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Abstract: The 2,3-dimethyl hexane conformational isomerism has been investigated in detail, based on HF, 

Post-HF and DFT calculations at different basis set. The effect of size of basis, ZPE, thermal contributions, 

electronic correlation and optimization methods on the conformational stability was discussed. The rotational 

barriers from the most stable conformer to the lowest energy secondary conformers and their correspondent 
inversion barriers at both HF and MP2 methods using 6-31G* basis set have also been approached. A normal 

mode calculation of the most and less-stable conformers using a scaled ab initio force field in terms of non-

redundant local symmetry coordinates have been made to elucidate the conformational dependence of the 

vibrational spectra. 

 

Keywords: Ab initio; Functional density theory; Conformational isomerism; Vibrational spectra; normal modes 

calculation; Scaled ab initio local symmetry force field. 

 
Introduction 

 
Branched alkanes having a chain length 

exceeding 7 carbons are commonly found in 

conventional petroleum as hydrocarbon fuels and 

Fischer-Tropsch (FT) chemical reaction. Before 

studying the combustion of real fuels based on their 

oxidation under specific conditions of temperature 

and pression inside the combustion chamber, it’s 

essential to locate the steric zones hindering the 

abstraction of the hydrogen radicals during the 

oxidation for isolated molecule.  Such study can also 

be focused towards understanding the relationship of 

permeation and selectivity with structure of organic 

polymer membranes as well as copolymer network 

interaction 
1,2

. Because of the rotational isomerism 
problem, manifested by flexible molecules such as 

dimethyl hexanes, it’s necessary to identify the right 

computational method for modeling their 

conformations and reproducing their 

thermochemical and vibrational properties as 

sources of confirmation 
3,4

. Further, a special interest 

is given to dimethyl hexanes conformational and 

vibrational analyses owing to their use for 

development of therapeutical macromolecules force 

fields. 

To the best of our knowledge, neither quantum 

chemical calculations, nor the vibrational analysis 

study of 2,3-dimethylhexane has been reported yet. 

This deficiency observed in the literature 

encouraged us to carry out a complete assignment of 

the observed rich infrared and Raman spectra of this 

molecule after determining the most stable 

conformer and the secondary ones.  

We first considered the effect of the correction of the 

zero-point vibrational energy (ZPE) which is the 

vibrational energy at 0k, and the thermal correction 

(CT) on the internal energy (E) of the calculated 
conformations. Second, we studied the sensitivity of 

the internal energy to the basis set taking into 

account the d polarization functions on carbon atoms 

without (6-31G*) and with p polarization on 

hydrogen atoms (6-31G**), the optimization method 

(HF and MP2) and the electron correlation of DFT 

and Post-HF methods. The rotational barriers from 

the most stable conformer to the lowest energy 

secondary conformers and their correspondent 

inversion barriers at both HF and MP2 methods 

using 6-31G* basis set have also been approached.  

On the other hand, as the relationship 

between a vibrational spectrum and the 

corresponding structure, is not direct, the GF 

empirical formalism of Wilson 
5,6

 was used. 
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Moreover, the scaling of the ab initio force field and 

the optimization of its scale factors were performed 

in order to provide a good agreement between the 

calculated and observed frequencies. Indeed, the ab 

initio calculated frequencies are relatively larger 

than the corresponding experimental values. This is 

partly due to neglect of anharmonicity and partly of 

the approximative nature of quantum mechanical 
methods (degree of neglect of electron correlation 

and basis set truncation). A normal mode calculation 

of the most and less-stable conformers of 2,3-DMH 

using this force field in terms of non-redundant local 

symmetry coordinates has been made. Contrary to 

our approach where about fourteen scaling factors 

were used for matching the computed frequencies 

with experimental ones without taking into account 

the vibrational infrared and Raman intensities, 

recently, just one scaling factor is considered for the 

assignment, but largely facilitated by a substantial 

effort towards modeling the vibrational               

intensities 
7-9

. After providing all computational 

details, the calculation results will be discussed 

explicitly. 

 
Computational details 

 
To understand the extension of basis set, the 

electron correlation and the optimization effects on 

the relative stability, we have performed the MP2, 

MP3 and MP4 (DQ) energy calculations at both HF 

and MP2 optimized geometry with different basis 

set. LDA level and various gradient correction 
schemes (B3P86, B3PW91, BLYP, B3LYP) were 

also carried out. Geometry optimizations at HF/6-

31G* and B3LYP/6-31G* were followed by 

frequencies calculations at the same levels to obtain 

ZPE and thermal contributions in the total internal 

energy Etot , in addition to enthalpy H (no scaling 

vibrational frequencies was applied) knowing that 
10

: 

CTEEE ZPEtot 
 

 

RT

kT

h

h
NTC

i i

i 3

exp1

. 0 



















 




 
 


i

ihN 
2

1
E 0 ZPE  

where N is the Avogadro number, R the gas 

constant, and for one mole of an ideal gas:

