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Water dimer isomers: interaction energies and electronic structure
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Abstract
The energetic and electronic structure of various water dimer isomers has been explored through DFTmethodology. Six different
possible water dimers come in two broad categories, planar and non-planar. In each of the categories, three distinct topologies (i)
linear, (ii) ring and (iii) bifurcated, have been obtained. The linear dimer has the highest interaction energy, followed by the ring
dimer and then comes the bifurcated dimer. For each of these type, a planar dimer having all six atoms organized in a single plane
come very close to, but has a slightly higher energy than the corresponding non-planar counterpart. Bader’s atoms in molecules
(AIM) theory, reduced density gradient (RDG) method and non-covalent interaction (NCI) analysis reveal that the electron
density distribution among the interacting water molecules correlates exactly in the sequence of interaction energies of different
isomers of water dimer.
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Introduction

Water is the most important as well as an enigmatic substance
responsible for the sustenance of life on the earth. Several
anomalous properties of water compared with other common
solvents render water a special status [1]. A complete under-
standing of various peculiar characteristics of water is still
lacking despite continuous efforts by scientists all around the
world. These efforts have considerably advanced our knowl-
edge towards understanding the nature of interfacial water [2]
as well as bulk water, according to which, the bulk water can
be considered as a statistical mixture of various small water
clusters like dimer, trimer, tetramer, pentamer and hexamer
leading to the advancement of continuummodel of bulk water
according to which various small clusters continuously trans-
form among each other dynamically [3, 4]. The main hin-
drance behind the complete understanding of the properties
of bulk water is the lack of understanding of the many-body
effect not only between two water molecules but also among

more than two water molecules when high nuclearity water
clusters are considered. Theoretical modelling of these many-
body effects is quite difficult. Among various small water
clusters, water dimer is assumed to be the most important
cluster [5] determining the lion’s share of the properties of
bulk water. Water dimer is the smallest and basic water cluster
which incorporates this many-body effect. Though water di-
mer is the most widely explored water cluster both experimen-
tally [6] and theoretically [7], it is the subject of intense inves-
tigation even today. The simple system of two water
molecules—the water dimer—is rich in diversity and com-
plexity as this system has several local minima corresponding
to different isomers. Different isomers of water dimer result
from various possible ways two water molecules establish
hydrogen bond with each other. There are at least six different
isomers of water dimer (Fig. 1). Among these six isomers,
linear non-planar (LNP) water dimer is the minimum energy
structure, but a liner planar water dimer (LP) is a closely lying
congener of it. In the linear planar water dimer, all four hy-
drogen atoms and two water oxygen atoms all lie in the same
plane. Another water dimer isomer with ring topology (ring
dimer) has been found where two water molecules act as a
double donor and double acceptor resulting hydrogen-bonded
closed ring. This again comes in non-planar (RNP) and planar
form (RP). Among two other isomers of water dimer, one is
bifurcated non-planar dimer (BNP) and the other is bifurcated
planar dimer (BP), in each of which one water molecule acts

* Atish Dipankar Jana
atishdipankarjana@yahoo.in; atish@behalacollege.in

1 Department of Physics, Behala College, Parnasree, Kolkata 700060,
India

2 Department of Physics, Heritage Institute of Technology,
Kolkata 700107, India

Journal of Molecular Modeling (2020) 26: 20
https://doi.org/10.1007/s00894-019-4274-2

http://crossmark.crossref.org/dialog/?doi=10.1007/s00894-019-4274-2&domain=pdf
http://orcid.org/0000-0003-1364-1360
mailto:atishdipankarjana@yahoo.in
mailto:atish@behalacollege.in


as double acceptor and the other one acts as a double donor. In
the bifurcated planar dimer (BP), all six atoms lie in the same
plane but in the bifurcated non-planar dimer (BNP), the plane
of water molecules are rotated 90° with respect to each other.
In the present report, we have carried out an in-depth analysis
regarding the energetic as well as the electronic structure of
these six isomers with an aim to understand the interrelation-
ship among these isomers. Besides ranking these isomers with
respect to their interaction energies, we have carried out the
atoms in molecules (AIM) [8] analysis for these six isomers
which has provided a nice comparative view of the topologi-
cal space of these isomers. Reduced density gradient (RDG),
as well as non-covalent interaction (NCI) [9] study for these
isomers, provides a bird’s eye view of the nature of intermo-
lecular interaction among six water isomers which also nicely
correlates with the ranking of these isomers.

