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Abstract : We have calculated Einstein /f-coeflicients for rotational transitions in the ground vibrational state of the SiiC molecule 
between the rotational energy levels up to 21 cm~'. The coefTicients are used to calculate the mean radiative lifetime of the levels. These 
/I-coefficients may be used as input parameters for analyzing the spectra of SijC, as and when it would be observed in an astronomical object The 
transitions -+ 614 (5.34 GHz) and Sm 7|? (14.74 GHz) may play important role for the search of the SijC molecule in astronomical objects.
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I. introduction

Two molecules, SiC and S1C2, comprising silicon and carbon 
atoms have already been observed in astronomical objects 
[1-4]. SiCz is an a-type asymmetric top molecule. Einstein 
4-coefficients for rotational transitions in the ground 
vibrational state, and in the vibrationally excited vi state of 
SiC2 have been calculated by Chandra and Rashmi [5], and 
Chandra and Sethu [6], respectively. A number of lines in the 
observed spectra of astronomical sources are still unidentified. 
As per speculations [7,8] some of these lines may come from 
SijC, Si2C3, Sis or Si4 molecules. Very little information 
about these molecules is known. Theoretical studies of 
SiiC have, however, been carried out by a number of authors 
[9-12].

Since the temperature in astronomical objects, in general, 
is rather low, the probability of observation of SiiC through 
its rotational transitions is larger than that through its vib- 
rotational ones. In the event of the observation of SiiC in an 
a.stronomical object, Einstein y4-coefficients for rotational 
transitions in the ground vibrational state of the molecule 
would be one of the input parameters required for analyzing 
the spectra. Therefore, in the present investigation, we have

calculated Einstein /4-coefficients for rotational transitions in 
the ground vibrational state of SiiC molecule.

2. The SiiC molecule -asymmetric rotor
Geometry of the SiiC molecule is shown in Figure 1 where 
the angle a  is obtuse. The axis of symmetry for the molecule,

Si

Figure 1. Geometry of the S12C molecule.

lying in its plane, is denoted by 1. Another axis, lying in the 
plane, perpendicular tb the axis 1 and passing through the 
centre of mass is denoted by 2. We have one more axis, 
denoted by 3, perpendicular to the plane and passing through

Inordinate delay in the acceptance of this manuscript is due to long time taken by the author for revision. © 2002 lACS

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by IACS Institutional Repository

https://core.ac.uk/display/159339943?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


650 Suresh Chandra

the centre of mass. The moments of inertia about these three 
(principal inertial) axes are

1\ -  56r^ sin^ a /2 ,  

h  = cos2 a l l .

I3 =56r^j^l-yyC0S^ a /2 j.

Since a  is an obtuse angle, therefore h <  I\ < h- As per 
convention, the three principal inertial axes are named a, h 
and c in a manner such that the moments of inertia about 
them, la, h  and Ic repectively, satisfy the condition /<, ^  h  
^  /(.. Thus, obviously, the electric dipole moment {ji = 0.904 
Debye) of the Si2C is along the 6-axis of inertia. Further, all 
the three moments of inertia are different, I o * h *  h- Hence, 
it is a 6-type asymmetric top molecule. The molecular 
constants A, B and C are given by

H L
l ln

i i
27*

and C =
l ie

Energy of a rigid rotor is given by

E (A ,B ,C ) = ^
2 h

I t
21c

AP} + BP^+CP^
(1)

where Kg is the projection of J  on die axis of symmetry, c 
and it can assume (2J + 1) values. For a given J, the level 
tvith TTr = 0 is die highest one. Fuidier, all the levels with 
K c * 0  have a two-fold degeneracy as the energy does not 
depend on the sign of Kg.

For asjmunetric top molecule, unlike symmetric top 
molecules (prolate and oblate), there is no preferential 
axis, and the molecular interdal axes, a, b and c may be 
identified with the space-fixed axes, x, y  and z  in six ways 
(Table 1).