  

RT

kT

h

h
NEEH

i i

i
ZPE 4

exp1

0 



















 




 

The carbon positions for each isomer are well 
known by evaluating the three central C-C bonds  

1 = C1-C2-C3-C4, 2 = C2-C3-C4-C5 and 3 = C3-

C4-C5-C6. The torsional angle 1 is taken to be 
positive if, when looking from C2 along C2-C3 

bond, C4 is in the clockwise sense with respect to 

C1. The initial configuration and backbone torsional 

angles, as well as the numbering of the carbon 

atoms, are shown in Fig.1. In order to explore 

widely the space of configurations and generate a 

maximum of combination of terminal group 

positions, we have assigned 180°, +60° and -60° to 

each of 1, 2 and 3. Each conformation among 
twenty seven possible conformations obtained was 

then optimized at HF/6-31G using the method of 
complete relaxation without any symmetry 

constraint. 

 
Figure 1.  Numbering of the carbon atoms and 
definition of the torsional angles for 2,3-DMH 

 

Normal mode calculations were carried out 

using the Wilson GF method. Force constants were 

obtained in Cartesian coordinates and transformed in 

term of non-redundant local symmetric coordinates 

in order to be transferred unchanged between 

conformers of each molecule. Indeed, the vibrational 

results of n-pentane and n-hexane obtained with 

these scale factors defined in terms of local 

symmetry coordinate (scale ab initio local symmetry 
force field SALSFF) were found slightly better than 

those obtained in terms of internal coordinates 
11

. 

The complete force field in Cartesian coordinates 

was determined by ab initio molecular orbital 

calculations at HF/6-31G after optimizing the 

equilibrium geometries at the same level of theory. 

According to Mirkin and Krimm vibrational analysis 

on a series of n-alkanes and some branched alkanes 

(less than 6 carbons) 
11,12

, it showed that HF/6-31G 

gives more accurate results (eigen vectors and 

interaction force constants) than HF/6-31G* and 

equivalent to MP2/6-31G*. All the above 

computations were performed using the Gaussian 

2003 program package 
13

, the program GAR2PED 

was used to obtain a potential energy distribution 

from a Gaussian archive record 
14

. 

 
Results and discussion 
 

The 2,3-dimethyl hexane is the most rich 

molecule in the series of dimethyl hexanes in term of 

conformation. The most stable conformer 

A(1=68,2=163,3=-176) (HF/6-31G optimized 
geometry) has a six carbons chain in trans 
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configuration  ramified by two adjacent methyl 

groups on the same side as presented in Fig. 2. The 

same figure shows also all 3D secondary conformers 

with their Newman projections within a relative 

internal energy range of 1 kcal/mol, which are:  

B(1=-70,2=163,3=-177), C(1=64,2=58,3=172), 

D(1=167,2=159,3=180) and E(1=-176, 2=-61, 

3=-178). The two conformers B and C are very 
close to A (difference of about 0.2 kcal/mol). 

Another group of conformers with extremely close 

energies contains D and E conformers while the 

relative energies of conformations destabilized by 

Syn-pentane interaction 
15

 exceed 1.8 kcal/mol. It 
should be noted that the conformer D is less stable 

than conformer A, even both branching methyls are 

not on the same side with respect to the trans main 

chain. 

Regarding ZPE, thermal contribution to internal 

energy and enthalpic energy, they have an effect 

barely perceptible on the HF/6-31G* conformational 

stability ordering and no effect on B3LYP/6-31G*
 

one 
16

 (Tab. 1). Furthermore, the correlation of the 

relative energies of 2,3- DMH conformers obtained 

at various methods using different basis sets are 

discussed in more detail in Figure 3, Tab. 2 and     

Tab. 3 collected the post-HF and DFT results only at 

6-31G**.

 

Table 1.  ZPE and thermal contribution in relative energies and relative  enthalpies (kcal/mol) for 2,3-DMH 

conformers calculated with HF and B3LYP/6-31G* methods. 

 

Conf. 

HF/6-31G* B3LYP/6-31G* 

E (E+ZPE) H E (E+ZPE) H 

A 0 0         (164.90)(a) 0       (172.10)(b) 0 0       (154.90)(a) 0        (162.39)(b) 

B 0.11 0.13    (164.92) 0.11  (172.10) 0.13 0.10  (154.88) 0.10   (162.35) 

C 0.19 0.31    (165.02) 0.23  (172.14) 0.22 0.19  (154.87) 0.17   (162.34) 

D 0.82 0.92    (164.99) 0.83  (172.11) 0.58 0.56  (154.88) 0.54   (162.35) 

E 0.81 1.06    (165.14) 0.90  (172.19) 0.80 0.78  (154.88) 0.73   (162.32) 

F 1.02 1.21    (165.09) 1.11  (172.18) 0.86 1.01  (154.05) 0.95   (162.47) 

G 1.10 1.21    (165.09) 1.11  (172.22) 1.03 1.10  (154.97) 1.03   (162.38) 

H 1.17 1.38    (165.18) 1.22  (172.20) 1.06 1.09  (154.93) 1.06   (162.39) 

I 1.74 1.37    (165.09) 1.27  (172.23) 1.38 1.52  (154.05) 1.44   (162.45) 

E+ZPE is the internal energy taking account ZPE correction at 0K;  

H is the enthalpy taking account the thermal contribution at 298K and 1atm. 
a, b

 Data in parentheses are respectively values of unscaled zero point energy and thermal contribution in hartree. 
 

