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ABSTRACT 

The molecular structure of 1,2-diphosphinoethane conformers have been studied in the gas phase. The ab initio 
Hartree-Fock with 6-31G* basis set and the Moller-Plesset second-order MP2/6-311G* were applied. Twelve 
conformers have been located on the potential energy surface. The Geometries, the total electronic energy, HOMO, 
LUMO, HOMO-LUMO gap, 1st; 2nd ; 3rd; Ionization energy and harmonic frequency have been investigated. Structure 
I C2h was the global minima on the potential energy surface. The IX C2v structure was predicted to have the highest 
energy on the surface. The total electronic energy, HOMO-LUMO gap and the first ionization energy supported the 
stability of IX C2v structure.  The results of the harmonic frequency of I C2h structure were in good agreement with the 
experimental stretching frequencies values. The thermochemistry calculations gave the zero-point vibrational energy 
for I C2h at 62.23 kcal mol-1. The introduction of MP2/6-311G* is clearly effected the energy of V C2 and VI Ci 
structure which may attributed to the gauche effect.  
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INTRODUCTION 
The need for new catalysts and related materials have never been satisfied by conventional methods. It has 
long been recognized that changing substituent on phosphorus ligands can cause marked changes in the 
behavior of the compounds. Chiral phosphorus ligands play an important role in various transition 
metal-catalyzed asymmetric reactions, and many effective chiral phosphorus ligands have been synthesized 
in recent years. These ligands were proven to be highly efficient for rhodium- and ruthenium- catalyzed 
asymmetric hydrogenations of prochiral olefins and ketones with excellent enantioselectivities1. Even more, 
the chiral mixed phosphorus/sulfur ligands have been shown to be effective in enantioselective 
Rh-catalyzed dehydroamino acid hydrogenation and ketone hydrosilation reactions2. The synthesis of 
P-modular homochiral diphosphane based on 1,2-disubstituted-cyclopentane framework and their 
applicability in asymmetric hydrogenation is reviewed3. The ligand effects can have a dramatic influence 
on the reaction parameters, e.g. rate and regioselevtivity. Therefore, extensive studies have been carried out 
on their steric and electronic properties, related to steric influence the cone angle had been introduced4 and 
the natural bite angle was developed as an additional characteristic5. 1,2-bisphosphinoethane has been 
prepared and fully characterized6. The methane analogue (bisphosphinomethane) had been investigated 
experimentally by electron diffraction and by photoelectron spectroscopy, as well as theoretically by self 
consist field (SCF)7. Therefore, fewer theoretical calculations have been carried out on 
bisphosphinomethane8. No theoretical calculation has been reported for 1,2-bisphisphinoethane in the 
literature.       

EXPERIMENTAL 
The Computational analysis, The molecular modeling studies were carried on a Intel ( R) Core(TM)Duo 
CPU 2.66GHz and 3.00GB of RAM. Ab initio calculations at HF/6-31G* and MP2/6-311G* basis sets 
were performed by HyperChem V.7.09, using the Polak-Ribiere algorithm. The geometries of all 
conformers were fully optimized at the HF/6-31G* level of theory. The harmonic frequency calculation on 
I C2h conformer was carried out at this level; the optimized structure was confirmed to be real minima by 
frequency calculation (no imaginary frequency). The vibrational frequencies were scaled by a factor of 
0.892910. The zero-point vibrational energy contribution is also considered for I C2h. Single point 
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calculations were then performed at the MP2/6-311G* level for all conformers which are optimized at the 
HF/6-31G* level. 
 

