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Abstract 

 This work deals with structural and electronic properties of trifluoroborane-carbonyl  

BF3-CO as a donor-acceptor molecular system. B3LYP density functional theory was 

employed with various basis sets to calculate some structural and electronic properties for 

this system. The calculations include the bond length and angles between atoms, and some 

electronic properties of the studied compound were investigated include the total energy, 

electronic states, electron affinity, chemical hardness, softness and electrophilic index. The 

results show that 6-31G (d, p) level of theory gave good agreement values of geometrical 

parameters with experimental data in compared with other levels. 
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دالت الكثبفت نظريت مخقبل :حسبببث –لنظبم جزيئي مبنح  والإلكخرونيتالخصبئص الخركيبيت   

حسن نبهذة   

 

 

 

 الخلاصت: 

 .يحقبم -خزَئٍ يبَح كُظبو كبربىَُم -ثلاثٍ فهىروبىرٍَوالإنكحزوَُة ن حزكُبُة َحُبول هذا انعًم يع انخصبئص ان

. B3LYوالإنكحزوَُة  حزكُبُةسبة بعض انخصبئص اننح  أسحخذيث يع يخحهف يدًىعبت أسبس دانة انكثبفة َظزَة

بعض انخصبئص الإنكحزوَُة جًث دراسة و ,وانزواَب بٍُ انذرات وارزُظبو. وجشًم انحسبببت طىل الانهذا ان

 ورلابة انكًُُبئُة, نُىَة نفة الإنكحزوَُة,, والأانحبلات الأنكحزوَُة  ,كهُةانطبقة ان حضًٍج ًزكببت جحث انذراسةنه

انًعهًبت هُذسُة يع  نقُىاجفبق خُذ يسحىي انُظزَة أعطً  بٍ(–)دٌ 13ج -6. بُُث انُحبئح أٌ فهك كحزونأويؤشز

   .انبُبَبت انحدزَبُة فٍ يقبرَة يع انًسحىَبت الأخزي

                                                                        

ىة الطبقت , جهذ الخأين ,الصلابت وطيف الأشعت ححج الحمراءنظريت دالت الكثبفت , فج كلمبث مفخبحيت:
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Introduction 

 Charge transfer has long been 
recognized as the key process in many 
fields of chemistry, physics, and biology 
[1–7] monographs [8–10] . This work 
stand on the design of donor-acceptor and 
then can in future contact the donor and 
acceptor by a either Π or δ bridges to 
determine the quantity of charge transfer. 
A convenient model system often used to 
probe the mechanism of CT in molecular 
objects with nanoscale dimensions 
comprises a donor (D) and an acceptor 
(A) of electrons or holes connected by 
molecular bridge (B) [11- 17]. The 
number and variety of such donor-bridge 
acceptor (D-B-A) systems have grown 
explosively in recent years. Molecular 
bridges linking between an electron donor 
and an electron acceptor are known to 
control charge transport in molecular 
systems. Extensive studies emphasized 
the role of different factors controlling the 
charge transport mechanism of donor-
bridge- acceptor systems including inter-
site electronic coupling , electronic 
energies and electronic - nuclear 
coupling. present work focuses on 
calculating the structural and electronic 
properties of BF3-CO as a donor-acceptor 
system and compute the amount of charge 
transport as a measure the maximum 
electronic charge that saturates the 
system, it is a measure of the electronic 
transfer that a system may accept.    

Theory and Computational Details  
 In this work, density functional 

theory has been used to calculate the 

electronic properties of the studied 

molecules at (B3LYP) functional with 

various basis sets. The geometry 

optimization, energies and IR-spectrum 

have been done using Gaussian 09 

program [18] .  

According to the density functional 

theory, the total energy can be written as 

[19] : 

 
)(ρE][ρ Jdr (r)ρ (r)V

][ρ T)(ρ EE

oNCooen

oovo




    …….(1) 

       

For a normalized wave function Ψ, the 

particle density is given by ρ (r) : 

 

          2ni
i i (r)][ψ(r) ρ       …………..(2) 

Where ni is the number of electrons in 

orbital (i), and the summation is over the 

occupied molecular orbital. The kinetic 

energy of the system is [20]: 
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 Where TS[ρ], J [ρ], Ven[ρ]  and EXC [ρ]  

are the kinetic energy of non interacting 

electron system, classical coulomb 

energy, and exchange–correlation energy, 

respectively. 
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According to B3LYP function, the 

exchange correlation energy B3LYP

XCE  is 

given by [21]: 
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Where the three parameters : a o = 0.20,  

ax = 0.72 and  ac = 0.81.  