Computational methods

To determine the optimized geometry, interaction energy and
electronic structure of various possible water dimers, density
functional theory (DFT) computational approach was
adopted. To find out the optimized geometries and the ener-
gies corresponding to these clusters, geometry optimization

has been carried out using the Gaussian 03 program package
[10]. All calculations have been performed using DFT meth-
odology with B3LYP hybrid density functional employing 6-
311G++(d,p) basis set. Multiwfn [11] was used for carrying
out AIM, RDG and NCI analysis.

Geometrical comparison of the structures

Computationally obtained optimized geometries of six differ-
ent water dimer isomers have been depicted in Fig. 1. Three
distinct topologies are present among these six water dimers.
These are respectively (i) linear water dimer, (ii) cyclic or ring
water dimer and (iii) bifurcated water dimer. Each of these has
again a planar and a non-planar form. In the planar clusters, all
six atoms (twoO atoms and four H atoms) lie in a single plane.
For linear water dimer, an oxygen atom of one of the water
molecules acts as hydrogen donor whereas the oxygen atom of
the other water molecule act as an acceptor for this hydrogen.
In this case, a single hydrogen bond joins two water
molecules.

On the other hand, in the case of ring dimer, each water
molecule plays a dual role of donor and acceptor for each
other and thus, a pair of hydrogen bonds glues two water
molecules leading to closed hydrogen-bonded circuit. This

Fig. 1 Six different possible
isomers of water dimer
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hydrogen-bonded circuit has a parallelogram shape. The
shorter arms of this parallelogram are formed by OH bonds
of two participating water molecules. Two remaining OH
bonds align outwards along one of the diagonals of the
parallelogram.

In the case of bifurcated water dimer, one of the water mol-
ecules donates both hydrogen atoms and the other one acts as
an acceptor for these hydrogen atoms. Again, a hydrogen bond-
ing ring is formed but in this case, the geometry of the geometry
of the hydrogen bonded ring resembles an elongated quadrilat-
eral. Two adjacent arms of this quadrilateral are equal as two
OH bonds of water molecules form the shorter pair of arms and
two H∙∙∙O hydrogen bonds form the long pair of arms.

Linear non-planar

Computed vibrational frequency analysis for this dimer re-
veals that for this structure, there is no imaginary frequency.
This means that LNP is a true minimum structure. The O∙∙∙O
distance for this dimer is 2.901 Å. The O-H∙∙∙O angle is
175.55°, which implies that for this cluster, the alignment of
donor, hydrogen and acceptor is nearly linear. Other relevant
geometrical parameters for this isomer have been jotted down
in Table 1. The interaction energy of this dimer is − 5.05 kcal/
mol. Linear non-planar water dimer has the lowest energy
among six different isomers of water dimer (Table 2).

Linear planar

Figure 1 b depicts a linear planar dimer. The energy value of
this isomer is − 152.9252 au which is more than the linear
non-planar dimer. The interaction energy of this cluster is −
4.54 kcal/mol which is 0.51 kcal/mol higher in energy than the
non-planar linear water dimer. In this isomer, the O∙∙∙O dis-
tance is 2.912 Å. It can be noted that this O∙∙∙O distance is
0.011 Å larger than that of the linear non-planar dimer. The
H∙∙∙O distance is 0.021 Å larger than the linear non-planar
dimer. The corresponding O-H∙∙∙O angle is 169.45°, which
is slightly larger than the corresponding angle of the linear
non-planar dimer. The H-O-H angle is 106.32° for one of
two water molecules and that for the other is 105.62°.

