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Abstract: This quantum study at B3LYP/6-311 ++ G (d, p) with ELF analysis were performed in order to understand 

the formation of propynal and cyclopropenone, two molecules detected in the interstellar medium. The formation of 

these molecules is supposed to be through reactions between carbon monoxide (CO) and acetylene (C2H2) in the cold 

conditions of interstellar clouds. All the structures, reagents, products and transition states, have been optimized and 

the geometrical parameters are given as well as the dipole moments. The reaction paths are elaborated and discussed 

here using the IRC method implemented in the Gaussian program. The determined activation energies allow an 

estimation of the rate constants. The ELF analysis performed here seems to be a valuable tool for screening the 

evolution of the bonds during the formation processes. The two reactions probably occur in one step. The 

propadienone, another possible isomer, has been also studied. It is formed through a third reaction. A stable triplet 

ground state of this molecule, the thermodynamic consideration and a small dipole moment can explain the fact that 

it is not detected yet in the interstellar medium. M06-2X and WB97XD functional were also used for comparing 

results. 
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1. Introduction 

In all civilizations, humans have wondered about the 

origin of life and have considered the existence of extra-

terrestrial life. Today, advances in multiple disciplines 

ranging from astrophysics 1 to biology 2, as well as the 

many results gathered by the recent missions of 

exploration of the solar system, allow passing from the 

pure intuition of our ancestors to the reality of the 

experimental and observable facts.  

The chemical study of the interstellar medium is an 

essential part of astrophysics 3. This rich environment, 

composed of gas and dust, where very particular 

physical conditions reign, plays a fundamental role in 

the formation of new stars and the evolution of life. The 

gas that makes up the interstellar medium represents 

about 99% of its total mass, the remaining 1% is 

contained in dust 4,5. This gas is in ionic, atomic and 

molecular form and is mainly composed of hydrogen 

(H) and helium (He), which represent respectively 

about 70% and 28% of the total mass of the interstellar 

medium. The Interstellar specks of dust are mainly 

composed of silicates, amorphous carbon and ice 6. To 

date, about 200 molecules have been identified in the 

interstellar medium 7, including organic (i.e., carbon-

based) molecules as complex as amino acids. 

Three isomers of compounds with chemical formula 

C3H2O can exist, i.e. propynal (HCCCHO), 

propadienone (CH2CCO) and cyclopropenone 

(cC3H2O). The latter, being the most abundant, could be 

easily detected as a cosmic object. The propadienone 

isomer has not been detected in the interstellar medium. 

Propynal has been previously observed in TMC-1 8,9 as 

well as in Sagittarius B2 10-12. Cyclopropenone was first 

observed in Sagittarius B2 by Hollis et al13and was, later 

on, found in the cold, dense molecular cloud L1527. 

In what follows, we present the DFT study of the three 

isomers H2C3O, propynal (HC≡C-CH=O), 

cyclopropenone (c-C3H2O) and propadienone 

(CH2=C=C=O) as well as the reactional pathways of 

their formation. The formation of the three structural 
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isomers, cyclopropenone (C-C3H2O) and propynal 

(HCCCHO), can occur via an off-equilibrium reaction 

between carbon monoxide (CO) and acetylene (C2H2) 

in the cold conditions of interstellar clouds as follow: 

 

 
 

2. Computational detail 

All DFT calculations were carried out at the B3LYP/6-

311++G(d,p) level with the Becke’s three-parameter 

hybrid method (B3) 14 Lee–Yang–Parr correlation 

function (LYP) 15 implemented in the Gaussian09 16 

program package. The molecular structures of the three 

isomers were optimized without any constraint of 

symmetry. The optimized structural parameters were 

used for vibrational harmonic frequency calculations. 

All reagents, intermediates and products were verified 

as local minima by checking that their Hessian matrix 

led to all real-valued frequencies while the transition 

states were characterized as stationary points with one 

imaginary frequency. The transition states were further 

verified by intrinsic reaction coordinate (IRC) 17 

analysis at the same level of theory. Natural bond orbital 

analyses (NBO) 18 were performed at B3LYP level 

using the NBO program to study the reaction behavior 

of the system. In order to evaluate the electronic 

population on each atomic center an ELF topological 

analysis 19 was carried out using Multiwfn software 20. 

All calculations were prepared and visualized with the 

GaussView5.0 21. 

Other functional have been also tried: M06-2X 22 

andWB97 XD 23 to compare and fix the results. 

WB97XD is for taking into account the long-range 

dispersion interactions. These two functionals have 

been used with the same basis set 6-311++G(d,p). 

