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ABSTRACT 

Abstract In studies performed on 2- chloroacetalidehyde by abinitio beginning with the LC-WPBE, B3LYP and 

m06-2x functionals and 6-311++G (d, p) basis set. Also, by checking the total energy, HOMO-LUMO gaps and 

dipole moment, it was found that the keto form is more stable than the enol form. Theoretical calculations With 

LC-WPBE/6-311G(d,p)  shows the more stability of I- conformer in compared to other conformers .  NBO analysis 

was practical for illustrating the negative hyperconjugative effect on the conformers. In the basis of NBO analysis, 

the LP(2)O )(* HC −→ and LP(2)O )(* CC −→  Interactions were responsible of the negative  

hyperconjugation in the examined compounds. The deletion of all thw donor – acceptor electronic interaction from 

the fock matrices and off –diagonal elements, values of these interaction were reported. 

Keywords: 2- choroacetaldehyd, NBO (natural bond orbital analysis), Negative hyperconjugative effect, Second 

order the stabilization energies (E2) 

 

 

http://www.ijnc.ir/


International Journal of New Chemistry, 2021, 8(3), 345-355                                R. Fazaeli et al 

  
 

 346  

Introduction  

 According to the calculations made by Leo Radom and Noel V. Riggs in 1979 by the means of a 

modified version of the Gaussian 70 and the STO-3G and 4-31G [1,2] in which they achieved 

the point that the total energy for the acetaldehyde molecule in the eclipsed conformation is -

150.947 and -152.685 respectively and for the staggered conformation is -150.944 and -152.683 

respectively Hartry. This revealed that the eclipsed conformation of the acetaldehyde is more 

stable than its staggered conformation. In this study, Professor Radom considered the stability of 

the eclipsed conformation in accordance with the interaction of the methyl group with the double 

bond of the carbonyl group. He argued that the methyl group primarily could be considered as a 

predominant π -group. If methyl binds to a double bond, it acts as a supercharger. 

In 1994, Professor Goodman et al. via MP2 / 6-311G ** conducted research studies on 

acetaldehyde [3]. They reported a C-C bond length of 1.499 for the eclipsed conformation and 

1.500 for the staggered conformation and for the carbonyl group for both conformers reported 

1.209. Albeit, in this paper, the length of the bond for hydrogen attached to the carbonyl group 

considered 1.107 for the eclipsed conformation and 1.1058 for the staggered conformation as 

well.  

              

Figure 1. Possible conformers of 2- choroacetaldehyd. 

 

Figure 2. The predicted resonance structures of 2- Chloroacetaldehyde with NBO analysis. 
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 Computational Methods  

The Gaussian 09 program bundle was utilized in our calculations [4]. Geometries of 

the considered particles were optimized utilizing the Standard 6-311++G(d,p) premise set [5-6], 

LC-wPBE useful [7], the crossover useful of M06-2X, as created by Truhlar and Zhao[8] 

and cross breed utilitarian of the B3LYP [9] were utilized. LC-wPBE may be a long-

range rectified (or extend isolated) cross breed where the sum of exact exchange raises 

with expanding inter-electronic separate to form them more exact for moves to higher-lying 

orbitals [10]. A vibrational investigation was conducted at each stationary 

point watched, affirming its characteristics as the slightest vitality. In addition, the populace has 

been analyzed utilizing the NBO handle [11] at LC-WPBE /6-311++G(d,p) level 

of hypothesis with the NBO 6.0 program [12] through the computer program of Gaussian 09. 

Visualization of the NBOs was plotted with Multiwfn 3.5 computer program bundle [13]. 

Results and Discussion 

 Vitality content Conformers and truncations of the 2- choroacetaldehyd  

particle are delineated in Figure 1. The outright vitality and relative vitality values of conformers 

of the keto and enol shapes of the 2- choroacetaldehyd are calculated at three levels of 

the hypothesis: LC-wPBE/6-311++G(d,p), M062X/6-311++G(d,p) and B3LYP/6-311++G(d,p) ( 

Table 1). As can be seen, the keto frame has more steadiness than the enol frame. On the other 

hand, the I-conformer encompasses a bigger steady conformer at LC-wPBE/6-311++G(d,p) 

level. Two other levels appear that I-conformer and IV-conformer are iso-energetic. The 

more solidness of I-conformer compared to other conformers is ascribed to negative hyper 

conjugation impacts. Figure 2 speaks to the canonical reverberation structure of 

the mentioned negative hyper conjugation intuitive. 