Ring non-planar

Figure 1 c shows the optimized configuration of the non-
planar water ring dimer. The interaction energy of the non-
planar ring dimer is − 4.16 kcal/mol. The interaction energy of
the non-planar ring dimer is lower than that of both the linear
planar and linear non-planar dimer (Table 2). It has 0.89 kcal/
mol less interaction energy than the linear non-planar water
dimer. In this isomer, two O-H∙∙∙O bonds lead to the formation
of a ring topology between the two water molecules. The two
O-H∙∙∙O bond lengths are equal having value 2.266 Å (H∙∙∙O
distance)which is 0.333 Å larger than the length of linear non-
planar water dimer. The O-H∙∙∙O angle is 113.73°. The H-O-H
angle for both the water molecule is equal as well, having
value 105.89°.

Ring planar

Figure 1 d shows the optimized geometry of the planar ring
dimer. Here, both donor oxygen, a hydrogen atom and the
acceptor oxygen atom from the two water molecules, lead to
a ring in the same plane, unlike the non-planar ring dimer. The
O-H∙∙∙O bond length is 2.279 Å (H∙∙∙O distance) where the
calculated difference is 0.346 Å from the LNP. The correspond-
ing O-H∙∙∙O angle is 109.31°. The H-O-H angle for both water
molecules are 106.25°. The interaction energy of this dimer is
− 3.75 kcal/mol which has 1.30 kcal/mol less interaction ener-
gy than that of the linear non-planar water dimer.

Bifurcated non-planar

Figure 1 e shows the optimized configuration of bifurcated
non-planar water dimer. Two water molecules are aligned in
such a way that the hydrogen atoms of one of the water mol-
ecules make bonds with the oxygen atom of another water
molecule. Such an arrangement leads to the bifurcated non-
planar topology. The two O-H∙∙∙O bond lengths are equal,
2.470 Å (H∙∙∙O distance), which is 0.537 Å larger than that
of linear non-planar water dimer, and the O-H∙∙∙O angle is
111.44°. The two non-planar water molecules have angles of
105.63° and 101.88° respectively. The interaction energy of

Table 1 Hydrogen bonding parameters of different water isomers

Dimer D-H∙∙∙A D∙∙∙A (Å) H∙∙∙A (Å) D-H (Å) <D-H...A (°) ΔD∙∙∙A (Å) ΔH∙∙∙A (Å) ΔD-H (Å) Δ<D-H...A (°)

LNP O2-H2A∙∙∙O1 2.901 1.933 0.970 175.55 0.000 0.000 0.000 04.45

LP O2-H2A∙∙∙O1 2.912 1.954 0.969 169.45 − 0.011 − 0.021 0.001 10.55

RNP O2-H2A∙∙∙ O1 2.798 2.266 0.966 113.73 0.103 − 0.333 0.004 66.27

RP O2-H2A∙∙∙ O1 2.753 2.279 0.965 109.32 0.148 − 0.346 0.005 66.23

BNP O2-H2A∙∙∙ O1 2.961 2.470 0.963 111.44 − 0.060 − 0.537 0.007 68.56

BP O2-H2A∙∙∙ O1 3.138 2.643 0.962 112.40 − 0.237 − 0.710 0.008 67.60
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this dimer is − 3.29 kcal/mol which has 1.76 kcal/mol less
interaction energy than the linear non-planar water dimer.

Bifurcated planar

Figure 1 f shows the optimized geometry of the bifurcated
planar water dimer. It has the same topology as that of the
bifurcated non-planar dimer. The only difference is that here,
all atoms of both the water molecules lie in the same plane. This
isomer of water dimer has the highest energy value among the
six isomers of value − 152.9214 au. The lengths of both the
bifurcated O-H∙∙∙O bond are same which is 2.643 Å (H∙∙∙O
distance), 0.710 Å more than linear non-planar dimer, and the
corresponding O-H∙∙∙O angle is 112.40°. The angle H-O-H of
one of the two water molecules is 105.11° and that of another
water molecule is 102.27°. The interaction energy of this dimer
is − 2.39 kcal/mol. This dimer has 2.66 kcal/mol less interac-
tion energy than the linear non-planar water dimer.