 

3. Result and discussion 

3.1. Geometry optimization 

The geometrical visualization of the optimized the 

transition state structures and the atomic labeling are 

shown in Figure 1. The fully optimized structures are 

listed in Table 1. 

 

           Compound Optimized structure  Transition state structure 

           Propynal (S) 

 

 

 
    

       Cyclopropenone (S) 

 

 

 
    

           Propadienone (S*, T) 

 

 

No TS 

 

Figure 1. Optimized geometrical structures and atomic labeling of different isomers 

 

The stable structures of propynal and cyclopropenone, 

with all vibrational frequencies real, are singlet states 

(S). For the propadienone, the stable structure is a triplet 

state (T). However, a singlet state with one weak 

imaginary vibrational frequency have been calculated 

(S*) and found lower than the reactants. This singlet 

state is a singular point of the potential energy surface, 

taken, falsely, as a minimum in most of the theoretical 

studies. Propadienone has been studied before by 

microwave spectroscopy 24,25; it was given as non-rigid 
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molecule and the singlet state is non stable moving 

between two bent structures separated by to a small 

potential barrier; The S* state could be the maximum of 

this barrier. 

 

Table 1. Selected structural parameters calculated at the B3LYP/6-311++G(d,p). 

Compound Parameter This work 6-31G(d,p) 

[26] 

4-31G 

[27] 
Fundamental 

state 

Transition 

structure 

Propynal C5-C2 1.446 2.180 1.460 1.445 

C2-C1 1.204 1.221 1.188 1.20928 

C5-O 1.209 1.139 1.184 1.215 

C5-H 1.106 1.105 1.090 1.106 

C1-H 1.064 1.065 1.058 1.055 

OC5H 121.4 169.3 121.8 122.4 

OC5C2 124.0 117.2 123.5 123.7 

C5C2C1 177.7 159.2 178.4 178.4 

C2C1H 179.0 179.1 179.5 180.0 

C5C2C1H 180.0 180.0 180.0 - 

HC5C2C1 0.0 180.0 0.0 0.0 

Cyclopropenone C5-C1 1.431 1.655 1.412 1.412 29 

C1-C2 1.344 1.265 1.328 1.302 

C5-O 1.202 1.145 1.188 1.212 

C1-H 1.083 1.078 1.071 1.097 

HC1C2 144.2 146.2 152.8 152.5 

Propadienone (S*) C5-C1 1.271 - 1.269 - 

C1-C2 1.316 - 1.304 - 

C5-O 1.205 - 1.154 - 

C2-H 1.090 - 1.079 - 

HC2H 115.2 - 116.2 - 

Propadienone (T) C5-C1 1.278 - 1.269 - 

C1-C2 1.353 - 1.304 - 

C5-O 1.187 - 1.154 - 

C2-H 1.084 - 1.079 - 

HC2H 118.3 - 116.2 - 

 

The structural parameters of propynal and 

cyclopropenone are in reasonable agreement with the 

experimental values 27. For propadienone, experimental 

data derived from microwave spectroscopy, are 

available 24,25. 

 

3.2. Energy data 

The analysis of Table 2 show that the energies of the 

different compounds are sensitive to the level of theory; 

in fact, as known, polarization functions are required to 

describe the energies appropriately. 

Table 2. Calculated total energies in Hartree and dipole moments in Debye (D). 

Compound B3LYP 

This work 

6-311++G(d,p). 
6-31G(d,p) 

[26] 

Dipole moment 

This work 

Propynal S -190.708416 -189.545550 3.023 

Cyclopropenone S -190.700323 -189.53881 4.367 

Propadienone T -190.663374 -189.54073 2.000 

S* -190.716773 2.910 

 

The result shows that the 3 isomers lie relatively close 

in energy with propynal being the most stable with 

relative energy for cyclopropenone and propadienone 

(T) of respectively 5.08 kcal/mol and 28.26 kcal/mol 

(see Figure 2). We can also remark that Propadienone 

has the smallest dipole moment. 

Based on these relative energies, the minimum energy 

principle predicts that the most stable isomer, Propynal, 

in this case, is observed as the most abundant among the 

three isomers 30. These results explain, partly, why 

propadienone has never been detected at the interstellar 

level 31, while both propynal and cyclopropenone have 

been detected in molecular clouds 8-13 in 1988 and 2006. 
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Figure 2. Relative energies of the three C3H2O isomers at the B3LYP/6-311++G(d,p) level. 