The ionization potential (IP) and the 

electron affinity (EA) of the molecule are 

calculated according to the following 

relations ( Koopman’s theorem ) [21]: 

          IP = - EHOMO        ….………..(9) 

        EA = - ELUMO      …………..(10) 

Where EHOMO  and ELUMO are the high 

occupied molecular orbital and lower 

unoccupied molecular orbital energies, 

respectively. The electronic chemical 

potential (χ), the chemical hardness (η) 

and the softness (s) are given by [21]: 
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2

EAIP
χ


    ….. ………….(11) 

     
2

EAIP
η


      ………………(12) 

       
2η

1
S              ……...........….(13)                                                      

And the electrophlicity index (ω) of the 

molecular is given by [21]:     

        
2η

χ
ω

2

                ………...(14) 

Results and Discussion  
Figure (1) shows the geometrical 

structure of BF3 (acceptor), CO (donor) 

and  BF3-CO (acceptor-donor) optimized 

at B3LYP density functional theory. The 

total energy in (a.u), symmetry and total 

dipole moment in (Debye) for studied 

molecules computed by B3LYP/6-31G(d, 

p) are presented in Table (1).   

 

                           
BF3 (A)                                         

 

 
CO (D) 

 

 
           BF3-CO (A-D) 

 
 Figure (1): The optimized structure of 

donor - acceptor system 

It is clear that from Table (1), the 

total energy for each molecule depends 

on the number of atoms in the molecule, 

it is decreasing with the increase of atoms 

number that the molecule included. Table 

(1) shows also the symmetry of studied 

structures, the trifluoroborane molecule is 

a planar with inversion center and it has 

D3h symmetry (high symmetry) with low 

total dipole moment (0.0004 Debye), 

while the carbon monoxide molecule has 

infinity Cinfv symmetry (low symmetry) 

and the donor-acceptor system has C3v 

symmetry with dipole moment equals to 

(0.6040 Debye). All donor, acceptor and 

acceptor-donor have not imaginary 

frequencies, this may refers to good 

geometrical optimization obtained from 

the best B3LYP with large 6-31G (d, p) 

level of theory. 
 

Table (1): Total energy, symmetry and total 

dipole moment for structures. 

 

Species 
Total Energy 

(a.u) 
Symmetry 

Total D.M.          

( Debye) 

CO (D) -113.325536206 Cinfv 0.0580 

BF3 (A) -324.589333620 D3h 0.0004 

BF3-CO 

(

A

-

D

) 

-437.917864584 C3v 0.6040 
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Table (2) declare the results of  

geometrical parameters included the bond 

length (in Angstrom) and bond angles in 

(degree). The computational levels of 

theory used in this work give good results 

of length linking between donor and 

acceptor, the bond B-C obtained from 6-

31G(d,p) equals (2.887Å) in a good 

agreement with experimental value  

(2.886 Å), F-B-F bond equals 120
o
 [15]. 

Other levels of theory gave approximately 

values of these parameters nearly to 

experimental results.  

 

 
Table (2): Bond lengths in Angstrom and angles 

in degree for donor-acceptor system. 

 

         Table (3) shows the values of the 

electronic states (HOMO and LUMO) 

and the energy gap (ELUMO – E HOMO) of 

trifluoroborane-carbonyl BF3-CO as a 

donor-acceptor system calculated by 

B3LYP density functional theory with 

many levels of theory. The energy gap for 

the new structure is take place in the 

range about (8.5-11.0) eV and the 

differences in the value of energy gap 

depend on the level used in calculation. 

Table (3) tells us that STO-3G give more 

larger value for band gap, this may be 

come from that level of theory is a small 

to describe the donor-acceptor systems in 

compared with large basis sets, such as, 

6-31G(d) and 6-31G(d, p) levels of 

theory. Figure (2) shows the shapes of 

HOMO and LUMO drawn from the 

calculations of 6-31G (d, p) basis sets, 

these shapes come from the distribution 

of electrons according to the linear 

combination atomic orbital-molecular 

orbital, the high value of electro-

negativity of fluorine atoms has the large 

contribution in HOMO and LUMO 

energies.  

 
Table (3): HOMO, LUMO and energy gap for 

donor-acceptor system. 

 
 

  
                       HOMO                                                                

 

 

       

    
      

                   LUMO  

 
Figure (2) : HOMO and LUMO of BF3-

CO structure. 

  

 

Property STO-3G 3-21G 4-21G 6-31G 
6-31G 

(d) 

6-31G 

(d, p) 
6-311G 

HOMO 

(eV) 

-

12.6805 
-12.0211 -9.3365 -11.1159 

-

11.05584 

-

11.07691 

-

11.7858 

LUMO 

(eV) 
-1.2269 -1.0065 -0.9885 -0.99854 

-

1.322479 

-

1.517773 
-1.2258 

Energy 

Gap (eV) 
11.4536 11.01464 8.34801 10.11738 9.733361 9.559137 10.56 

Speci

es 

Bon

d 

STO-

3G 

3-

21

G 

4-

21G 

6-

31G 

6-

31

G 

(d) 

6-

31

G 

(d, 

p) 

6-

311G 

Ex

p. 

[15

] 

CO C-O 1.142 
1.1

29 
1.128 1.129 

1.1

15 

1.1

26 
1.122 

1.1

28 

BF3 

B-F 1.310 
1.3

26 
1.318 

1. 