The interacting canonical molecular orbitals
in different dimers

The nature of the canonical molecular orbitals for each of the
water dimer isomer has been analysed to have an idea regard-
ing the variation in the hydrogen bonding topologies of the
water dimer isomers. From Fig. 2, it can be seen that there are
two interacting molecular orbitals for the linear non-planar
water dimer, but for the planar water dimer, there exists only
one interacting molecular orbital. For linear non-planar water
dimer, orbital no. 6 and orbital no. 8 shows substantial electron
delocalization among the two water molecules which is along
the intermolecular hydrogen bond direction. On the other
hand, for the linear planar dimer, this delocalization is seen
only for orbital no. 6.

In the case of non-planar ring dimer, there is only one
interacting orbital (orbital no. 5) but for planar ring dimer,
there exist two interacting orbitals orbital no. 5 and orbital
no. 9. Though there are two interacting molecular orbitals in
the case of planar ring dimer, the degree of electronic overlap
is more in molecular orbital no.-5 for non-planar ring dimer in

comparison with planar ring dimer (Fig. 2). Orbital no. 9 in the
planar ring dimer has least electronic overlap.

For both non-planar and planar bifurcated water dimer, there
exists only one interactingmolecular orbital, which is -molecular
orbital no. 7 for both. The overlapping orbital has axial symme-
try. The symmetry axis is along the line joining the O atoms of
two interacting water molecules (Fig. 2). It can be noticed that
the degree of overlap is higher in the case of non-planar bifur-
cated dimer as compared with the planar bifurcated dimer.

The orbital interaction analysis hints that the higher inter-
action energy of the non-planar dimers as compared with the
corresponding planar dimers can be assigned to the higher
degree of orbital overlap in the interacting molecular orbital.

NCI, RDG and AIM analysis

To understand the nature of inter-atomic interaction between
two water molecules in water dimer and to differentiate the set
of water dimers from each other, the interaction energy was
estimated according to Bader’s atoms in molecules (AIM)
[12] theory. Through the analysis of several topological pa-
rameters like the electron density (ρ), Laplacian of electron
density (∇2ρ), the potential energy density (V) and the kinetic
energy density (G), the nature and strength of hydrogen bonds
among various water dimers can be distinguished. We plotted
figures of all critical points (CPs) [13] which depict the corre-
sponding bond critical points (BCPs) along with bond paths.
For all the dimers, critical points satisfy the Poincare-Hopf
relationship. Among the total number of 11 CPs, there are 6
nuclear critical points (NCPs) and 5 bond critical points
(BCPs). For a deeper view about these water dimers, we have
computed AIM topological parameters at the intermediate
BCPs between two water clusters for all the dimers. The
values of these parameters have been listed in Table 3. In this
table, the ratio of |V(r)|/G(r) as well as hyrogen bond
enegy EHB (= V(rbcp)/2) have been provided. The |V(r)|/G(r)
ratio provides information regarding the nature of interaction
[14] and EHB provides information regarding the strength of
the hydrogen bond [15]. EHB is related to the potential energy
density at the bond critical point.

Table 2 Energy spectrum of different water isomers

Dimer Energy (E) of
dimers (au)

Energy of two water
molecule (au)

Interaction energy (au)/
(kcal/mol)

BSSE error
(kcal/mol)

Corrected interaction energy
(kcal/mol)

ΔE
(kcal/mol)