 

3.3. Mechanistic study 

The search for transition states is an important step in 

establishing the energy profiles of the reaction 

pathways. Indeed, after optimization of the geometrical 

structures of the reagents and the different products, we 

looked for the transition structures connecting these two 

minima. Once localized, vibrational frequency analysis 

is performed to verify the presence of a single 

imaginary frequency. The activation energies for the 

reaction of acetylene with carbon monoxide resulting in 

the formation of the 3 isomers are shown in what 

follows. 

The calculations have been performed with 3 

functionals: B3LYP, M06-2X 22 and WB97XD 23 to 

compare and fix the results. WB97XD is for taking into 

account the long-range dispersion interactions. These 

three functionals have been used with the same basis set 

6-311++G (d,p).  Calculations at B3LYP/6-311++G 

(d,p) level, giving the most consistent results, are 

retained for discussion. This latter functional gives 

lower energies for the product than for the reactants, 

which are not the case for MO6-2X. 

 

3.3.1. Propynal 

The total energy of the studied compounds is 

summarized in Table 3 and Figure 3. For the first 

reaction, the exploration of the potential energy surface 

showed that the two minima are connected by a single 

transition structure, the application of the IRC option on 

the transition state did not lead to any stable 

intermediate and this with all the functional used. So, it 

is probably a one-step concerted reaction. The analysis 

of the potential energy surface shows that, at the 

B3LYP/6-311++G(d,p) level,  the activation energies 

corresponding to the transition structure is 64.92 

kcal/mol, the formation of the propynal is exothermic    

(-13.10kcal/mol) 
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Table 3. Total energies E (u.a) and relative energies Er(kcal/mol) of stationary points for propynal formation with 

different functionals and 6-311++G(d,p) basis set. 

Functional Energy Reaction 1 

Reactants TS Propynal 

B3LYP E -190.68757 -190.584112 -190.708456 

E - 64.92 -13.10 

M06-2X E -190.6262 -190.496641 -190.624435 

E - 81.30 1.11 

WB97XD E -190.62763 -190.50226 -190.631341 

E - 78.67 -2.33 

 

 

Figure 3. Schematic representation of the relative energies of TS and product (Reaction 1) at different level of 

calculations 

 

3.3.2. Cyclopropenone and Propadienone 

Table 4 and 5 summarizes the total and relative energies 

of stationary points for reactions 2 and 3. The reaction 

paths, at a different level of calculations, are illustrated 

in Figure 4. 

 

Table 4. Total energy E (u.a) and relative energy Er (kcal/mol) of stationary points for cyclopropenone reaction 

formation. 

Functional Energy Reaction 2 

Reactants TS Cyclopropenone 

B3LYP E -190.687573 -190.638796 -190.700323 

E - 30.61 -8.00 

M06-2X E -190.626199 -190.551885 -190.622459 

E - 46.63 2.35 

WB97XD E -190.627626 -190.558401 -190.628083 

E - 43.44 -0.29 
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Figure 4. Relative energy profiles, of CP formation from CO and acetylene according to the proposed mechanism 

(Reaction 2). (one step mechanism). The calculations are performed at different levels of calculation; 

 

When looking the activation energies, the 

cyclopropenone is kinetically the most favored and 

hence the most abundant in the interstellar medium 

(30.61 kcal/mol versus 64.92 kcal/mol for the propynal 

at the B3LYP/6-311++G(d,p)). 

 

Table 5. Total energy E (u.a) and relative energy Er (kcal/mol) of stationary points for propadienone reactions. 

Functional Energy Reaction 3 

Reactants Propadienone 

Triplet Singulet 

B3LYP E -190.687573 -190.663374 -190.716773 

E - 15.19 -18.32 

M06-2X E -190.626199 -190.570236 -190.627785 

E - 35.12 -1.00 

WB97XD E -190.627626 -190.583652 -190.637110 

E - 27.59 -5.95 

 

The analysis of the stationary points associated with the 

cyclopropenone formation (reaction 2) indicates that 

this reaction takes place through a one-step mechanism 

(Figure 4), in all cases. The problem was initially to 

determine the TS. The procedure is as follow: the first 

step, we performed an HF/6-31G calculation, one step 

mechanism with a single TS is found, as expected. 