Table 2. Electronic energy (hartree) of the most stable conformer A and the relative energies (kcal/mol) of 

secondary conformers  for different ab initio methods, with HF (a) and MP2 (b) optimization, involving 6-31G** 

basis set. 

Conformer Level of calculation 

HF//HFa MP2//HF MP3//HF MP4 (DQ)//HF 

A -313.45798 -314.63630 -314.72697 -314.73199 

B 0.12 0. 03 0.04 0.04 

C 0.18 -0.09 -0.01 -0.02 

D 0.84 0.61 0.62 0.66 

E 0.82 0.19 0.34 0.33 

                                                                                   HF//MP2b MP2//MP2 MP3//MP2 MP4(DQ)//MP2 

A -313.45729 -314.63694 -314.72728 -314.73239 

B 0.12 0.01 0.03 0.03 

C 0.29 -0.19 -0.06 -0.07 

D 0.81 0.63 0.62 0.67 

E 0.88 0.13 0.31 0.31 
 

Table 3.  Electronic energy (hartree) of the most stable conformer A and the relative energies (kcal/mol) of 

secondary conformers  for  DFT methods, involving 6-31G** basis set. 

Conformer Level of calculation 

SVWN//SVWN B3P86//B3P86 B3PW91//B3PW91 BLYP//BLYP B3LYP//B3LYP B3LYP//HF 

A -313.97364(a) -316.94203 -315.62087 -315.49803 -315.73336 -315.73215 

B           0.13 0.14 0.13 0.12          0.13      0.15 

C         -0.25 0.16 0.20 0.24          0.21      0.23 

D          0.20 0.53 0.57 0.52          0.57      0.61 

E         -0.03 0.65 0.77 0.89          0.79      0.80 
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Figure 2. Stable conformations of 2,3-DMH
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Figure 3. The correlation of the relative energies of 2,3- DMH conformers (A-I) obtained at various methods 
using 6-31G, 6-31G* and 6-31G** basis sets.   

 
Table 5.  Values (kcal/mol) of  possible rotational barriers from the most stable conformer to the lowest energy 

secondary conformers and their correspondent inversion (in parentheses) barriers for 2,3-DMH. 

 AB AD AC 

HF/6-31G* 8.76 (8.65) 3.78 (2.96) 2.01 (1.84) 

MP2/6-31G* 8.64 (8.63) 4.05 (3.44) 2.15 (2.28) 

 
As can be seen, HF and DFT (other than LDA) 

give relative energies values higher than MPn, 
except for D conformer. In the same way, the 

stability ordering was modified by MPn calculations 

as E became more stable than D and G more stable 

than F. The basis set extension consolidates this 

change, giving in addition, C more stable than A at 

6-31G**. We noticed also that the optimization 

method has no effect on stability ordering, even it 

affects substantially MP2 relative energies of the 

secondary conformers like C, E, F and G. For 

instance, a decrease going until 0.2 kcal/mol is 

observed for G at 6-31G**. Except for LDA where 
the relative energy values are very weak, the 

conformational stability ordering for DFT methods 

is similar to HF. Increase going until about 0.3 

kcal/mol is observed from B3P86 to BLYP for G 

conformer at 6-31G* or at 6-31G**. As an 

illustration, the three central torsional angles values 

for the optimized conformers A-E at MP2//MP2/6-

31G** and B3LYP/B3LYP/6-31G** were collected 

in Table  4. 
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In reality, the differences observed between HF, 

post HF and DFT are due to the fact that HF method 

neglects static and dynamic correlation, DFT 

functionals associate a portion of exact HF exchange 

to an ab initio or empirical exchange and correlation  

while the explicitly correlated methods like MPn use 

anti bonding configurations. In addition, the DFT 

functionals investigated here for comparison, are 
doubtful in the evaluation of van der Waals 

interactions which play a prominent role during the 

conformers determination, especially when some 

conformers possess congested structures 
17,18

. 