RESULTS AND DISCUSSION 
The selected structural parameters along with the dipole moment of the fully optimized 
1,2-diphosphinoethane conformers are given in Figure 1., and Table 1. From the twelve conformers under 
investigation in this paper, the most stable conformer was I(C2h) and the lowest stable conformer was 
IX(C2v) which were considered for the geometry analysis. The experimental bond lengths and bond angles 
for the methane analogue (diphosphinomethane) has been investigated by electron diffraction techniques7. 
The optimized calculated values at HF/6-31G* level of theory for bond lengths and bond angles are in 
conformity with the reported experimental values, which are indicated the write chose for the methodology. 
The lowest energy structure I has C2h symmetry with phosphorus lone pairs as far from each other as 
possible, with the P-P distance equal to 4.62 Å. The conformers II, III, IV, V and VI were generated from 
I(C2h) structure. The conformers were exhibted the longest P-P distance, for instance, the P-P distance in 
I(C2h) is 4.62 Å. The structure IX(C2V) is generated five conformers VII, VIII, X, XI and XII. The 
conformers were exhibted the shortest P-P distance, for example the P-P distance in IX(C2V) structure is 
3.42 Å. From geometry table it was noted that the P-C value is slightly longer in IX than in I while the bond 
lengths to hydrogen differ little. The charges on the phosphorus atoms in IX and I are close and equal to 
0.236 and 0.215 , while the charges on the C atoms are -0.558 and -0.529 assigned for IX and I conformer 
respectively. 
The conformers I, III and IV with the phosphorus atoms staggered have a plane of symmetry, and their 
PCCP dihedral angles are equal to 180 in each one. The other three forms namely, II, V and VI have the 
same dihedral angle. The conformers have either a PH2 group rotated out of the PCCP plane II or have the 
PCCP fragment non-planar V and VI. There were two conformers II and VI considered above the C2h 
structure have the PH2 group rotated.  The II and VI conformers were possessed the same energy 4.18 KJ 
mol-1 above the global minimum C2h. The next higher energy conformer was V, at 4.97 kJ mol-1 above I, in 
which it has a PH2 moiety out of the CCP plane. Thus each PH2 group rotation from the global minimum I 
by 180º raises the energy by 9.94-11.04 kJ mol-1. The final six conformers with the eclipsed phosphorus 
atoms were the highest energy forms. They all have a plane of symmetry in the PCCP moiety. VII was 
formed from I by the rotation around the C-C bond by 180º. This raises the energy to 33.57 kJ mol-1. The 
rotation of one PH2 group by 180º raises the energy by 7.85 kJ mol-1 structure VIII, while rotating the other 
PH2 group by 90º raises the energy by 6.06 kJ mol-1 structure X. Structure XI were generated from VII by 
rotating both PH2 groups by 90º which raises the energy by 2.09 kJ mol-1. XII conformer is considered as an 
intermediate structure since its dihedral angle (PCCP) is equal 69.6º, it is between 0.0 and 180º which is 
measured for structure VII and I respectively. Since, the PCCP plane is disturbed in XII structure the energy 
was decreased to 14.38 kJ mol-1 below the energy of VII structure. 
Finally, the rotation of both PH2 groups of VII by180º, so that both phosphorus lone pairs are close, raises 
the energy further to 22.57 kJ mol-1. This was the highest energy conformer considered with energy value of 
56.14 kJ mol-1 above the lowest energy form I.  
Thus IX has the geometry that the 1,2-diphosphinoethane molecule would have in a metal complex, if it 
were acted as bidentate ligand. In IX the P-P distance is 3.43 Å. It is noted that in all cases the first two 
ionization energies differ little Table 2., these correspond to removing the lone pairs on the phosphorus 
atoms. The IX structure has the lowest 1st ionization energy, HOMO and LUMO. The HOMO-LUMO gap 
is clearly confirmed that the IX structure is the least stable. The relative energies results of the conformers 
are summarized on Table 3., and Figure 2. The results revealed that the energy trend of the conformers was 
identical at the two level of theory. Since, I C2h structure has the highest energy and IX C2v has the lowest 
energy in the series at the HF/6-31G* and MP2/6-311G* level of theory. The introduction of Moller-Plesset 
second-order electron correlation is clearly affected the energy of V C2 and VI Ci structure which may 
attribute to the gauche effect.  
The harmonic frequency of I C2h conformer has been investigated fully at HF/6-31G* level. The raw 
frequency values computed at Hartree-Foock level contain known systematic errors due to the neglect of 
electron correlation, resulting in overestimates of about 10%-12%., Therefore, it is usual to scale 
frequencies predicted at the Hartree-Fock level by an empirical factor of 0.8929. Table 4., summarized the 
calculated result of the vibrational frequencies and their assignments. The thermochemistry calculation is 
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showed that the Zero-point vibrational energy is 62.23 kcal mol-1 for the I C2h structure.  
 