LNP − 152.9263366 − 152.9170004 − 0.0093362/− 5.85 0.80 − 5.05 0.00

LP − 152.9252713 − 152.9170004 − 0.0082709/− 5.19 0.65 − 4.54 0.51

RNP − 152.9242714 − 152.9170004 − 0.0072710/− 4.56 0.40 − 4.16 0.89

RP − 152.9235864 − 152.9170004 − 0.00658599/− 4.13 0.38 − 3.75 1.30

BNP − 152.9234100 − 152.9170004 − 0.0064096/− 4.02 0.73 − 3.29 1.76

BP − 152.9214445 − 152.9170004 − 0.0044441/− 2.79 0.40 − 2.39 2.66
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Along with the AIM critical points, non-covalent-
interaction (NCI) analysis also has been performed for the
visual understanding of the interaction type. It is based on
electron density and its derivatives. In NCI, the reduced den-
sity gradient (RDG) function is plotted against the product of
the second eigenvalue of the hessian and the electron density
(sign(λ2)ρ). Characteristic spikes in this colour plot help one
visualize and identify the strength of interaction of the corre-
sponding non-covalently interacting molecules. In the graph,
different colours correspond to different interactions, i.e. the
van der Waals interaction (green), hydrogen bond (blue) and
steric repulsion (red) from which one can easily perceive and
compare the relative importance among a set of closely related
systems having intermolecular interaction. The NCI iso-
surface plot gives one the same idea, but now, one can visu-
alize the interaction region in a three-dimension space be-
tween the interacting molecules in the form of iso-surface
which is again colour-coded to distinguish between hydrogen
bonding, van der Waals interaction and steric interaction.

If we compare both the planar and the non-planar linear
dimer from Fig. 3, we can find a sharp visual difference in
the NCI plot of them. Comparing the nature of the graph, one
can see that the commonality among these is the presence of

a single spike corresponding to the intermediate hydrogen
bond. According to the adopted colour convention, this
greenish-blue colour ellipsoidal iso-surface is located exactly
at the position of the bond critical point (BCP) between H2A
andO1 atoms for this cluster. The strength of this interaction is
5.77 kcal/mol, which is nearly the same as the hydrogen bond
interaction energy of the non-planar linear dimer. For the pla-
nar linear dimer, the bond strength EHB is 5.0828 kcal/mol.

Figure 4 depicts the RDG and NCI iso-surface plot for
planar as well as non-planar ring dimer. Both the ring dimers
are characterized by a distinct green spike at a slightly nega-
tive value of sign(λ2)ρ. The green ellipsoidal NCI iso-surfaces
depicted in the lower panel correspond to the van der Waals
interaction. The interacting surface lies at the BCP between
O1 and O2. The bond energy is 3.5141 kcal/mol for the non-
planar one and 3.1689 kcal/mol for the planar case.

In Fig. 5, the results of both the planar and the non-planar
bifurcated dimer have been given. Here, for both the dimers,
we can see two sharp spikes in NCI plot; one corresponds to
van der Wall range and another for the steric effect. There is a
difference of value in the steric effect in NCI plot of them.
There is also only one BCP in the dimer interaction region
which is in between O2 and O1 of the cluster. This interaction

Fig. 2 Interacting canonical
molecular orbitals of different
isomers
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has 2.3845 kcal/mol hydrogen bond energy for non-planar
and 1.5688 kcal/mol EHB for the planar linear dimer Table 3.

Potential energy curve and barrier to rotation

The study of potential energy barriers has been carried out to
better understand the relationship between the planar and the
non-planar dimer for each of the three categories where the
O∙∙∙O distance of respective dimers has been kept fixed at its
optimized geometries and the second water molecule has been
rotated with respect to the first one. Figure 6 a and b depict the
nature of the potential energy curve for the non-planar water
dimer. Figure 6 a depicts the potential energy profile for rota-
tion of the second water molecule (O2) with respect to the first
(O1) water molecule around the z-axis which has been set
perpendicular to the xy-plane containing two water oxygen
atoms (O1, O2) and the dangling hydrogen atom (H2B) of
the second water molecule with origin at the oxygen atom
O2. This rotation takes the bonded hydrogen atom (H1B)
away from O1 and brings H2B closer to O1 in a complete

