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Using the different level of methods B3P86, BLYP. B3PW91, HF, QCISD. CASSCF (4,4) and MP2 with the
various basis functions 6-311G** D95, cc—-pVTZ and DGDZVP, the calculations of this paper confirm that the ground
state is X3B; with Ca, group for CHa. Furthermore, the three kinds of theoretical methods, i.e. B3P86. CCSD(T,
MP4) and G2 with the same basis set cc-pVTZ only are used to recalculate the zero-point energy revision which are

modified by scaling factor 0.989 for the high level based on the virial theorem, and also with the correction for basis

set superposition error. These results are also contrary to )~(3Eg_ for the ground state of CHg in reference. Based on

the atomic and molecular reaction statics, this paper proves that the decomposition type (1) i.e. CHys —CHa+Hao, is

forbidden and the decomposition type (2) i.e. CHs —CHs+H is allowed for CH4. This is similar to the decomposition

of SiHy4.
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1. Introduction

Just as mathematician and philosopher A. N.
Whitehead (1861-1947) said early, ‘It is no paradox
that in our most theoretical moods we may be nearest
to our most practical applications’. Symmetry is one
of them. The dissociation of SiH, itself has been most
widely studied .The question of whether the decom-
position proceeds by a reaction of type (1) or type (2)

remains controversial,l!! i.e.

SiH, — SiH, + H, (1)
SiH, — SiHjs + H. (2)

Furthermore, the dissociation of SiH, is closely re-
lated with the decomposition of disilane and dimethyl-
siloxane, which would be rather important for practi-
cal applications!' ~3! and extend much progress in this
field.[4~6l

Based on the atomic and molecular reaction

(7 and group theory, we have proved that the

statics
decomposition type (1) of CHy is forbidden by sym-
metry, however, the decomposition type (2) of CHy is
allowed .

The question is that does the decomposition of

CH4 have the same symmetry as SiH4? It is worth no-

symmetry, free radical CHy, decomposition of CHy

tice because both of them have the same group Ty .The
procedure in consideration of dissociation for CHy
leads to an interesting discovery that one of decom-
position constituent CHy is not *%; of Doy group
but the Cy,, group with state 3B;.This is why we have
to confirm what is the ground state of CHj first of all.

2. Theoretical method

2.1. What are the possible electronic
states of CH, by atomic and molec-
ular reaction statics

Suppose the molecule CHs is linear, i.e.Dsop
group. Using the resolution and direct product of
group representations, we have the following possible
electronic states!8! of CH, if Hy is ground state and C
is in ground state 3Pg or excited state 1Dg:

C + Hy — CHy(Doon)
13p, 'Zf 333
21D, 'Zf  lmfl A,

On the other hand, if molecule CHs is C5,, symme-
try. Using the resolution and direct product of group
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representations, we have the following possible elec-
tronic states of CHy if Hs is ground state and C is in
ground state 3Pg or excited state 1Dg:

C + Hy; — CHy(D3)
13P, IEgJ“ 3A5,3B1,3By
2 1D, 12’; 21 A1, A5 By, By
So, the most possible electronic states of CHy are
3Ay, 3By, 3By. The ground state 3B; of CHs, which

will be confirmed by the following calculation, is one
of them."]

2.2. The quantum mechanical calcula-
tions of the electronic states of CH,

Using Gaussian 03,['% we have applied the dif-

ferent level of methods B3P86, BLYP, B3PW91, HF,
QCISD, CASSCF (4,4) and MP2 with the various ba-
sis functions 6-311G**, D95, cc-pVTZ and DGDZVP
to optimize the geometry of CHy for the symmetry
Do, and Co,.
Table 1.

The calculated results are listed in

Table 1. The energy of the states 3Zg_, 3B; and 'A; for CHa.

Energy (F/arb. units)
Symmetry
Method Basis function Cay Doon
Electronic State
3B, 14, 35p
6-311G** —-39.3056 —-39.2800 —39.2979
B3P86 D95 —-39.2930 —39.2582 —39.2861
cc—pVTZ -39.3094 —39.2852 -39.3018
DGDZVP —-39.2970 -39.2730 —39.2886
6-311G** -39.1387 —39.1206 -39.1317
BLYP D95 -39.1251 —-39.0978 -39.1192
cc—pVTZ —-39.1432 -39.1265 —-39.1363
DGDZVP -39.1320 -39.1147 -39.1246
6-311G** —-39.1500 -39.1222 —39.1423
B3PWO1 D95 -39.1378 —-39.1006 —-39.1308
cc—pVTZ -39.1540 -39.1274 -39.1463
DGDZVP —39.1417 -39.1155 -39.1333
6-311G** —38.9341 —38.8875 —-38.9220
HF D95 —38.9180 —38.8620 —38.9078
cc—pVTZ —38.9379 —38.8925 —38.9259
DGDZVP —38.9189 —38.8754 —38.9058
6-311G** —38.9339 —38.8871 —-38.9219
QCISD D95 —38.9173 —38.8608 —38.9072
cc—pVTZ —38.9377 —38.8923 —38.9258
DGDZVP —38.9184 —38.8747 —38.9055
6-311G** —38.9351 —38.9177 —38.9187
CASSCF(4,4) D95 —38.9196 —38.8875 —38.9053
cc—pVTZ —38.9388 —38.9248 —38.9227
DGDZVP -38.9200 —-38.9045 —38.9028
6-311G** —38.9340 —38.8873 —38.9220
MP2 D95 -38.9177 -38.8614 -38.9076
cc—pVTZ —-38.9378 —-38.8924 —38.9259
DGDZVP —-38.9186 —-38.8751 —38.9057