Total dipole moment 

The full dipole minute values of the different conformers of 2- 

choroacetaldehyd atom are recorded in Table 1. Add up to dipole minute esteem utilizing the x, 

y, z components are characterized as: 𝜇𝑡𝑜𝑡 = ) Total dipole minute values 

of polar I-conformer uncover the littlest add up to dipole moment values. The gotten comes 

about are reliable with littler add up to dipole minute values for more steady conformers [14] 
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Atomic orbital analysis  

The wilderness orbital vitality and HOMO-LUMO crevice values of the different conformers of 

2- choroacetaldehyd particle is calculated. The calculated values in Table 2 appear that the 

foremost solidness of HOMO and the lowest stability of LUMO within the I-conformer. Plots 

of wilderness orbital of these conformers are displayed in Figure 3. It is additionally possible 

to discover out that the biggest HOMO-LUMO crevice and hardness esteem within the I-

conformer. The hardness esteem is calculated by the taking after condition: 𝜂 = (E LUMO-

EHOMO)/2 this increment is congruous with the greatest hardness principle (MHP) and 

the least vitality guideline (MEP). Based on MHP, whereas a conformer changes from the 

foremost steady to the less steady species in most cases, the vitality increments, and the 

hardness diminishes [15-16]. The electrophilicity record, ω, for each atom measured utilizing the 

expression [17]: ω = μ2/2η where 𝜇 the chemical potential is: 𝜇 = (EHOMO + ELUMO)/2 and η 

is the hardness. The calculated electrophilicity (ω) values are recorded in Table 2. It can 

be watched the littler ω values in I-conformer in comparison to other conformers. 

This drift is congruous with the least electrophilicity rule (MEP) [18, 19] that is, whereas a 

conformer change from the foremost steady to other less steady species in most cases, 

the vitality rises, and the electrophilicity increments. 

Natural bond analysis (NBO) 

NBO examination is valuable to discover a exhaustive understanding of 

the impacts that coordinate the foremost steady conformations in an isolated phase. Also, 

NBO could be a noteworthy apparatus for outline of associate- and 

intramolecular holding intelligent, and as well as a reasonable root for investigating conjugative 

interaction or charge exchange in atomic frameworks. A few of the orbitals are 

electron benefactors or acceptors. The contrast of vitality between such holding and anti-bonding 

orbitals, [E(2)], impacts the helplessness of the atom to intelligent [20, 21]. There are 

more viable intelligence with the bigger [E(2)] values. This recommends a 

stronger giving propensity of an electron of one orbital and the next tolerating inclination of 

other orbitals, which causes a more grounded interaction between them. The second-order 

Fock network has been utilized for evaluating intuitive comparing to the donor-acceptor within 
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the NBO investigation [51]. For each benefactor (i) and acceptor (j), the 

stabilization vitality E(2) comparing to the delocalizing i j is assessed as: E(2) = -qi ( Fij)2/(Ej-Ei) 

where qi speaks to the i th benefactor orbital inhabitance and Ei and Ej compare to the giver and 

acceptor orbitals, separately. Ej – Ei speaks to the contrast of vitality between 

the benefactor orbital and acceptor orbital; i.e., the more prominent giving propensity of the 

electron givers toward electron acceptors the bigger degree comparing to conjugating the 

full framework. 

Second-order annoyance hypothesis investigation of Fock network in NBO basis 

NBO examination may be utilized for clarifying the higher soundness of the I-conformer 

comparing to other conformers. The stabilization energies of most vital donor-acceptor 

electron intelligence have exceptional impacts on the stabilities of the conformations of 

the considered particles (Table 3). These  LP  (O2)         *(C-H)  and  LP (O2)        *(C-

C) intelligent are the negative hyper conjugation related to the inspected compounds (Figure 2). 

It can be found, LP (O2)       *(C-H) interaction is more critical than LP (O2)       *(C-C) 

interaction. These NBOs are visualized in Figure 4. 

Within the current ponder, Common Bond Orbital (NBO) investigation was employed 

to segment the entire electronic vitality E (tot) into Lewis E(L) (orbital population=2.0) and Non-

Lewis E(NL) components (Table 4). The localized Lewis E(L) component gave a great guess of 

all the steric and classical electrostatic impacts since comparing to over 99.5% of the 

total electron thickness, whereas all the conjugation sorts may well be depicted by the Non-

Lewis E(NL) component. Table 4 appears that the more noteworthy inclination of the I-

conformer when as it was considering the conjugation impacts. 

Calculations of the characteristic coulomb electrostatic energies E (NCE), as well as the total 

electronic vitality and its Lewis components, were conducted [52]. Table 4 uncovers the best I-

conformer based on NCE values. Calculation of the whole steric vitality E(ST) was done through 

the NBO investigation. Table 4 advance displays the 

more articulated steric intuitive happening within the III- conformer. It can be seen, 

the least steric intelligence happens within the I- conformer. 
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Tables  

Table 1.  Energy (E, a.u), relative energy ( ΔE, kcal/mol) and dipole moment (µ , Debye) of 

possible conformers of keto and enol forms of 2- Chloroacetaldehyde at the LC-wPBE/6-

311++G(d,p) , M062X/6-311++G(d,p) and B3LYP/6-311++G(d,p)levels of theory. 