On another aspect, the rotational barriers from 

the most stable conformer A to the lowest secondary 
conformers and their correspondent inversion 

barriers have been evaluated at both HF and MP2 

methods using 6-31G* basis set, the optimization 

methods were respectively HF and MP2. In n-

butane, the experimental value is 3.62 kcal/mol 
19

 

with calculated values being 3.49 
20

 and 

3.31kcal/mol 
21,22

. In their work, Mirkin et al. found 

a good agreement between experimental values and 

MP2/6-31G* rotational barriers which were 

relatively larger than HF/6-31G* or HF/6-31G             

ones 
18,23

. Concerning 2,3-DMH, the one-

dimensional rotation from A leads to the following 

conformational changes:  

Around C2C3 bond:  

A (1=68, 2=163, 3=-176) → B (1=-70, 2=163, 

3=-177)  

A (1=68, 2=163, 3=-176) → D (1=167, 2=159, 

3=180).  
Around C3C4 bond:  

A (1=68, 2=163, 3=-176) → C (1=64, 2=58, 

3=172)  

For the latter for example, the torsion angle 2 

was kept at constant value from 45° to 190° , in 5° 

intervals, all the other bond lengths and angles were 

optimized. (Fig. 4). 

According to the collected values in Tab. 5, 

MP2/6-31G* rotational barriers corresponding to A 

→ C and A → D transitions are larger than HF/6-

31G* ones, the difference has reached for the latter 

about 0.3 kcal/mol, this difference is more important 

for the inversion rotational barrier since it reaches 

0.5 kcal/mol. However, MP2/6-31G* rotational 

barrier for A → B transition decreases slightly while 

its inversion rotational barrier remains unchanged. 

Moreover, the high values of A → B rotational 

barrier and its inversion are due to the strong 

interaction of the C1C2C7 isopropyl group with the 

C4C3C8 group. Unfortunately, there are no 

experimental values for these barriers. 

During the refinement of the ab initio normal 

modes frequencies, the 2,3- DMH scale factors of 

HF/6-31G force constants were optimized in order to 

obtain the lowest rms deviation. Their values 

 collected in Tab. 6 are almost the same as those 

obtained by Mirkin and Krimm for n-alkanes and 

some congested branched alkanes 
11,12

, the most 

important difference does not exceed 10% and 

concerns CCC bending and CC torsion. Raman and 

IR frequencies in liquid phase as well as the 

calculated frequencies at HF/6-31G level are listed 

in Tab. 7. The PED (contributions  10%) for the 
most stable conformer A is given, except when its 

band doesn’t exist, in which case the PED listed is 
for the existing lowest energy conformer. On the 

whole, the computed scaled frequencies are in good 

agreement with the experimental data leading rms 

deviation, not exceeding 6 cm
-1

 for frequencies 

below 1500 cm
-1

. As the molecule 2,3-DH contains 

4 CH3, 2CH2 and 2 CH, its different vibration modes 

are subdivided in two groups. The first group        

(18 modes) contains 8 degenerate asymmetric 

stretching CH3as (in plane and out of plane),             

4 symmetric stretching CH3ss, 2 asymmetric 

stretching CH2as, 2 symmetric stretching CH2ss and 

2 CH stretching (CHs). All these modes are pure, 

except CH2ss and CHs, characterized by the 

predominant contribution of one to the other. The 

second group contains, as pure modes or in 

combination, 8 degenerate asymmetric deformations 

CH3ab (in plane and out of plane), 5 symmetric 
deformations CH3sb, 8 degenerate rocking CH3r (in 

plane and out of plane), 2 CH2tw twisting, 2 CH2ro 

rocking, 4 CCH defCH (in plane and out of plane) 

deformations as well as all related CC stretching and 

CCC deformations. 

Based on the HF/6-31G scaled ab initio 

vibrational computations for the conformer A      

(Tab. 7), CH3ab was located as pure mode from 

1386 to 1367 cm
-1 

and combined with CH2b from 

1466 to 1443 cm
-1

, CH3sb appears from 1386 to 

1367 cm
-1

, essentially alone or, to a lesser extent, 
combined with CH2wa while HCC deformation 

DefCH of the two tertiary carbons appears alone or 

combined with CH2wa from 1354 to 1262 cm
-1

. As 

an illustration, DefCH contributes predominantly in 

the calculated modes 1350 (51%) and 1342 (52%), 

observed respectively at 1354 and 1337 cm
-1 

while it 

contributes with CH2wa and/or C2C3 stretching 

from 1320 to 1260 cm
-1

. Furthermore, the CC 

stretching acts within the range 1200-720 cm
-1

, 

essentially in combination with CH3r and CH2ro, 

knowing that the latter mainly concerns the lower 

limits. The most important modes involving 

predominately CC contributions were calculated at 

1055 (56%), 1005 (53%) and 756 (56%) and 

observed at 1051, 1009 and 776 cm
-1 

respectively. 

