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Abstract: The simulation of photooxidation reaction of acetylene by triplet nitro
compounds was performed by means of the uB3LYP/6-31g+(d) quantum
chemistry method. HNO, was selected as an oxidizing agent, and acetylene was
used as a substrate in quantum chemistry calculations of the reactions giving
glyoxal as a product. The final product is obtained in four stages, the transition

state geometry and activation energy were determined for all steps involved.
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INTRODUCTION

The photochemical oxidation of olefins by nitrocompounds has previously
been studied in [1]. The result of this reaction is ethylene oxide, when ethylene
being selected as the oxidizable component. The reaction proceeds in two stages
[1]. It is interesting to study the similar addition reaction taking acetylene as the
oxidizing component. We have performed quantum chemical calculations of the

transition states involved in the reaction and have tried to propose its mechanism.

METHODOLOGICAL PART

The quantum - chemical modeling of reaction of photooxidation of acetylene
by nitro compounds has been performed by uB3LYP/6-31g+(d) method. A
software package Gaussian-03 [2] has been used for the calculations. The choice of
method of calculation is based on the results of [1].

The criterion of the correctness of the transition state geometry finding was a

presence of the only "imaginary" frequency. Refining of the transition state
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geometry was performed by the IRC method. The activation energies of the
reactions were calculated as a difference between total energies with zero-point
energies addition of the initial molecular system and corresponding transitional

state.

RESULTS

The proposed reaction mechanism between acetylene and nitro compound
consists of four stages. There has place an addition of the triplet nitrocompound to

a acetylene molecule in the first stage.
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The spin density is concentrated on the oxygen atoms and with the value of

0.75 and 0.75 a nitro compound, thus it shows that it is in the triplet state, and the

oxygen atom 0.49 and carbon 1.1178 in the reaction product. Spin density values are

shown in Table 1. The activation energy of the first stage was 5.63 kcal mol™. The
activation energy can be found in Table 2. The transition state is shown in Figure 1.

In the second stage, an addition of the second nitro compound molecule to

the product of step 1 occurs in the triplet state.
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Addition of the nitro compound occurs in the triplet state with spin density
being of 0.7515 and 0.7486 at oxygen atoms. The activation energy of this stage
was 10.44 kcal mol™'. The transition state is shown in Figure 1.

At the third stage and fourth stage there occurs a decay of the second stage
product to form at the end glyoxal at the singlet state and nitroso compound at the

triplet state.
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The values of spin density on the nitrogen and oxygen atoms are of 1.0600
and 0.8544, respectively. The activation energies of reaction (3) and (4) are 12.12

and 6.21 kcal mol™. The transition state is shown in Figure 1.

Table 1. Distribution of spin densities at the 4th step

C,H;0;N C,H,0, HNO transition state

(HC -0.04 0.00 - -0.08
2)C 0.63 0.00 - 0.48
(3N - - - -

4)0 0.33 0.00 - 0.21
(5)0 : : : :

(6)O 0.15 0.00 - -0.11
(7O 0.54 - 0.85 0.74
(8)N 0.00 - 1.06 0.69




C,H, HNO, C,H;0,N transition state
(HC 0.00 - 1.12 0.29
2)C 0.00 - -0.20 0.29
(3N - 0.46 0.44 0.45
4)0 - 0.75 0.06 0.47
(5)0 - 0.75 0.49 0.47

C,H30,N (T) HNO, C,H,O4N, transition state
(HC 1.12 - -0.00 0.30
2)C -0.19 - 0.04 0.38
(3N 0.44 - 0.43 0.14
4)0 0.06 - 0.06 0.13
(5)0 0.49 - 0.07 0.04
(6)O - 0.46 0.50 0.07
(7O - 0.75 0.47 0.50
(8)N - 0.75 0.42 0.48

C,H,O4N, C,H;05N HNO transition state
(HC -0.00 -0.04 - 0.05
2)C 0.04 0.63 - 0.06
(3N 0.43 - 0.00 0.38
4)0 0.06 0.33 - 0.07
(5)0 0.07 - 0.00 0.45
(6)0O 0.50 0.15 - 0.04
(7O 0.47 0.54 - 0.44
(8)N 0.42 0.00 - 0.46
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Fig.1 Transition states of the investigated reaction (1-4 - stage reaction)

CONCLUSIONS

The method uB3LYP/6-31 + g (d) revealed that photo-oxidation reaction
of acetylene by nitrocompound includes four stages. At the first stage, a non-cyclic
compound triplet, At the second stage the adduct adds another nitrocompound
molecule. After destruction of the second stage product at the third and fourth
stages a glyoxal molecule is formed. The activation energy of the rate-limiting step
is of 12.12 kcal mol™.
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