rotation around the z-axis. At nearly 104° rotation, H2B forms
the hydrogen bond with O1 and a potential minima is ob-
served at this angle. One can observe a small potential barrier
(4 kcal/mol) for this transition which is followed by a large
potential barrier (9.5 kcal/mol) for the rest of the rotation.
Figure 6 b depicts the potential energy profile for rotation of
the second water molecule around the y-axis which takes
away the bonded hydrogen atom (H2A) in the horizontal xy-
plane. This potential energy variation is symmetric in nature.
The barrier height to this transition is 8 kcal/mol and there is
depth in the potential energy curve at 180° rotation of H2A
making it farthest from O1 atom. In this configuration, H2B is
closest to O1.

For the ring dimer, the xy-plane has been set through O1
and O2 and two hydrogen-bonded H atoms, x-axis running
from O2 to O1 with origin at O2 and z-axis perpendicular to
this plane. The rotation of second water molecule was carried
out around z-axis . The corresponding potential energy varia-
tion has been depicted in Fig. 6c. The asymmetric potential
energy curve has two unequal peaks separated by a shallow

Fig. 4 AIM, NCI and RDG of ring dimers

Fig. 3 AIM, NCI and RDG of linear dimers
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deep. The lower peak (8 kcal/mol) occurs at 166°, with shal-
low depth at 218°, and higher peak (15 kcal/mol) occurs at
287° degree.

For the planar bifurcated dimer, the xy-plane has been set in
the plane of the dimer with origin at O1 and x-axis along O1 to
O2. O1 water molecule has been rotated around the z-axis. The
potential energy curve (Fig. 6d) is symmetric with two equal
barriers (12 kcal/mol) with a small deep at 180° separating
these two barriers. At 180°, two water molecules are in a
face-to-face configuration where barrier height is 11 kcal/mol.

For the non-planar bifurcated dimer, the x-axis passes along
O1 to O2 with origin at O1 and O1 water molecule has been
rotated with respect to the x-axis. The potential curve (Fig. 6e)
is symmetric with two equal barriers (1.4 kcal/mol) separated
by a deep at 180°. At 90° rotation, the non-planar bifurcated
dimer turns into a planar bifurcated dimer and the correspond-
ing barrier is lowest among other dimers.

Fuzzy bond order analysis

Bond order, which was proposed by Linus Pauling can be
used as a measurement of bond strength. Fuzzy bond order
(FBO) was introduced by Mayer [16] which in comparison
with the other bond order analysis is more stable with respect
to the change in the basis set. FBO is essentially a measure of

delocalization index calculated in fuzzy atomic space. The
FBO values (Table 4) for O1∙∙∙H2A hydrogen bond nicely
correlates with the relative strengths of the abovementioned
water dimers. The highest bond order has been observed for
the LNP dimer which is also the strongest bound system.

Discussion

A comparison of AIM, NCI and RDG results among three sets
of non-planar and planar water dimers shows a nice correla-
tion. In the AIM analysis, one can see that the electron density
value at the bond critical points decreases continuously in the
analogous sequence of decreasing bond energy as well the
interaction energy among different water dimers. If one com-
pares the location of the spikes corresponding to intrawater
hydrogen bonding, the highest negative value (− 0.025 au) of
sign(λ2)ρ occurs for the linear non-planar (LNP) water dimer
which has the highest interaction energy. The sequence of
sign(λ2)ρ for other dimers is − 0.022 au for linear planar
(LP); − 0.014 au for non-planar ring dimer (RNP); − 0.012au
for planar ring dimer (RP); − 0.011au for bifurcated non-
planar dimer (BNP); and − 0.008au for bifurcated planar di-
mer (BP). So according to RDG analysis, the sequence of the
strength of water dimers is LNP, LP, RNP, RP, BNP and BP.