Concerning the CCC deformation, it appears in 550-

280 cm
-1 

 interval, except for the deformation mode 
of the central skeleton, to which contribute C2C3C4, 

C3C4C5 and C4C5C6 deformation coordinates, 

calculated at 148 like CC torsions, which are located 

globally in the range 260-30 cm
-1
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Figure 4  HF/6-31G* (•) and MP2/6-31G* (○) 
rotational barriers for: 

  (): A (70,160,180)  D (170,160,180) 

(): B (-70,160,180)  A (70,160,180) 

    (): C (60,60,170)  A (70,160,180) 
 

Table 6  Local symmetry coordinates scale factors 

for HF/ 6-31G constants and B3LYP/6-31G 

constants of conformers of 2,3-DMH. 

Symmetry 

coordinates 

HF/ 6-31G B3LYP/6-31G 

CCs 0.871 0.976 

CH3s 0.830 0.909 

CH2s 0.815 0.900 

CHs 0.825 0.916 

CH3sb 0.760 0.891 

CH3ab 0.780 0.897 

CH3r 0.771 0.909 

CH2sb 0.768 0.893 

CH2ro 0.809 0.889 

CH2wa 0.775 0.894 

CH2tw 0.784 0.914 

CCCb 0.825 0.936 

Def CH 0.763 0.925 

CCt 0.979 1.112 

 

In order to complete our conformational 

analysis, the normal modes of secondary conformers 

based on the same HF/6-31G scaled ab initio force 

field as the conformer A were determined. We have 

noticed that all the observed frequencies were 

reproduced by the vibrational mode calculation of A, 

B, C and D conformers, together. Indeed, almost all 
bands are common of these conformers, however 

certain bands were found specific to secondary 

conformers such as: 

- the observed bands 1146 and 1124 cm
-1

 which 

correspond to modes due essentially to methyl 

rocking, the former was calculated at 1139 for  C, 

1153 for D while the latter was calculated at 1132 

for A, 1129 for B. Thus, the band 1146 was 

reproduced by normal mode calculation for C and D 

while normal mode calculation of A and B 

reproduce 1124 cm
-1

 observed band. This situation 

was also found for (868, 861) observed pair of 

bands.  

- the observed bands 789 and 776 cm
-1 

which is due 

essentially to CC stretching, the former was 

calculated at 784 for  D while the latter was 

calculated at 756, 754 and 752  for A, B and C 
respectively. The same situation was found for 

(1039, 1031) and (740, 719) observed pairs of bands. 

- the observed bands 1146 and 1124 cm
-1 

which 

correspond to modes due essentially to methyl 

rocking, the former  was calculated at 1139 for  C 

and 1153 for D, and the latter was calculated at 1132 

for A and 1129 for B. This situation was also found 

for (868, 861) pair of bands.  

- the observed bands 995, 981 and 971 cm
-1

, due 

essentially to methyl rocking, were calculated 

respectively at 991 for  C, 980 and 986 for A and B, 

and at 968 for D.  

For comparison, the B3LYP/6-31G vibrational 

analysis was also performed (Tab. 8), its rms (4.5 

cm
-1

) was found comparable to HF/6-31G one (5.7 

cm
-1

) for no CH stretching. Moreover, the 

frequencies predicted by HF/6-31G and B3LYP/6-

31G rarely differ by more than 5 cm
-1

. Furthermore, 

both the two methods reproduce, almost the same 

potential energy distribution for all normal modes, 

essentially for the predominant contributions, except 

the mode observed at 995 assigned to C conformer, 

calculated by HF/6-31G at 991 as methyl rocking 

and by B3LYP/6-31G at 995 as CC stretching. In 

terms of conformational analysis, B3LYP/6-31G 

gives the same list of pair of bands sensitive to 

conformational stability. It should be noted, 

however, that the most important difference between 

the two methods was found in the values of the scale 
factors. The increase of scale factors of B3LYP/6-

31G compared to HF/6-31G ones can sometimes 

reach up to 20 % such as the scale factors of the 

CH2wa and CCC deformation (Tab. 6). 
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Table 7. Observed and calculated HF/6-31G frequencies (cm
-1

) of 2,3 DMH. 

  (obs)             (Calc) Potential energy distribution (PED) a,b 

 A B C D  

* 1477 1474 1475 1486 C8H3ab1(58)-C7H3ab2(18) 

1466 1473 1472 1473 1475 C1H3ab2(45)C8H3ab2(14)C7H3ab2(13)C7H3ab1(11) 

1466 1472 1469 1472 1469 C1H3ab1(37)-C7H3ab1(32)C8H3ab2(19) 

1466 1468 1467 1468 1468 C6H3ab1(53)-C5H2b(16) 

1466 1465 1464 1465 1466 C8H3ab2(24)-C8H3ab1(23)-C7H3ab2(14)-C6H3ab1(12)-C1H3ab1(10) 

1466 1463 1463 1463 1464 C6H3ab2(90) 

1466 1459 1463 1459 1460 C7H3ab2(35)-C1H3ab2(17)C8H3ab2(16)-C1H3ab1(15) 

1458 1456 1455 1455 1455 C5H2b(45)C6H3ab1(25)-C4H2b(21) 

