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Abstract

AMI1 Molecular Modeling has been used in the comparison of Lewis acid strength of
Boron Trihalide using available opportunities in this method such as HOMO-LUMO
gap , infrared frequencies and molecular geometry. HOMO-LUMO separation was
employed to evaluate acid strength of BXj3, and results show that BI; is more acidic than
others and acidity has decreased up to halogen group. When complex formation between
BX; and dimethylamine was made , N—H bond stretching alters to red shift ( lower
frequency) .It was found that [;BNH(CHj3;), has the lowest frequency for this bond
.Geometry for these complexes , B—N bond length and degree of X-B-X angle of all
mentioned complexes were also studied and pyramidal structure for complexed BX;
were observed.

5gb C A JRall Lutigh (S g 6 yaal) ciad Aadd) Gilll sy iy HOMO-LUMO 4
AMI 45 jlay L5 a0 cililual aladiuly ¢igosed 3l B @S ja dpdaala

Al — Jha . (oo dada NL»J\ IS e LX) ?...é

Ladal)
Llad) Ay 4 AMIT 45 )k laaas s (Molecular Modeling) 4 jall cilibuall 408 caexdind
o Aaliall LY il L s 3 ) ) bl Lt B pem sl (5 ) Sadla e pana

O Gl aadial L ugl JRaN 3l Gl o HOMO-LUMO g LAl e galiLall 13a
Led Gty Bl o) itill cigy 385 BX; Ciia (o el sall 558 8z 5xill dagla sl HOMO-LUMO
Lpmdall GliaY) de sane On oo (A Gaslall) ddlad SV 4l iy 13a 5 3D 138 (e AY) asd)
O ¢ Y Dl i el (ady Lad 5. Cliaslled) de sane ol olatly lsra 85 Ll o) 5 A syl
335 el B gl I i) i n ol sl alle (D 5 o Jiie U o Siae <
Lasis | sl 5 ¢ BBNH(CH;3)y ieall S s il gl A Unfl of il iy 3 « N==H 5,V
X= 5 X—B—X U 530 Gl 5 clsinal) o3d B—N ual ¥) Ul skl Al 0 5 388 ¢ igh JSED (il

v o) D s siaal Bl e a8 BX3 ltine () asill 038 (30 Jan ol B-N

135



Humadi

Introduction

Elements in group 3A, especially boron and
aluminum form three coordinate lewis acids
capable of accepting an electron pair .Some of the
most common used lewis acids are the boron
trihalides BX;[1].
It is well known as experimental fact that the
lewis acid strength of boron trihalides with respect
to strong Lewis bases increases in the order BF; <
BCl; < BBr; < BI; however this order is reverse
as expected on the basis of electronegativity and
steric effect of halogens .This sequence must be in
the opposite direction and boron trifluoride should
be the stronger Lewis acid in the series.[2,3].
Experiments show the opposite, the bromide
complex is more stable, for example, AH; for
reaction between trimethylamine and boron
trihalides become more negative from BF; to BBr;
[4].
This behavior of boron halides has been explained
on the basis of tendency of halogen atoms to back
donate its electrons to vacant p-orbital of the
boron atom][5].
Shortening of B-X bonds in boron trihalides is
attribute to the ability of boron to accept electrons
from the filled Py orbitals of the halogens through
back donation. The bond is formed using the
vacant Ppjorbital of boron and this phenomenon is
probably most significant in BF3.
The reduced tendency among the heavier elements
to form multiple bonds may be due to:

A. An increase in the size of the central
element.

B. Less effective overlap of more diffused
(3p , 4p etc.) orbitals and consequent
weaker bonds .

C. Repulsion between filled inner orbitals

of larger M and X. [3]

Frontier orbital theory tells us that the HOMO
(highest occupied molecular orbitals) and the
LUMO (lowest unoccupied molecular orbitals)
play a predominant role in chemical reactions.
Small HOMO-LUMO gap implies low kinetic
stability, because it is energetically favorable to
add electrons to a high lying LUMO, and/or to
extract electrons from a low-lying HOMO[6,7]