 

 (a)keto form 

LC-wPBE/6-311++G(d,p)  M062X/6-311++G(d,p)  B3LYP/6-311++G(d,p) 

 E E     E E   E E  

I -613.2544 0.00 1.06  -613.3989 0.00  -613.4986 0.00 

II --613.2488 3.51 3.29  -613.3937 3.26  -613.49.34 3.26 

III -613.2525 1.13 3.72  -613.3972 1.07  -613.4969 1.07 

IV -613.2531 0.82 2.20  -613.3981 0.50  -613.4981 0.31 

(b)enol form 

LC-wPBE/6-311++G(d,p)  M062X/6-311++G(d,p)  B3LYP/6-311++G(d,p) 

 E +E   E E   E E  

I 
-

613.2377 
10.48  -613.3852 8.61  -613.4832 9.63 

II 
-

613.2440 
3.01  -613.3920 1.07  -613.4895 2.44 

III 
-

613.2440 
5.33  -613.3920 3.26  -613.4895 7.64 

IV 
-

613.2377 
9.63  -613.3852 8.07  -613.4832 9.33 
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Table 2.  Frontier orbital energy ( E , eV) , HOMO-LUMO gap (ΔE,kcal/mol) , hardness (   , eV) , 

electrophilhcity (, eV) of possible conformers of    2- Chloroacetaldehyde at the LC-wPBE/6-

311++G(d,p) level of theory 

E(HOMO) E(LUMO)    ΔE     

l       -10.86 0.97 11.83 5.92 2.07 

II     -10.73 0.59 11.32 5.66 2.26 

III    -10.81 0.83 11.64 5.82 2.14 

IV    -10.77 0.83 11.60 5.80 2.13 

 
 

Table 3. Second order perturbation theory analysis of Fock matrix in NBO basis of LP (2) O 

)(* HC −→ ) and LP (2) O )(* CC −→ negative hyperconjugation interactions of possible 

conformers of 2- Chloroacetaldehyde at the LC-wPBE/6-311++G(d,p) level of theory. 

 

LP(2)O )(* HC −→   LP(2)O )(* CC −→  

Molecule E(2)* E(NL)-E(L)** F(L,NL)**  E(2)* E(NL)-E(L)** F(L,NL)** 

I 28.65 0.85 0.142  26.43 0.85 0.136 

II 29.61 0.84 0.143  26.98 0.85 0.137 

III 31.15 0.83 0.146  28.07 0.83 0.146 

IV 29.18 0.85 0.142  26.00 0.85 0.135 

    

Table 4. Results of the NBO analysis and energy decomposition of total electronic energy E(total) into 

Lewis E(L), non-Lewis E(NL), total steric E(steric) and electrostatic E(NCE) energies (in kcal/mol) of 

possible conformers of 2-fluoroacetaldehyde at the LC-wPBE/6-311++G(d,p) level of theory. 

 

Molecule  E(steric)  ΔE(steric)  E(NCE)  ΔE(NCE)  E(NL)  ΔE(NL)  

I  55.15  0  -0.11940  0.00  0.04903  0.00  

II  61.42  6.27  -0.09834  13.22  0.04223  -4.27  

III  63.22  8.07  -0.09515  15.22  0.04445  -2.87  

IV  60.66  5.51  -0.10922  6.39  0.04506  -2.49  

*ina.u. 
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HOMO                                                                           LUMO 

 

I                                             

 

II                                              

 

III                                            

 

 IV                                               

Figure. 3. Plots of frontier orbital of thepossible conformers of 2- choroacetaldehyd. 
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Conclusion  

    Within the current think about, we examined the steadiness comparing to 

the different conformers of 2- choroacetaldehyd. The most computation of current work can 

be laid out as follows: 

 1. I- compliance has more prominent soundness than other conformations in 

all examined particles at the LC-WPBE/6-311++G(d,p) level of hypothesis. The more 

noteworthy soundness of this compliance was ascribed to a negative hyper conjugative effect.  

2. The negative hyper conjugative anomeric impact of these particles was explored by the 

LP(O2) *(C-H) interaction.  

3. The biggest HOMO-LUMO crevice esteem, the littlest electrophilicity (ω) esteem for the I-

conformer are is consistent with the standards of least vitality (MEP), and greatest hardness 

(MHP), the least electrophilicity guideline (MEP). 
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