1458 1455 1455 1453 1454 C7H3ab1(45)-C1H3ab2(19)C1H3ab1(14) 

1443 1445 1445 1447 1445 C4H2b(61)C5H2b(24) 

1386 1386 1385 1385 1385 C1H3sb(41)C7H3sb(35)C8H3sb(17) 

1377 1380 1379 1377 1378 C6H3sb(37)-C8H3sb(28) 

1377 1375 1376 1375 1376 C6H3sb(47)C8H3sb(34) 

1367 1368 1368 1368 1369 C7H3sb(38)-C1H3sb(37) 

1367 1363 1365 1365  C4H2wa(23)-C5H2wa(21)-C7H3sb(12) 

 1354 1350 1350 1353 1354 Déf'C3H(22)-Déf'C2H(19)-DéfC2H(10) 

1337 1342 1342 1344 1340 DéfC3H(25)DéfC2H(15)-Déf'C2H(12)-C5H2wa(11) 

*   1321 1327 DéfC2H(20)-C5H2wa(19) C2C3s(11) 

1308 1315 1316  1309 C5H2wa(29)DéfC2H(21)C4H2wa(18) 

1308 1302 1308 1315 1302 Déf'C2H(25)Déf'C3H(22) C2C3s(13) 

1295 1292 1292 1287 1293 C5H2tw(54)-C4H2tw(25) 

1262 1265 1266 1276 1263 DéfC3H(32)C4H2wa(21)-DéfC2H(13) 

1231 1241 1247 1240 1238 C4H2tw(21)C5H2tw(19)-C6H3r2(17)-C5H2ro(11) 

* 1197 1203 1200 1184 C2C3s(12), 

1186 1179 1178 1179 1178 C1H3r1(13)C7H3r2(11)-C8H3r1(11) 

1160 1162 1164 1166 1158 C7H3r1(12)-C3C4s(11)C7C2C3b(10) 

1146   1139 1153 C1H3r2(19)-C8H3r2(18)-C3C4s(10) 

1124 1132 1129   C1H3r2(19)-C8H3r2(18) C2C7s(11) 

1074 1076 1072 1085 1080 C6H3r1(24)-C4C5s(16) 

1051 1055 1051 1055 1075 C4C5s(21)-C5C6s(19)-C3C4s(16)                          

1039 1043  1037 1040 C5C6s(21)-C8H3r2(10) 

1031  1031   C8H3r2(24)-C5C6s(11)-C1H3r2(11) 

1009 1005 1013 998 1003 C5C6s(24) C3C8s(18)-C3C4s(11)                           

995   991  C8H3r1(28) 

981 980 986   C8H3r1(23)-C4H2tw(14) C3C8s(11) 

971    968 C8H3r1(33)C7H3r1(16) 

942 951 947 954 949 C7H3r1(37)-C1H3r2(17)-C1C2s(15) 

937 933 942 941 948 C8H3r2(25)C1H3r2(17) C2C3s(13)-C3C4s(12)-C2C7s(10)    

918 912 904 913 909 C7H3r2(41)-C1H3r1(27)DéfC2H(11) 

896 899 897 895 902 C6H3r1(20) C4C5s(15) C1C2s(10) C5C6s(10)           

868  868 872  C6H3r1(14)C4H2ro(11)-C8H3r1(11) 

861 863   864 C4H2ro(19)-C6H3r2(15)-C8H3r1(14) 

850 845 850 856 845 C6H3r2(16) C3C8s(15)-C4H2ro(14) 

789    784 C2C3s(23) 

776 756 754 752  C2C3s(29) C1C2s(16) C3C8s(11)                               

740 740 745  738 C5H2ro(50)-C4H2ro(22)-C6H3r2(13) 

719   710  C2C3s(30)C4H2ro(15) 

552 552 547 552  C1C2C3b(26)-C2C3C8b(26)C7C2C3b(12) 
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(obs)              (Calc) Potentiel energy distribution  (PED) a,b 

 A B C D 

513   518 513 C2C3C4b(28)C7C2C3b(12)-C4C5C6b(11) 

504 501    C8C3C4b(21)C2C3C4b(18)C7C2C3b(16)-C4C5C6b(15) 

482  477   C1C2C3b(24)C2C3C8b(21)C8C3C4b(15) 

460    464 C2C3C8b(30)-C1C2C3b(16)C1C2C7b(11) 

444  440   C8C3C4b(21)-C3C4C5b(13)-C1C2C7b(13) 

428 423   420 C1C2C7b(48) 

402    405  C8C3C4b(27)-C1C2C7b(23)-C4C5C6b(13) 

402    400  C1C2C7b(40)C3C4C5b(15)C8C3C4b(13) 

*    384 C1C2t(18)C3C8t(17)-C2C3C8b(13)C8C3C4b(11) 

365  362  374 C1C2C7b(21)C7C2C3b(17)-C8C3C4b(16) 

335 344   339 C8C3C4b(44)C4C5C6b(18)C1C2C7b(13) 