Fig. 5 AIM, NCI and RDG of bifurcated dimers

Table 3 Critical point properties of the water dimers

DIMER ρ(r), electron
density (au)

Sign
(λ2)ρ

∇2ρ Laplacian of electron
density (au)

V(r), potential energy
density (au)

G(r), Lagrangian kinetic
energy density (au)

|V(r)|/
G(r)

EHB = V(r)/2
(kcal/mol)

LNP 0.02463 − 0.025 0.09283 − 0.0184 0.0208 0.8846 5.7730

LP 0.02194 − 0.022 0.08922 − 0.0162 0.0192 0.8438 5.0828

RNP 0.01458 − 0.014 0.06612 − 0.0112 0.0139 0.8058 3.5141

RP 0.01223 − 0.012 0.65097 − 0.0101 0.0132 0.7652 3.1689

BNP 0.01065 − 0.011 0.04256 − 0.0076 0.0091 0.8352 2.3845

BP 0.00746 − 0.008 0.02938 − 0.0051 0.0062 0.8226 1.5688
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The sequence of colour of the 3D NCI iso-surface also corre-
lates very well with this sequence. This is the sequence ac-
cording to which the interaction energies of the water dimers
also vary. One can note that the V(r)/G(r) ratio in each case is
less than one, which means the interaction is closed-shell in
nature. It is to be noted that hydrogen bonding is a σ-hole
interaction [17, 18] and for different dimer isomers, the nature
of the σ-hole may be studied further.

Conclusions

Water dimer is the most important cluster component of
liquid water as well as water vapour. A detailed under-
standing of the energetic and electronic structural aspect
of water dimer is quite crucial in gaining deeper insight
into the dynamic nature of the hydrogen bonding network
of water molecules. Various configurations of four hydro-
gen atoms among two water molecules can give rise to six
isomers of water dimer. These six isomers are again divid-
ed into two broad classes, (i) non-planar and (ii) planar.

The non-planar group has three distinct topologies: (i) lin-
ear topology, (ii) cyclic or ring topology and (ii) bifurcated
topology. In the planar group, also same three topologies
occur, but in this case, quite interestingly, all six atoms of
two water molecules lie in the same plane. Highest inter-
action energy occurs for linear topology, followed by cy-
clic topology which is followed by the bifurcated topology.
The planar and non-planar version for each topology
comes quite close in interaction energy. The spread in in-
teraction energy among different water isomers is
2.66 kcal/mol, which is quite small. Electron density at
bond critical point correlates exactly with the interaction
energy sequence of the six water isomers. RDG and NCI
analysis also shows the same sequence. In summary, in the
present paper, we have explored the energetic and electron-
ic nature of six different water isomers which has provided
deeper insight into the various possible ways the two water
molecules can bind with each other. Though the non-planar
linear water dimer has the lowest energy, the five other
isomers have a very small energy difference with this
one. This indicates that a slight temperature fluctuation or
environmental perturbation can lead to reorganization of
water molecules in a dimer and the dynamic nature of the
water hydrogen-bonded network can be better understood
in terms of interconversion of various water dimer isomers
among each other. The exact pathway of this dynamic in-
terconversion is currently being investigated and will be
the subject of a future communication.

Funding information Atish Dipankar Jana acknowledges the financial
support from the department of Science, Technology and
Biotechnology, Government of West Bengal, India, through the project
no ST/P/S&T/16G-47/2017.

Fig. 6 Potential energy barrier to rotation of one of the water molecules with respect to the other

Table 4 Fuzzy bond order for different dimers

Dimer O1-O2 O1-H1A O1-H1B O2-H2A O2-H2B O1∙∙∙H2A

LNP 0.1026 0.9522 0.9516 0.8516 0.9747 0.0825

LP 0.0956 0.9551 0.9506 0.8577 0.9766 0.0727

RNP 0.1271 0.9650 0.8962 0.8962 0.9650 0.0353

RP 0.1280 0.9661 0.9034 0.9034 0.9661 0.0287

BNP 0.1228 0.9607 0.9607 0.9170 0.9170 0.0262

BP 0.0984 0.9628 0.9628 0.9275 0.9275 0.0185
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