In order to have precise results, we would prefer
to recalculate the radical CHy and confirm that its
ground electronic state is X3B; with Cy, group, but

not the X 3Eg’ . Therefore, the three kinds of theoret-
ical methods, i.e. B3P86, CCSD (T, MP4) and G2,
are used with the same basis set cc-pVTZ to consider
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the zero-point energy (ZPE) revision which are mod-
ified by scaling factor 0.989 for the high level based
on the virial theorem, and also with the correction for
basis set superposition error (BSSE).['!l So, the total

energy Eioi=FEc+E;px0.989 + Epgsg. All are listed
in the Table 2. In comparison with these results, it
is deeply believed that the ground electronic state of
CH, is X3B; indeed.

Table 2. The Energy corrected.

method and basis function Energy 3B TA; 32§

E./arb. units —-39.3094 —39.2852 -39.3018

B3PS6//cc-pVTZ E,pe/arb. units 0.0172500 0.016599 0.0154260
Egpgsg/arb. units 0.000243818 0.000402556 0.000256100

FElo1/arb. units -39.2921 -39.2684 —39.2863

Ee -39.0779 -39.0614 —-39.0684

CCSD(T,MP4) /cc—pVTZ E,pe/arb. units 0.0173420 0.0166460 0.0153630
Eggsg/arb. units 0.00166766 0.00316860 0.00159383

Eio1/arb. units —39.0590 —39.0418 —39.0517

Ee —39.0855 -39.0744 —-39.0764

G2/cc—pVTZ E,pe/arb. units 0.0164530 0.0160340 0.0142910
Epgsg/arb. units 0.00327217 0.00976972 0.00305947

Eio1/arb. units —39.0659 —39.0488 —39.0592

From Table 1 and Table 2, it is obvious to see
that for the all methods with the basis functions used
here, the lowest energy is the state 3B, therefore, it
would be the ground state, which is quite contrary to
Ref.[12] which shows the linear molecule with ground
state X’g'Zg’ for CHy .

2.3. The symmetry for CH; decomposi-
tion

In the following we shall prove the symmetry of
decomposition type (1) and (2) of CHy based on the
atomic and molecular reaction statics and group the-
ory.

At first, we prove whether the symmetry of the
decomposition type (2) of CHy is allowed.

b
CHy(Ty, 1A1)§’CH4(C3M 'Ay)
= CHj(Dsn, *A3) + H(*Sy).

Because the group Cj3, is the subgroup of Ty, the de-
composition from CH,[!3:14] (Ty, A1) to CHy (Cs,,
1A;) is possible, i.e. the irreducible representation
LA, of Ty can be resolved into the irreducible rep-
resentation 'A; of Cs,. Therefore, the process b is
possible. According to the principle of microscopic re-
versibility, the process c is also possible. Moreover,
because Cj, is the subgroup of D3, and O (3) too, the

process d is possible. Then, the process e is also pos-

sible. Therefore, the decomposition type (2) of CHy
is symmetrically allowed.

Then, we will prove the symmetry problem of the
decomposition type (1) of CHy. The possible process
is as follows:

b e ~
CHy(Ty, ' A1)z CHa(Cs0, ' A1) =2 CHy (Ca, X* By, ' Ay

or
DoohaX?)Egj;

or
Dooha 1Eg71Ag7 [BngD +H2<D00hv 12;7321;r)'

On a similar way above, processes b and c¢ are pos-
sible. Although Cs, is a subgroup of D, however,
both Cs, and Cs, are not subgroup each other, so the
processes d and e are forbidden, the decomposition
type(1)of CHy is not allowed on the symmetry.

3. Conclusions

(1) The present work explores that the ground
electronic state is X3B; with Cs, group for CHj,
which is contrary to X 3Z’g_ in reference.

(2) We prove that the decomposition type (1) is
forbidden and the decomposition type (2) is allowed
based on the theory of atomic and molecular reaction
statics for CH4 .This is similar to the decomposition
of SIH4
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(3) We believe that the decomposition of CHy

would be firstly to form CHs not the CHs as an inter-

mediate. By some possibility, the two free radical CHg

will be formed to ethane CoHg, and dehydrogenate to

form ethylene CoH,4 or acetylene CoHs. It is hopeful

that the present work would be beneficial to evaluate

the mechanism of CH4 decomposition.
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