  313  305 324 318 307 C7C2C3b(30)C4C5C6b(21)-C1C2C7b(12) C3C4s(11) 

* 291 284 292  C2C3C8b(29)C7C2C3b(21)-C3C4C5b(18) 

* 284 267 275  C1C2C3b(46)C2C3C8b(19) 

* 259 250 262 272 C1C2t(58)C3C8t(27) 

* 245 242 250 263 C5C6t(61)C2C7t(17) 

* 237 231 241 253 C2C7t(59)-C5C6t(23) 

* 207 217 211 227 C3C8t(49)-C1C2t(31)-C2C7t(12) 

* 148 156 166 173 C3C4C5b(31)-C2C3C4b(29)-C4C5C6b(17) 

* 94 94 117 96 C4C5t(49)-C3C8t(14) 

* 74 74 80 65 C3C4t(36)-C2C3t(26) 

* 36 48 42 54 C3C4t(34)C2C3t(31)C3C8t(15)C4C5t(10) 

a Potential energy distribution (contribution ≥10) for A conformer, except when no A band is given, in which 

case the PED is for the existing secondary conformer. 

 b CH3sb, totally symmetric bending of CH3; CH3ab1 (CH3ab2), in  plane (out of plane) degenerate bending of 

CH3; CH3r1 (CH3r2), in plane (out of plane) degenerate rocking of CH3; CH2b, scissoring of CH2; CH2tw, 
twisting of CH2; CH2ro, rocking of CH2; CH2wa, wagging of CH2; Def CH (Def ’CH), in plane (out of plane) 

deformation CCH; CCCb, CCC deformation; CCs, CC stretching; CCt, CC torsion. 

 
Conclusion 
 

In light of this work, we can conclude that ZPE, 

thermal contribution to internal and enthalpic 
energies have an effect barely perceptible on the 

HF/6-31G* conformational stability ordering and no 

effect on B3LYP/6-31G* one. Further, the stability 

ordering was modified by MPn calculations and the 

basis set extension, while the optimization method 

has no effect. MP2/6-31G* rotational barriers 

corresponding to A → C and A → D transitions are 

larger than HF/6-31G* ones. However, MP2/6-31G* 

rotational barrier for A → B transition decreases 

slightly. Concerning the vibrational analysis, HF/6-

31G as well as B3LYP/6-31G led to the same 
sensitive pair of bands to conformational stability. 

Even the difference between the optimized HF/6-

31G and B3LYP/6-31G scale factors can sometimes 

reach up to 20 % , their obtained rms deviation were 

found comparable. 

Regarding its simplicity and its ab initio character, 

the scaled ab initio force field of branched hexanes 

seems to be complete and useful as a basis for the 

development of spectroscopically accurate 

molecular mechanics energy function for the derived 

polymers.  

 

Table 8.  Observed and calculated B3LYP/6-31G frequencies (cm
-1

) of 2,3 DMH. 

 (obs) (Calc) Potential energy distribution (PED) a,b 

A  B  C   D 

1466 1476 1474 1472 1483 C8H3ab1(52)-C7H3ab2(11) 

1466 1472 1472 1472 1475 C1H3ab2(26)C7H3ab2(20)C7H3ab1(14) 

1466 1471 1470 1470 1468 C1H3ab1(42)C8H3ab2(23)-C7H3ab1(22) 

1466 1470 1466 1468 1466 C6H3ab1(27)-C5H2b(23)C1H3ab2(16) 

1466 1463 1463 1463 1461 C8H3ab2(32)-C8H3ab1(18)-C1H3ab1(17)-C7H3ab2(11) 

1466 1461 1462 1462 1461 C6H3ab2(88) 
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1466 1457 1461 1456 1457 C6H3ab1(51)C5H2b(28)-C4H2b(14) 

1458 1454 1455 1454 1454 C7H3ab2(31)-C1H3ab2(20)C8H3ab1(12)C4H2b(10) 

1458 1451 1453 1450 1451 C7H3ab1(40)C1H3ab1(19)-C7H3ab2(17) 

1443 1446 1443 1444 1446 C4H2b(44)C5H2b(17)C1H3ab2(14)-C8H3ab2(13) 

1386 1387 1386 1396 1385 C1H3sb(35)C8H3sb(29)C7H3sb(28) 

1377 1380 1381 1381 1380 C6H3sb(56) 

1377 1375 1377 1373 1376 C8H3sb(45)C6H3sb(25)-C1H3sb(11) 

1367 1367 1367 1369 1367 C1H3sb(36)-C7H3sb(27) 

1367 1363 1364 1363   C7H3sb(25) 

1354 1351 1354 1355 1352 C5H2wa(31)-DéfC2H(13)-C4H2w(13) 

1337 1342 1337 1342 1335 Déf'C2H(19)-Déf'C3H(19)-DéfC3H(15) 