When increasing then the basis set step by step till the 

6-311++G(d,p) and changing the method to 

DFT/B3LYP, the mechanism always stays with only 

one TS. However, when the calculations are performed 

directly at the DFT/B3LYP/6-311++G(d,p), a two-step 

mechanism is found with two TSs and one intermediate 

structure. In the interstellar medium, the pressure is 

expected to be very low, and a two-step mechanism is 

very improbable, but, in particular, physical conditions 

feasible. This deserves to be noticed and one should be 

careful with the procedure used to determine the 

reactional path. In Appendix (p.187), this two steps 

mechanism are detailed. 
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The calculations have been performed with 3 

functionals: B3LYP, M06-2X 22 andWB97XD 23 for 

comparison. These three functionals have been used 

with the same basis set 6-311++G(d,p). The 

calculations at the B3LYP/6-311++G(d,p) level, giving 

the most reasonable results, are retained for discussion. 

 For the one-step mechanism, the activation barriers 

associated with the formation of the transition state 

(TS1) is 30.61 kcal/mol, the reaction is exothermic 

by -8 kcal/mol. 

 For the two steps mechanism, given here just as an 

indication, the activation barriers associated with 

the formation of intermediate species (IR) and 

cyclopropenone (CP) are 22.01 (TS1) to 23.72 

(TS2) kcal/mol. The reaction is strongly 

endothermic by 14.69 (IR) and exothermic by -8.00 

(P) kcal/mol. Furthermore, Gibbs free energy ΔG of 

a cyclopropenone formation is about-13.80 

kcal/mol. That exergonic reaction is possible 

spontaneously; this mechanism is, therefore, less 

probable. 

For the 3rd reaction leading to the propadienone, no 

transition state has been located and this, with all the 

three functionals: B3LYP, MO6-2X and WB97XD. 

The formation of the product is endothermic by 

respectively15.19 kcal/mol, 35.12 kcal/mol and 27.59 

kcal/mol for B3LYP, MO6-2X and WB97XD 

functionals as it can be seen in Figure 5. 

 

 
Figure 5. Relative energies for the propadienone (T) and (S*) at a different level of calculations (Reaction 3, T is for 

ground state Triplet, and S* is for non-stable singlet state) 

 

A stable triplet minimum has been found (T), 

considered as the ground state, and also a singlet non 

stable (S*) structure which stability cannot be assured 

because it presents one imaginary frequency. All the 

present results support an expectable low probability of 

propadienone astrophysical detection. It represents the 

less stable isomeric structure and displays the smallest 

dipole moment. The formation in the gas phase is not 

thermodynamically probable. No reactional pathway 

could be given for its formation since no transition state 

located. Besides, the stable ground electronic state 

presents a triplet spin-multiplicity character (T), a fact 

that can be related to the insignificant dipole moment. 

It has to be considered that the leading group of 

astrophysical species shows closed-shell electronic 

structures. 

 

3.4. Topological analysis 

Topological analysis of the density functions allows 

dividing the molecular space into volumes of location 

in a rigorous manner. This approach allows to finely 

streamline bonds patterns in complex systems, 

especially during the reaction process. It provides a 

partition of the molecular space into basins of attractors 

which have a definite chemical significance. To 

understand the reaction mechanism, an ELF topological 
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analysis was performed from the B3LYP/6-

311++G(d,p) natural orbitals on the key points along 

different reactions pathway in order to understand the 

formation mechanism of different products from the 

reaction between CO and acetylene via the analysis of 

bond-forming/breaking patterns along the course of this 

reaction using Multiwfn software. 

 

3.4.1. Propynal 

In what follows, the reaction between CO and acetylene 

were investigated through the ELF topological analysis. 

Table 6 grouped the electronic valence populations of 

the most relevant points for understanding the evolution 

of the formation of the newly formed bond for the 

propynal. The different points considered are those of 

the IRC given Figure 6. 

 

Table 6. Valence basin populations of some points along the reaction path (B3LYP/ 6-311++G(d,p)) calculated 

from the ELF analysis. 

 P1 P2 P3 P4 P5 P6 P7 

V(O6) 4.03 4.08 4.11 4.29 2.51 2.51 2.59 

V’(O6) - - - - 2.11 2.16 2.62 

V(C5) 2.60 2.54 2.51 - 0.35 - - 

V(O6-C5) 3.15 3.20 3.19 3.16 2.94 2.89 2.31 

V(C2) - - 2.03 2.45 2.32 2.67 - 

V(C1-C2) 2.11 5.12 4.93 4.66 4.49 4.55 2.63 

V’(C1-C2) 3.14 - - - 0.27 0.27 2.60 

V(C2-C5) - - - - - - 2.37 

 

-190,69

-190,68

-190,67

-190,66

-190,65

-190,64

En
er

gy
 (

a
.u

)