Table 1. The six representations of molecular fixed axes a, 6 and c 
identified with the space fixed axes x, y , and z and the parameters F, c. 
and / /  for the representations.

r ir n' nr
X b c c a a b

y c b a c b a

z a a b b c c

F (/r - l)/2 ( K -  l y i 0 0 (K^^‘ \ y i ( v +  l ) / 2

G 1 I K K - 1 - I

H -<ir +  l)/2 i / c ^  l)/2 1 - I ( K -  l)/2 - - ( r -  l ) / 2

For two scalars er and p, eq. (I) gives 

E{oA-fp,dB+ p,{^-¥p')-aE(^A,B ,C)-¥pJ{J-f X). (2) 

Now, we choose

where Pa, Pt, and Pg are components of angular momentum, 
so that

P^ = P} + P^ + /»/ = J {J  +1)62 ̂  

where J  is rotational quantum number.
For a spherical top molecule. A -  B=‘ C, and the energy 

of a rotational level with quantum number J  is given by
E{J) = J{J  + \)B.

Here, rotational energy levels have (2 / + l)-fold degeneracy.
For a prolate symmetric top molecule A * B - C  (the axis 

of symmetry is the n-axis), and the energy of the rotational 
level, denoted by JjCo. is given by

E {Jk. ) = J { J  + \)B  + K U A -  C).

where K„ is the projection of J  on the axis of symmetry a, 
and it can assume {U  + 1) values. For a given J, the level 
with TTo * 0 is the lowest one. Further, all the levels with 
^  0 have a two-fold degeneracy as the energy does not 
depend on the sign of Kg.

For an oblate symmetric top molecule A=^B*C  (the axis 
of symmetry is the c-axis), and die energy of the rotational 
level, denoted by Jkc, is given by

a - A - C and p  = - A + C 
A - C '

so that
, . „ I B - A - CaA + p = l ,  oB + p  = —

and o C + p = - l ,

where *• is known as Ray asymmetry parameter, which is 
-1 for prolate top molecule, and +1 for oblate top molecule.

Energy levels for an asymmetric top molecule are denoted 
by JKa.Kg or J„ where a pseudo quantum number r, given by 
T -  K a -  Kg, can assume Q J  + 1) values ranging from ~J 
to J. For a given J, the lowest level corresponds to r  = -J -  
It shows that the level Jko,Kc lies in between the prolate level 

and the oblate level Jxg, depending on the value of k. 
Thus, from eq. (2), we have

£ ( l , r , - l )  = £:(v) = A - C E{A,B ,C )

A + C 
A - C

and thus energy of an asymmetric rotor is given by 

E (A ,B ,C ) = E (Jg ) * J ( J  +1)

+ I ^ E ( a-).



Table 3. Assignment of space symmetry species with the sub-matrices.
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For computation of £(*•), the matrix elements may be 
written as [13,14]

E K K = m J  + ^ ) - i F - G ) K \

±2 = 0.5//[y(y +1) -  £ (  £  ± 1)]'/' 

x [ J ( J - H ) - ( £ ± l X £ ± 2 ) f ^

where K is projection of J  on the molecular fixed axis of 
quantization. Values of the parameters F, G, and //, which 
depend on the representation, are given in Table 1.

3. Symmetry properties of wavefunctions of asymmetric 
rotor

The ellipsoid of inertia for an asymmetric rotor has a four- 
group V{a, by c) symmetry with character table for the species 

Ba. Bh and Be given in Table 2. Wavefunctions for

] able 2. Character table of b, c) group, and evenness (&) and oddness 
(f;) of Ka and Kt for the symmetry species

Symmetry species Ke

4
H,
Ik

1
~l

I
-I

-1
-1

1

-̂2
c i'
Cf :

Sub-matrix J+ r
‘'even ‘Aadd

Symmetry species

*̂ even ‘A>dd

E-
e e

e o

o e

o o

e 0

o e

e o

o e

A

Bg
By
B»

A

B,

E-{k )=

Em
y/2Eo2

0

E22 

E24

V2£„2
£22
£24

0
£24
£44

£24
£44

rotational energy levels of an asymmetric top molecule can 
be expressed as [13-15] :

= ^ J ,K t  = ¥  JKM Y  »

where V'jK/̂ fy +(~1)^^./-a'm ]> lo*" E * Q,

— for K = 0,

where y is 0 or 1, ^j/cm's the wavefunctions for symmetric 
top molecule and are expansion coefficients.