*     1328 1326  Déf'C3H(23)Déf'C2H(14)DéfC2H(12) 

1308 1317 1310   1312 C5H2wa(27)C4H2w(20)DéfC2H(17) 

1308 1298 1307 1309 1303 Déf'C2H(26)Déf'C3H(22)C2C3s(11) 

1295 1291 1295 1293 1293 C5H2tw(55)-C4H2tw(30) 

1262 1269 1263 1259 1267 DéfC3H(34)C4H2w(21)-DéfC2H(15) 

1231 1239 1245 1241 1238 C4H2tw(25)C5H2tw(20)-C6H3r2(16)-C5H2ro(10) 

* 1193 1208 1196  1184 C2C3s(14) 

1186 1178 1177 1180 1174 C8H3r1(12)-C1H3r1(12)C4H2ro(11) 

1160 1162 1163 1166 1158 C7H3r1(12)-C3C4s(11)C7C2C3b(11) 

1146     1138 1154 C1H3r2(18)-C8H3r2(18)-C3C4s(11) 

1124 1131 1128     C8H3r2(19)-C1H3r2(18) 

1074 1076 1074 1079 1078 C6H3r1(24)-C4C5s(15) 

1051 1053 1053 1059 1074 C4C5s(21)-C5C6s(18)-C3C4s(16) 

1039 1044   1037 1038 C5C6s(25) 

1031   1030     C8H3r2(18)-C5C6s(14) 

1009 1004 1011 999  1002 C5C6s(24)C3C8s(14)-C3C4s(12)-C8H3r1(10) 

995     995   C3C8s(36) 

981 980 986     C8H3r1(19)C3C8s(16)-C4H2tw(14) 

971       971 C8H3r1(35)C7H3r1(14) 

942 952 943 955 951 C7H3r1(37)-C1H3r2(17)-C1C2s(14) 

937 928 936 935 941 C8H3r2(21)C1H3r2(14)C2C3s(13)-C3C4s(12) 

918 915 901 914 915 C7H3r2(39)-C1H3r1(29)DéfC2H(11) 

896 900 896  892  903 C6H3r1(18)C1C2s(15)C4C5s(14) 

868   872 874  C4H2ro(21)-C6H3r2(17)C6H3r1(10) 

861 864     865 C4H2ro(17)-C8H3r1(14)-C6H3r2(13) 

850 845 857 859 847 C6H3r2(17)-C4H2ro(16)C3C8s(15) 

789       782 C2C3s(24) 

776 756 775 758   C2C3s(31)C1C2s(16)C3C8s(10) 

740 742 755   743 C5H2ro(50)-C4H2ro(22)-C6H3r2(13) 

719     711   C2C3s(35)C4H2ro(14) 

552 556 549 555   C1C2C3b(26)-C2C3C8b(26)C7C2C3b(12) 

513     520 516 C2C3C4b(27)C7C2C3b(11)-C4C5C6b(11) 

504 503       C8C3C4b(20)C2C3C4b(18)C7C2C3b(16)-C4C5C6b(15) 

482   479     C1C2C3b(25)C2C3C8b(21)C8C3C4b(16) 

460       463 C2C3C8b(30)C1C2C7b(15)-C1C2C3b(13) 

444   440     C8C3C4b(21)-C3C4C5b(13)-C1C2C7b(13) 

428 425     423 C1C2C7b(48) 

402     404   C8C3C4b(39)C3C4C5b(11) 

402     401   C1C2C7b(60) 



Mediterr. J. Chem., 2017, 6(3),     S. Mouatarif et al.                  70 

 

               

*       384 C2C3C8b(18)-C3C8t(12)C2C3C4b(11)-C1C2C7b(11) 

365   364   374 C8C3C4b(44)C4C5C6b(18)C1C2C7b(14) 

335 347     332  C8C3C4b(44)C4C5C6b(18)C1C2C7b(14) 

313 306 326 318 309 C7C2C3b(30)C4C5C6b(21)-C1C2C7b(13)C3C4s(11) 

* 293 286 290   C2C3C8b(26)C7C2C3b(21)-C3C4C5b(19) 

* 288 272 271   C1C2C3b(46)C2C3C8b(22) 

* 257 254 257 260 C1C2t(49)C3C8t(34) 

* 245 249 242 258 C5C6t(70)-C1C2t(11) 

* 235 240 230 228 C2C7t(61)-C5C6t(15) 

* 213 231 212 215 C3C8t(43)-C1C2t(32)-C2C7t(19) 

* 149 157 168 162 C3C4C5b(31)-C2C3C4b(28)-C4C5C6b(18) 

* 94 99 111 97 C4C5t(37)-C3C4t(19)-C3C8t(14)-C2C3t(12) 

* 78 76 74 66 C3C4t(37)-C2C3t(27)C4C5t(10) 

* 44 57 37 37 C3C4t(32)C2C3t(32)C4C5t(16)C3C8t(11) 
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