 

Figure 6. IRC of propynal (at B3LYP/ 6-311++G(d,p) level). 
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Figure 7. Valence basin attractor of selected points related with the formation of the propynal  

(one step mechanism) 

 

3.4.2. Cyclopropenone 

Understanding the formation mechanism, via an ELF 

topological analysis of some relevant points along the 

IRC profile, of the two proposed mechanism (1 and 2 

steps) was performed to characterize the molecular 

mechanism. The population of the most important 

valence basins for the two proposed mechanism 

respectively given in Table 7 and Table 9 (given in the 

appendix, p.187). Schematic pictures of the attractor 

positions of the ELF for the relevant points along the 

IRC are shown in Figures 8 and 9. 

 

i. One step mechanism: 

The reaction profile obtained by an IRC calculation is 

given in Figure 8. 
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Figure 8. IRC of cyclopropenone (at B3LYP/ 6-311++G(d,p) level) 
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We limited our study by choosing eight points 

distributed over the reaction path connecting reactants 

to products. An ELF study was carried out to follow the 

evolution of electronic density during the formation of 

new bonds to obtain cyclopropenone. The obtained 

values for the monosynaptic and disynaptic basins are 

as follows. 

 

Table 7. Valence basin populations of some points along the reaction path, calculated from the ELF analysis. 

 P1 P2 P3 P4 P5 P6 P7 P8 

V(O6) 4.05 4.19 4.28 4.32 4.48 2.25 2.50 2.66 

V’(O6) - - - - - 2.71 2.63 2.62 

V(C5) 2.60 2.59 2.58 2.70 - - - - 

V(C2) - - - 0.79 1.76 2.20 2.29 - 

V(O6-C5) 3.15 3.06 3.00 2.98 2.92 2.71 2.49 2.35 

V(C5-C1) - - - - 2.78 2.65 2.54 2.40 

V(C5-C2) - - - - - - - 2.40 

V(C1-C2) 5.23 5.14 4.78 4.36 3.47 2.90 2.88 2.82 

 

The ELF analysis, reported in the Table 7 and Figure 8, 

shows that for the first three points P1, P2 and P3, two 

monosynaptic basins V(O6) and V(C5) associated with 

oxygen and carbon lone pairs, and two disynaptic basins 

V(O6, C5)and V(C1,  C2) linked respectively to the CO 

and CC triple bond. In P4, in addition to the previous 

basins, a new monosynaptic basin is emerging V(C4) 

and we notice a depopulation of V (C1, C2) going from 

4.78e to 4.36e, this change implies that electron density 

starts to migrate from CC triple bond towards the V(C5) 

basin which implies that this bond is going to be 

transformed into a double bond. A new disynaptic basin 

V(C5, C1) is created in P5 corresponding to the 

formation of C5-C1 sigma bond integrating a 

population of 2.78e, we also notice the increase in the 

electron density in V(C2), which reaches a maximum 

value of 2.29e in P7, this monosynaptic basin suggests 

the formation of a pseudo radical center at the carbon 

C2. In P8 the monosynaptic basin V(C2) disappears, 

and a new disynaptic basin V (C5, C2) is created with a 

population of 2.40e and therefore the formation of the 

cyclopropenone. 
 

In the following Figure 9, the monosynaptic and 

disynaptic basins were illustrated to evaluate electron 

density during the reaction path and understand the 

formation of the new bonds.  
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Figure 9. ELF attractor positions for most relevant points of the IRC related with the formation of the 

cyclopropenone (one-step mechanism) 
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i.i. The reaction path, IRC and ELF study of the 

two steps mechanism of formation of the 

cyclopropenone are given in the Appendix file          

p. 187. 

 

4. Conclusion 

The reactional paths of formations of propynal and 

cyclopropenone have been calculated at 

the B3LYP/6-311 ++ G (d, p) level (and with M06-2X 

and WB97XD for comparison). Geometries, transitions 

states, activation energies and reaction paths were 

properly determined. ELF analysis was performed in 

order to understand the formation of propynal and 

cyclopropenone, molecules detected in the interstellar 

space. 

The formation of these molecules is examined from the 

reaction of carbon monoxide (CO) and acetylene 

(C2H2). The two reactions seem to be in one-step 

mechanism. 