The wavefunctions 'EjkmY have the following 
characteristics with respect to the four group V(x, y, z) :

E : WjKMr -* ¥jKMr,
¥ j k m Y - >  W.ikmY^

WjkmY -* <EjkmY,
V'jkmY (-1)*^ WjkmY- 

These relations help in assigning the symmetry species of 
'̂(x, y, z) for even and odd values of K and y as given in 

Table 3. Witii the help of Tables 2 and 3, the energy levels 
and the energy matrix may be divided into four sub-matrices 
E , E , O* and 0~. E and O refer to the even and odd values 
of K, and the prefices + and -  correspond to the even and 
odd (0 and 1) values of y, respectively. The sub-matrices are 
Siven by [13-16]

O- (ic) =

and the division of the levels 
given in Table 4. Energy of

1̂1 + ^-11 En 0

En En £35
0 E35 En

1̂1 " ^-11 En 0

En En En
0 En En

for J  up to 3, for example, are 
a rigid asymmetric rotor does

Table 4. Division of energy levels into four sub-groups, E*, E , O*, and 
O  for the six representations

J K . AT r P W IP IW IIP

0 0 0 0 E^ E^ E* E^ E*

I 0 I -1 E^ E* 0 0 * 0 ^ 0 -
I 1 0 0 ^ 0 E* E^ 0 - O"
1 0 1 0 0 * c r 0 E* E*

2 0 2 -2 E^ E* £" E* E* E*

1 2 -1 0 * 0 0 - 0 * E E

1 1 0 0 c r E £' 0 ^ O '

2 I 1 E^ E O* 0 0 0 "

2 0 2 E^ E* £" £* E^ £"
3 0 3 -3 E* E* 0 - c r 0 * 0

1 3 -2 0* O' E^ E* O' 0 ^
1 2 -1 O' 0 * 0* 0 £* £"

2 2 0 £ E- E E £- £“
2 1 1 £" E* 0 0 * 0 * 0

3 1 2 0* 0 - E^ £" 0 - 0*
3 0 3 0 0 * cr O' E* £"
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not depend on die representation. However, the wavefunctions 
(expansion coefficients) depend strongly on the 
representation. This division into sub-matrices helps in the 
way that for a given J  we have not to find out eigenvalues 
and eigenfunctions of a square matrix of order {2J + 1), but 
to solve four sub-matrices, E * ,E  , 0 *  and O  of orders given 
in Table 5.

Table 5. Order of submatrices

Submatrix J  even y odd

\ { J  + 2) ^ G + l)

E-
I
I -'

1
J G -  1)

0 * I - ' j G +  1)

a

4. Eigenvalues and eigenfunctions of energy sub-matrices

For a given 7, eigenvalues and eigenfunctions ( i . e . ,  the
coefficinets ) of sub-matrices are calculated. For example,
for 7 = 3 ,  there are 2 , 1, 2, and 2 levels belonging to £ ,̂
E  , O ' ,  and O sub-matrices, respectively. Thus, orders of
sub-matrices £ ,  0 \  and O for 7 = 3 are 2 , 1,2, and
2, respectively. Sub-matrices of orders 1 and 2 can be solved 
analytically also. The eigenvalues do not depend on the 
representation, and their values for J  up to 3 is given in
Table 6.

Table 6. Eigenvalues for the level.

J  K, K. Eigenvalue

0 0 0 0
1 0 1 *■- 1

1 1 0
1 0 *■ + 1

2 0 2 2(*-- (** + 3)''=1
1 2 «--3
1 1 4 k

2 1 K +  3
2 0 2fv+(*» + 3)''>]

3 0 3 5*r -  3 -  214*5 + 6*-+ 6]'̂
1 3 2[*:-(*5+ 15)''5]
1 2 5* + 3 -  2[4*5 -  6*-+ 6)''5
2 2 4 k

2 1 5k- -  3 + 2[4*5 + 6* + 6J'"
3 1 21*-+ (*» + 15)'"]
3 0 5*-+3 + 2[4*5-6«-+61'"

Eigenfunctions depend on the representation and analytical 
expressions for the expenasion coefficients up to ,/ = 3 are 
given below [15] :

7 = 0

7 =  1

7 = 2

an' =

E* ^0 = 1.

E^ = 1,

O* = 1,

o - = 1.

E- «o' = 1.