The higher HOMO energy corresponds to the
more reactive molecule in the reactions with
electrophiles, while lower LUMO energy is
essential for molecular reactions with nucleophiles
[8,9]. According to the frontier molecular orbital
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theory, a higher HOMO energy of one reactant
molecule and a lower LUMO energy of the other
are advantageous to the reaction between the two
molecules, because electrons more easily transfer
from the HOMO of one reactant to the LUMO of
the other in the orbital interaction [10].

All the trihalides of all the boron group elements
exist, the normal trihalides are planer molecules
which have an empty p orbital in the valance shell
make use of this empty orbital, both in the
structure of the trihalides and in the formation of
complexes of the form MX;.D where D is a lone
pair donor[11].

Adduct formation may be considered to be taking
place in two stages, the reorganization of the
planer BX; into pyramidal BXj, followed by
formation of the addition product. The observe
behavior, indicates that the reorganization of BX;
is the least favorable for X=F[3].

Bathochromic shift (effect) is one of the important
parameters in studying complexation processes,
which means ““ Shift to lower frequencies (longer
wavelengths) owing to the presence of substitution
or a change in environment, atom involved in
coordination will lower frequency due to
alteration in electron density[12].

In current work , an attempt has been made to
correlate the lewis acid strength of boron
trihalides with geometries of their complexes with
dimethylamine and HOMO LUMO gap using
AMI theoretical calculations.

Calculation method:

AMI1 (Austin Model 1)[13] a semi-empirical
method for the quantu electronic structure in
computational chemistry were performed in this
work. It is based on the Neglect of Differential
Diatomic  Overlap integral approximation.
Specifically, it is a generalization of the modified
neglect of differential diatomic overlap
approximation. Several parameters were used to
optimize the calculations, at the first time, MM?2
(Molecular Mechanics ) geometric optimization
calculations were carried out followed by UHF
(unrestricted Hartree-Fock) geometric
optimization. Force keyword another parameter
was used to calculate vibrational frequency.

Results and Discussion

Due to the high confidence of AM1 method in
N—H frequency calculations, this might be



Humadi

considered as a way to conclude acid strength of
boron trihalides.

Results from table (1). show that N—H stretching
in free dimethylamine are 3408 cm” due AMI
calculations while experimental value is
3420 cm’, which refers to very slight deviation of
theoretical calculation from experimental data
about (-12cm™) and this comes in a good
agreement between them.
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atom due to the electron donating of alkyl group
behaviors  toward nitrogen atom, and this
phenomenon made NH(CHj;), the most reactive
Lewis base between the others and follow the
sequence below:

NH(CH;), - 47eV > NH,CH; -51.27eV >

NH;- 72.49eV

Table 2: HOMO-LUMO energy gap of Lewis acid
boron trihalides and Lewis base substituted amines

Table 1: NH frequencies of X;BNH(CH3), Type Homo Lumo |Homo/Lumo -gap
complexes Lewis acid
Complex N—H stretching | N—H bending
cm’! cm’ BF; -18.09 8.57 26.66
LBNH(CH,), 3264 1469 BCl, 1096 | 10.92 21.88
BBr; -10 8.47 18.47
Br;BNH(CHj;), 3275 1479 BL, =8 Y 6
Lewis base
CL.BNH(CH,), 3293 1492 NH; -1437 | 58.12 72.49
F;BNH(CH3), 3372 1531 NH,R* -11.97 39.3 51.27
T : NHR, -10.4 36.6 47.00
In general, coordination between nitrogen (as
Lewis base) and boron trihalide (as Lewis acid) * R=--CH,

alter these values and shift them to the lower
frequency. These differences were due to
alteration of N—H dipole moment, if an electron
lone pair of a nitrogen atom of a dimethylamine
group has a high donation to vacant p, orbital in
boron, dipole moment become less and frequency
move to lower region. So N—H stretching of
LBNH(CH;), have lower frequency
(3264cm™), while this value in F;BNH(CH;),
complex being(3372cm™), means that the vacant P,
orbital of boron in this complex is partially
occupied with back donation from the filled ppy
orbital of the fluorine and becomes weak acceptor,
that means it behaves as weak Lewis acid
relatively comparable to the others, see the
gradual decreasing of frequency down to the
halogen group complexes. bending values also
agree with this sequence.