The propadienone, another isomer, has also been 

studied. All our results support an expectable low 

probability of propadienone astrophysical detection. It 

represents the less stable isomeric structure and displays 

the smallest dipole moment. The formation in the gas 

phase is not thermodynamically probable. Also, the 

stable ground electronic state (T) presents a triplet spin-

multiplicity character, a fact that can be related to the 

relatively small dipole moment. As known, the main 

group of astrophysical species shows closed-shell 

electronic structures. 
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APPENDIX: Two steps mechanism of the cyclopropenone (CP) formation 

 

Mechanistic study 

Table 8 recapitulates the total and relative energy of the reactants, TS’s and product for the two steps mechanism of 

the cyclopropenone formation (reaction 2). The reaction path is shown in Figure 10. 

 

Table 8. Total energy E (u.a) and relative energy Er(kcal/mol) of stationary points for different isomers reactions at 

B3LYP/6-311++G(d,p) level. 
 

Reaction Compounds E (u.a) ΔE (u.a) ΔE (kcal/mol) 

Reactants -190.687573 - - 

Reaction 2 

(2Steps) 

TS1 -190.652501 0.035 22.01 

Intermediate reaction (IR) -190.664161 0.023 14.69 

TS2 -190.649766 0.038 23.72 

Cyclopropenone -190.700323 -0.013 -8.00 
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Figure 10. Relative energy profile of cyclopropenone formation according to the two-step mechanism  

(Reaction 2) 

Topological analysis 

IRC calculations are given in Figure 11. Details of the electronic populations of the most relevant ELF valence basins 

of selected structures along IRC are reported in Figure 12. 

 
Figure 11. IRC of formation of CP 

 

Table 9. Valence basin populations of some points calculated from the ELF analysis. 

Points P1 P2 P3 P4 P5(TS) P6 P7 P8 P9 P10 

V(C1,C2) 5.20 4.60 4.26 3.96 3.58 3.34 3.12 2.94 3.08 2.80 

V(C5) 2.13 2.58 2.58 2.76 2.87 1.55 - - - - 

V(C1) - 0.62 1.00 1.20 1.50 1.68 1.83 1.94 1.99 2.00 

V(O6) 4.25 4.28 4.35 4.37 4.45 4.50 4.57 4.63 4.67 4.68 

V(C5,O6) 2.59 2.99 2.95 2.93 2.88 2.84 2.81 2.82 2.86 2.88 

V(C2,C5) - - - - - 1.40 3.02 3.07 2.84 3.06 

Points P11(IR) P12 P13 P14 P15(TS) P16 P17 P18 P19 P20 

V(C1,C2) 6.10 6.08 2.93 2.83 2.80 5.92 3.05 2.81 2.81 2.81 

V(C1,C5) 2.57 2.59 2.63 2.68 2.74 2.63 2.57 2.39 2.39 2.39 

V(C2,C5) 1.86 1.78 1.56 - - 1.60 1.90 2.39 2.39 2.39 

V(C5,O6) 2.36 2.38 2.41 2.44 2.52 2.41 2.36 2.34 2.34 2.34 

V(O6) 5.27 5.26 5.21 5.17 5.09 5.22 5.27 5.34 5.34 5.34 

V(C2) - - - 2.15 1.05 - - - - - 

Reagents

-190.653

-190.678

-190.664

-190.655

P5 = TS1

IR

CP

Energy in a.u.

Intrinsic reaction coordinates (IRC)

P1

P2

P3

P4 P6

P7

P9

P8

P10

P5 = TS2

P1

P2

P3

P4 P6

P7

P8

P10

P9
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In Figure 11 are the electronic populations of the most relevant ELF valence basins of selected structures along the 

IRC associated with the cyclopropenone formation from CO and acetylene. ELF study of IRC for cyclopropenone 

formation is carried out for different teen points.  

The result reported in Table 9 shows the appearance of the V (C2, C5) disynaptic basin in P6, with an electronic 

population of 1.40e, that increases to 3.06e in point P10.  This indicates the formation of the first C2-C5 single bond 

of a pseudo radical type. Furthermore, we remark an absence of the monosynaptic basin of lone pair V(C2) in P7 to 

P10 due principally to their contribution to enriching C2-C5 single bond region. Note that the C2 carbon is the most 

nucleophilic center of CO and the C5 carbon corresponds to the most electrophilic center of acetylene. The 

depopulation of C2-C5 bond and the donation of electron density by lone pairs of C2 atom, revealed by this ELF 

study, can be related to the pseudo-radical-type reaction between CO and acetylene. 

 
  

 

   
 

Figure 12. ELF attractor positions for most relevant points of the IRC related to the formation 

of the cyclopropenone (two-step mechanism) 


