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Abstract: B2H6, a typical structure with hydrogen bridge bond, has been analyzed.

According to the results of computations, the two B-H-B hydrogen bridge bonds

formed in B2H6 are weaker than other B-H bonds. This is because the 3-center-

2-electrons bonds can be structured, the stability, however, has been still weak.

Multicenter bond orders are also lower than other bonds. At the same time, it has been

supported by other analytical methods, such as ADCH atomic charge, ELF, LOL, and

AIM basin analysis, which may explain the reason the molecule is instability.

Computational method:

Geo and wavefunction file: B3LYP/6-311G* by Gaussian 09 D.01 version

Wavefunction analysis: Multiwfn 3.4.1 (dev)

Results and discussions:

Firstly, the ADCH atomic charges can be computed(Table 1). In B2H6, two types of

hydrogen atoms show different atomic charges. It can be seen that, the charge of

hydrogen atom in B-H-B bond, due to stronger covalence property, is greater than the

one in B-H bond. Additionally, when the valence electron of H atom has been

attracted, the degree electron can be closed to two boron atoms is stronger than one

boron atom, which may cause the fact that, the more deflected the valence electron of

H atom is, the more positive charge H atom will have.



Table 1. the ADCH atomic charges of all atoms in B2H6

B -0.127752

H(in B-H bond) 0.005476

H(in B-H-B bond) 0.116735

Table 2. the Mayer and multicenter bond orders of all bonds in B2H6. (modified at

2017.10.10)

Mayer bond order

B-B 0.62262762

B-H(in B-H bond) 0.99266578

B-H(in B-H-B bond) 0.46563980

Multicenter bond orders B-H-B 0.26969303

From the results of Mayer bond orders analysis(Table 2), it can be seen that, the

acting force of B-H bond at the edge of B2H6 is strongest. Relatively, other types of

bonds are weaker, such as the B-H bond in B-H-B bond. This is because the valence

electron of H atom is much closed to B atoms, which may cause the H atom can be

ionized and easier to separate for a dissociative proton. The B-B bond, further, failed

to be more stable. A credible explanation is supposed to be that, as the element with

strong electron deficiency property, B-B bond failed to be formed without any other

atoms. The configuration of extra-nuclear electron of boron atom is 1s22s22p1, if three

hydrogen atoms formed B-H bond with same single B atom, there are no free

electrons of boron atoms to form the B-B bond. Under the help of hydrogen atoms,

B-B bond can be structured, but the interatomic force is weak. It must be the reason

that, H atom has no p-orbital electrons, which may lead to the failure of forming

multicenter bond with conjugacy. Another reason is that, based on the instability of

B-H bond in B-H-B bond, the H atom can be ionized and easier to separate for a

dissociative proton, which may break the formed structure down. To sum up, the bond

order of multicenter bond, B-H-B bond, is low. (modified at 2017.10.10)

To visualize the electrons distribution in B2H6 molecule, the ELF(Electron



Localization Function) and LOL(Localized Orbital Locator) plots have been

applied(Figure 1 and 2). In the subfigure (a) of figure 1 and 2, the B-H bond at the

edge of molecule is stronger, and B-B bond is weaker. On the other hand, obviously,

in the subfigure (b) of figure 1 and 2, the multicenter bond, B-H-B bond, is much

lower than B-H bond, which is a symbol of instability.
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Figure 1. XY plane(a) and XZ plane(b) ELF plots of B2H6

(a) (b)

Figure 2. XY plane(a) and XZ plane(b) LOL plots of B2H6

Figure 3 is a plot of AIM interbasin surface. According to the partition of electron

density by AIM basin analysis method, a bold and novel conjecture can be said that,

due to the B-H interaction in B-H-B multicenter bond is weak, H atom can be easier

to separate. When the H atoms escape from the molecule, the fission will be continued



in the unstable surplus structure, until the all of B2H6 have been disappeared and the

simple hydroboron such as BH3 and hydroboron compound such as (BH3)n will be

formed. It is a type of Jahn-Teller effect. Notwithstanding, due to the 3-center-2-

electron bond is weak, the thermodynamic stability of B2H6 has been still maintained.

After a long time of storage, B2H6 will be changed to H2 and other hydroboron. It can

be studied by dynamics analysis.
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Figure 3. XY plane(a) and XZ plane(b) of AIM interbasin surface plots of B2H6

(Modified at 2017.10.10)

Topology analysis is a kind of method for geometry and real space function. In this

study, the AIM theory with electron density can be used. According to the AIM theory,

the (3,-3) (3,-1) and (3,-1) critical points (CP) are the symbols of nuclear critical

points (NCP), bond critical points (BCP) and ring critical points (RCP), respectively.

Additionally, the (3,+3) CP indicates the cage CP (CCP). In figure 4, the BCP is on

the line of two NCPs in B-H bond, however, in B-H-B multicenter bond, the bond

path is curved, which may mean the electrons will be transferred along with the

curved line. When the four-member ring has been formed by two B-H-B bonds, a

RCP has been shown at the center of ring with four incurved lines. In conclusion, the

ring formed by four incurved lines indicates that, the electrons will be transferred

closely to the center of ring, which the electron deficiency has been expressed.



Figure 4. critical points (CP) and bond paths of B2H6, where the purple, orange and

yellow balls represent the nuclear critical points (NCP), bond critical points (BCP)

and ring critical points (RCP), respectively. Cyan lines are bond paths.

Table 3. several properties of bond critical points (BCP) in B2H6.

Property BCP of B-H bond BCP of B-H-B bond

Density of all electrons 2.71E-02 9.44E-02

Lagrangian kinetic energy G(r) 1.76E-02 1.64E-01

Hamiltonian kinetic energy K(r) 1.26E-03 6.59E-02

Potential energy density V(r) -1.89E-02 -2.30E-01

Energy density E(r) or H(r) -1.26E-03 -6.59E-02

Laplacian of electron density 6.55E-02 3.94E-01

Electron localization function (ELF) 9.95E-01 1.15E-01

Localized orbital locator (LOL) 2.84E-01 2.55E-01

Local information entropy 1.08E-02 3.03E-02

Further, there are two species of BCPs between B and H atom. Since, several

properties of two species of BCPs have been represented in the Table 3. It can be seen

that, the density of all electrons at the BCP of B-H bond is less than the one in B-H-B

bond. The kinetic energy at the BCP of B-H bond is also less than the one in B-H-B

bond, whatever Lagrangian or Hamiltonian style. Likewise, the potential energy

density, energy density, Laplacian of electron density, and Local information entropy

of BCP of B-H bond is less than the one in B-H-B bond. The electron localization



function (ELF) and Localized orbital locator (LOL) of BCP of B-H bond, however, is

greater than the one in B-H-B bond.

Figure 5. two 3c-2e multicenter bonds of B2H6 by Pipek-mezey localization analysis

The last analysis, a typical method for multicenter bond, Pipek-mezey localization

analysis has been applied. It can be found that, after Pipek-mezey localization, 3c-2e

multicenter bonds can be visualized obviously.

S1. a comparison for several atomic charges.

atom Mulliken NPA ADCH MK

B -0.354173 -0.07613 -0.127752
0.049797

0.052546

H(in B-H bond) 0.090258 -0.00661 0.005476
-0.083749

-0.084623

H(in B-H-B bond) 0.173656 0.08936 0.116735 0.117200
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