 

I (C2h) II (C1) III (Cs)

IV (C2h)

VII (C2v) VIII (Cs) IX (C2v)

X (C1)

V (C2) VI (Ci)

XI (Cs) XII (C1)
 

Fig.-1:The structures of 1,2-diphosphinoethane conformers. 
 
The experimental infrared spectra of 1,2-bisphosphinoethane in the gas phase6, showed a strong P-H stretch 
at 2292 cm-1. The remaining bands were occurred at 2920, 1085, 930, 838, 820 and 670 cm-1. The computed 
harmonic frequencies of I C2h were in good agreement with the assignments of the experimental infrared 
spectra, for example, the P-H stretch are located at 2292 and 2312 cm-1 assign for experimental and 
theoretical spectra respectively.    
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Fig.-2: The schematic potential energy profile for the conformers. 

Table-1: The geometries, atomic charges (q), Bond length (Å), bond angle (º) and molecular dipole moment (µ) in 
(Debyes) for the selected structures. 

  

 
Table-2: The Ionization potentials, HOMO, LUMO and HOMO-LUMO gaps for the structures. 

 
 
 
 
 

Molecule C-H P-H P-C PCH CPH PCCP qC qP qH(C) qH(P) µ  
I (C2h) 1.088 1.404 1.867 107.1 98.4 180 -0.529 0.215 0.190 -0.033 0.0  

IX (C2v) 1.082 1.404 1.889 107.1 97.8 0.0 -0.558 0.236 0.196 -0.035 2.5  
Experimental 1.064 1.428 1.854 108.7 102.3 - - - - - -  

Structure IE 1st, 2nd 3rd /eV LUMO/eV HOMO/eV H-L gap/eV 
I (C2h) 9.27   10.45   12.48 4.43 (6Bu) 9.27 (5Ag) 13.70 
II (C1) 9.56   9.98   12.37 4.30 (26A) 9.56 (25A) 13.86 
III (Cs) 9.62   9.88   12.42 4.27 (20A’) 9.62 (19A’) 13.83 
IV (C2h) 9.63   9.80   11.93 4.10 (6Ag) 9.63 (5Bu) 13.73 
V (C2) 9.73   9.89   12.05 4.08 (8A) 9.73 (7A) 13.81 
VI (Ci) 9.77   9.85   12.04 4.07 (8Ag) 9.77 (7Au) 13.84 
VII (C2v) 9.60   9.93   12.12 4.46 (11A1) 9.60 (9B2) 14.06 
VIII (Cs) 9.46   9.80   12.33 4.30 (20A’) 9.46 (19A’) 13.76 
IX (C2v) 9.00   10.18   12.39 3.81 (3B1) 9.00 (5B2) 12.81 
X (C1) 9.17   10.15   12.28 4.08 (26A) 9.17 (25A) 13.25 
XI (Cs) 9.20   10.27   12.18 3.96 (8A’) 9.20 (7A’’) 13.16 
XII (C1) 9.37   10.04   12.52 4.08 (26A) 9.37 (25A) 13.45 
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Table-3: The relative energies in (kJ mol-1) of the conformers. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The energy for I(C2h) structure at HF/6-31G* is -761.8106 a.u, and  at MP2/6-311G* is -762.6545 a.u. 

 
Table-4: The calculated harmonic frequency for I(C2h) structure. 

Frequency Intensity Symmetry Assignments 
2901 as 
2858 s 

27 
34 

7Au 
8Bu 

C-H Str. 

2312 s 
2304 as 

203 
288 

7Bu 
6Au 

P-H Str. 

1442 as 
1438 s 

6.25 
0.0 

6Bu 
7Ag 

H-C-H Ben. 
 

1116 s 
1113 as 

0.0 
55.189 

5Ag 
4Bu 

H-P-H Ben. 

997 0.0 4Ag C-C Str. 
660 as 
651 s 

8.5 
0.001 

2Bu 
2Ag 

P-C Str. 

268 s 
195 as 

0.0 
2.947 

1Ag 
1Bu 

P-C-C Ben. 
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