0^ = 1,

o- a t' = 1,

[VoG -F )^
------ T-+3//2 + (G -F )]

>/2[(G

\ff\[yl(G -F )2 + 3 //2  - ( G - /

/ /V 2 [(G -F )2 + 3 //2 ]‘'‘'

[VoG -F )2
. ll/2+ 3//2 - ( G - F ) |

^ [ ( G -F )2 + 3 //2 ]" '‘

\H \[4 (G ^
........... ..... i!
F )2+ 3 //- + (G -F )J

1/2

7 = 3

^  aS

H ^/2 [iG -F y+ 3 H ^]

[V (G -F)2+15//2 + (G -  

V 2[(G -F)2+15//2 ]" '‘

1 //|[V (C -F )2+ 15 //2  - ( G - F ) ]

H ^/2 [(G -F )^+ l5 H ^ f*
02" '= -

[V (G -F)2 + 15//2 _ ( G - F ) ] ’̂  ̂

V I[(G -F )2 +  1 5 / /2 p

|//|[V (G -F )2+ 15 //2  + (G -F )]

/ /V 2 [(G -F )2 + 1 5 //2 p

an‘ =

a t ‘ =
[2V4(G-F)2+6(//2+F//-G//)+(4G-4F-3//)] * 

2[4(G- F)2 + 6(//2 + FW -  G H ) f*  

1//{2V4(G-F)2+6(//2 + F //-G //)-(4G -4F -3//)  

//2[4(G-F)2 +6(//2 + F H - G f f ) f ' ^
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Ai
Oi -

[2V 4(G -F)2+6(//2 + F / / - G / / ) - ( 4 G - 4 F - 3 / / ) ]  

2 [4 (C -F )2  +6(H2 + FH-GH)]'^*

Ay _

|W |[2V4(G-F)2+6(//2 + F / /- G / / )+ ( 4 G - 4 F -3 / / ) ]  

/ /2 [4 (G -F )2  +6(//2 + F //-G //) ]

O ay'

2^4(G -F)2  + 6(H ^-F H + G H )  + (4 G -4 F  + 3//)] 

2 [4 (G -F )2  +6(A/2 -  F/Z + G//)]'"*

|// |[2 V 4 (G -F )2 + 6 (//2 -F //+ G //)-(4 G -4 F + 3 //)]  

//2 [4(G -F )2+ 6(/y2  _ / r / /+ c / / ) f '*

[2V4(G~F)2 +6(Z/2 -FW  + G / / ) - ( 4 G - 4 F  + 3//)]'^^ 

2[4(G - F)2 +6(//2 -F //+G //)]''"*

W|[2V4(G-F)2 + 6 (H ^-F H  + GH) + (4 G -4 F + 3 //)]

/ /2 [4 (G -F )-  +6(Z/2 - F / /+ G / /) ] ‘̂ ‘'

e wavefuncti 
be written as [17,18]

I--------

where is energy of the rigid molecule, and E^j^, E ^K  
Êj A , ®*‘® various order corrections :

£ y ;  f  - A j J ^ u  + 1 ) 2  -  A j ^ J U  + \ ) { P ? ) ~  A k { p * )

\ 2 S j a J { J  +  \ ) [ W j , - { P f  ) ] - 2 S,:<t [Wj , { p , ^ ) - {  P* ) ] .

+ 1)2 + J  + 1)2 (/>,2 )
I

+ 1)(f/  )+ / /at ( f/ )  + 2A,a/2{ J  +1)2 

^[Wjr ~ {P i)Y 2 h j^ a J {J  +1)[Wj,{P,^) ~ ( ^ ' )] 

^2hK c{W j,{pf)-{p,^)],

+ L„ ( P/ ) +2/^<r[«:,, ( P6 ̂   ̂;̂ 8 J] ^

= /’yc ( ) + 2op^ [wo, (/>«)_( / l̂o ^

2 v 4 -F -C _2£5®‘ - ( f i  + C)J'(^ + l) . 
2 ^ - S - C

where ; IT,, =

The distortional constants Aj, Ajk. Afc, Sj, 6k  ̂ Hj, Hjjc, 
^Kjy Hfc, hj, hjfc, /?A', Liij  ̂ Lk  ̂ Ik> Â'» /?at arc 

1 inally, the wavefunctions for asymmetric top molecules can derived form the observed spectra of the molecule. Values
of rotational and some distortional constants for SiaC 
molecule, received from Spielfiedel [20], are given in Table 7. 
(The distortional constants which are not given in the Table 
are zero.)

where a, y are the Eulerian angles specifying the orientation  ̂ Rotational and distortional constants of Sî C in MHz.

of the molecule, is the Wigner D-function and the

expansion coefficients Fr.it given as

S t,K 7-/r

-aJT— ar

for F  > 0,

for F  < 0, 

for F  = 0.