315 

1.3

09 

1.3

07 
1.308 

1.3

07 

F-B-

F 

119.9

90 

12

0.0 

119.8

80 

119.9

80 

12

0.0 

12

0.0 

119.9

88 

12

0.0 

BF3-

CO 

B-F 1.308 
1.3

20 
1.315 1.312 

1.3

07 

1.3

05 
1.306 

1.3

05 

B-C 2.835 
2.5

85 
2.602 2.625 

2.9

65 

2.8

87 
2.895 

2.8

86 

C-O 1.145 
1.1

25 
1.228 1.123 

1.1

18 

1.1

28 
1.122 

1.1

28 

F-B-

F 

119.9

90 

12

0.0 

119.8

80 

119.9

80 

12

0.0 

12

0.0 

119.9

88 

12

0.0 



JOURNAL OF KUFA – PHYSICS Vol.6/ No.1 (2014)                                        Nahida B. Hassan 
 

55 
 

The results of ionization potential 

(IP), electron affinity (EA), chemical 

potential (χ), electrophlicity index (ω) and 

charge transfer (∆N) are presented in  

 

Table (4). As we see from the above 

Table, the largest value of charge transfer 

( 0.65877) between two systems   ( donor 

- acceptor) was results by employing 

B3LYP/6-31G (d, p), this value 

corresponding to high ionization potential 

value (11.07691 eV). This level of theory 

give good result for electrophlicity index 

(ω = 4.148 eV), this may help to interact 

this system with effective surrounding 

molecular system. The amount of charge 

transfer in BF3 - CO donor - acceptor 

system results from other basis sets gave 

approximately the same few lower value. 

 
Table (4): Electronic properties for donor-

acceptor system. 

 
Prope

rty 
STO-3G 3-21G 4-21G 6-31G 

6-31G 

(d) 

6-31G 

(d, p) 

6-

311G 

IP 

(eV) 

12.680

5 

12.021

1 
9.3365 

11.115

9 

11.055

84 

11.076

91 

11.78

58 

EA 

(eV) 
1.2269 1.0065 0.9885 

0.9985

4 

1.3224

79 

1.5177

73 

1.225

8 

χ (eV) 
-

6.9537 

-

6.5138 

-

5.1625 

-

6.0572

2 

-

6.1891

59 

-

6.2973

41 

-

6.505

8 

W 

(eV) 

4.2217

24 

3.8521

08 

3.1925

46 

3.6264

24 

3.9355

04 

4.1485

44 

4.008

09 

∆N 
0.6071

19 

0.5913

76 

0.6184

10 

0.5986

94 

0.6358

70 

0.6587

7 

0.616

07 

 

The results of exact polarizability 

obtained from the calculations for donor, 

acceptor and donor- acceptor system 

using B3LYP density functional theory 

with 6-31G (d, p). High polarizability 

means high chemical reactivity. The 

donor - acceptor system has more 

reactivity than other species in which the 

polarizability of this system is 

approximately twice the polarizability of  

the donor and acceptor, as we see in Table 

(5). So the results satisfy that the tensors 

of polarizability in three dimensions are 

αxx < αyy < αzz . 
 

 

 

 

Table (5): Average polarizability for         

donor-acceptor system. 
 

Species 
Polarizability ( a. u) 

αxx αyy αzz αave 

BF3 13.542 17.507 17.509 16.186 

CO 11.908 11.908 15.420 12.968 

BF3 - CO 27.742 27.743 32.843 29.442 

 

Figure (3) represents the IR spectrum 

for BF3-CO donor-acceptor system. The 

number of modes was calculated by the 

relation 3N-6, where N is the number of 

atoms in the structure, the bending of B-C 

bond lies at (650.29 cm
-1

). For B-F bond, 

the stretching of   B-F bond lies at 

(873.83cm
-1

) and the bending is at 

(1436.83 cm
-1

) in which it corresponds to 

intensity (398.9994 Km/mol). The large 

value of frequency (2222.75 cm
-1

) for the 

stretching of C-O bond and it corresponds 

to (77.999 Km/mol) infrared intensity. 

 
 

 
 

Figure (3): The IR spectrum of BF3-CO 

donor - acceptor system. 

 

Conclusions  

 The density functional theory 

used in this study is a powerful method 

and B3LYP functional is a suitable and an 

efficient function for studying the 

electronic properties of these structures. 

6-31G (d, p) give a good agreement 

results for geometrical parameters with 

experimental data. The geometric 

structures, symmetry and total energies             
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donor - acceptor system show that this 

structure is more stable and has high 

symmetry.   The donor - acceptor system 

has large average polarizability 

comparing with donor and acceptor and 

this system has high reactivity  than 

others. The results obtained in this work 

help us to select a type of bridges to 

interact the donor and acceptor to 

calculate the physical properties of donor-

bridge-acceptor. 
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