As summarized in table (2), gradually energy gap
increasing up to the halogen group indicates that
boron triflouride is relatively the more stable acid
comparable to the others (26.66 eV) while boron
triiodide represents the more reactive acid
(16.22eV).

Lewis base in the same table(2) clears that amine
compounds become more reactive when
substituted with alkyl groups instead of hydrogen
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It has been shown in (Figure 1) that the
compression of the HOMO of BF; and BCl;
indicates that BF; molecule appears clear HOMO
interaction and electron cloud expand between
boron and fluorine due to Pn back bonding , while
the heavier chlorine seems to have a non bonding
charactor.

Correlatior between geometries and acid strength
was also carried out . This correlation include
bond lengths , bond angles and pyramidalization
phenomenon were found.

As is shown in table (3), there are significant
differences between B—N bond lengths in the
mentioned complexes, shortening of this bond
reflects an increasing amount of pyramidal degree
due to the repulsion between electron density
(donated from nitrogen) and electron lone pairs of
halogens attached to boron .

It was also found that the degree of bond angles
reveal significant opinion about the correlation
nature between acid strength and the structure of
complex due to the following points:

1- a low degree of X-B-X angle means high
Pyramidal Geometry.

2- shorter B—N bond length means strong
interaction between nitrogen electron pair and
vacant p orbital on boron.
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3- longer B—N bond length means strong pm back
bonding donation.

Thus , the obtained results suggest that the
pyramidalization is closely related to B-N length
and the strength of B-X pn back bonding that
reflects the magnitude of pyramidalization .

It has been found that the observed results showed
a little differences between angles in the same
complex , one of three angels of each complex
was different from the other two which have the
same degree. The explanation of these phenomena
is due to the steric effects and the presence of two
bulky CHj; groups which tend to s how strong
repulsion with halogen atom in the same side and
this difference increased with increased halogen
atom size down the group (note that X-B-N angle
also agree with this opinion).

Figure 1 : difference for HOMO interaction
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Conclusions

The present results demonstrate the ability of
AMI calculations to better estimate the relative
relativities of boron trihalides and the gradual
strength of Lewis acidities of these compounds .
All studied parameters such as HOMO-LUMO
energy gap , vibrational frequencies and molecular
geometries agree to provide the order
of of BI; > BBr; > BCl; > BF; for Lewis acid
strength. (Figure 2). refers to pyramidal structure
of complexed trihalide which convert from
uncomplexed trigonal planer BXj;. These
structures clearly reflects more pyramidal of
complexed heavier halogens and this is very clear
in LBNH(CH3), . The molecular point group of all
mentioned complexes are Cs except LBNH(CHs),,

between BCl; and BF;
Table 3: molecular geometry data for different complexes
Complex B-N A° X-B-X X-B-N
Angle 1 Angle2 | Angle3 | Angle 1 Angle 2 Angle 3
BF;NH(CHj;), 1.882 114.0° 114.6° | 114.6° [103.5° 103.5° 104.8°
BCLNH(CHj3), 1.644 110.4° 112.1° | 112.1° [106.7 106.8° 108.5°
BBr;NH(CHs), 1.64 109.4° 111.3° | 111.4° [107.5 107.5° 109.5°
BL;NH(CH3), 1.599 107.4° 110.2° | 110.1° [108.9 108.9° 111.3°
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Figure 2: pyramidalization phenomenon of boron
trihalides after complexation with secondary amine
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