Parameter

A

B

C

Aj
Ajk

Ak

Sj
Sk

Value

61130.41277 

4382.68308 

4089.17105 

0 00819 

--0.62125 

14.71947 

0.00128 

0.03239Distortional effects
Treatment of asymmetric top molecules discussed so far is —
for the rigid rotor case. However, owing to the rotational ^ selection  rules for rad ia tiv e  tra n s itio n s  and
•ootion, the molecule is distorted and the energy levels are probabilities for the allowed transitions
affected [19]. Energy of the level 7 , is therefore given by * ■ j- .< ■ c , „  ̂ a^  From the symmetries discussed in Section 3, for o-type

£ . ,  = £ X > + £ j'. '+ £ 5 ;’ + £ l?  + £ S '. asymmetric top molecule {e.g., SiiC molecule), radiatlvely
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allowed transitions are governed by the selection rules 
[17,18] :

y : A y  -  0, ±1,
ktn kc : even, odd ^  odd, even (ortho-transitions,) 

even, even <-> odd, odd (para-transitions.) 
Thus, the molecule is divided into two independent species, 
called ortho and para. For radiative transitions between the 
rotational levels given by Ajjm and Afx>M the dipole moment 
matrix elements are

Table 8. Einstein i^-coefficients for rotational

(//̂  ) = J Aj-r’MP^y , 
) = J  '^JjM dn,

where // is the electric dipole moment of the molecule, and 
Oji, By and 6̂  are direction cosines of the electric dipole 
moment.

In the first right (70 representation, where the axis of 
quantization is along the n-axis of inertia. For the transition 
J \  - Jry  the line strength is given by

j

S
 j  I r  . r  l

where C’s are the Clebsch-Gordan coefficients [21 ]. Einstein 
>4-coefficient for the transition is given by

A { j'r - -^ J r )  = 64rr*v^S(J’r' - J r )
3hc^{2J' + \) '

where v  is the frequency of the transition, h the Planck’s 
constant,, and c the speed of light.

7. Results for SijC and discussion 
The required values for the molecular constants and 
distortional constants for Si2C molecule have been provided 
by Spielfiedel [20] and are given in Table 7. The value of 
electric dipole moment ^  = 0.904 Debye has been obtained 
from Spielfiedel [20].

The computed value of the Einstein v4-coefficients for 
rotational transitions between the levels up to 21 cm~' are 
give in T ^ les  8 and 9 for ortho and para species, respectively. 
The Einstein yf-coeificients are used for computing the mean 
radiative lifetime of die level ;

1_______

y t* J r A is - ') y T* J r T P p
i 1 1 -I 9.95  * 2 - i I -1 1.23 moT
2 1 1 1 2,08 * icr* 2 1 2 -1 8.91 X 10-6
2 -1 3 -3 7.29 X 1(H 2 1 3 -1 1.32 > 10-*
3 1 2 ~1 l.88xl0-» 3 3 2 1 Ml 1(H
3 -1 3 ~3 6.26 X 10-’ 3 1 3 -1 1.28 5̂
3 3 3 -3 1.11x10^ 3 3 3 1 3.05x lo-i
3 1 4 -3 1.54x10-* 3 3 4 -1 3.03 X 10-6
4 -3 3 -3 2.03 X 10-* 4 -1 3 -1 2.09 X 10-̂
4 1 3 -3 3.13 X io-» 4 1 3 1 9 80 X 10 '
4 -1 4 ~3 I.22xI0-» 4 1 4 -I 4.28 X 10̂
4 -3 5 -5 8.71 X l0-» 4 -1 5 -3 1.52 X lô »̂
4 1 5 -5 1.62xl0-» 4 1 5 -1 5.13x10*-
5 -1 4 ~3 1.90x10-’ 5 -3 5 -5 1 08 X U) 6
5 -1 5 -3 1.23x10-’ 5 -1 6 -5 l.56x io-<*
6 -5 5 -5 3.07 X I0-* 6 -3 5 -3 1.77 X 10'
6 -3 6 -5 1.17x10-’ 6 -3 7 -5 9.93 X 10-7
7 -7 6 -5 3.03 X 10-'® 7 -3 6 -5 1 97x 10 '
7 ■̂5 7 -7 1.05x10-* 7 -3 7 -5 U 2xl0^
7 -3 8 -7 9.95 X 10-’ 8 -7 7 -7 4 41 X 10-6
8 -5 7 ~5 2.04x10-’ 8 -5 8 -7 1 23 X ]()'
8 -.5 9 -7 6 15x10’ 9 -9 8 -7 3 06 X l0-«
9 -5 8 -7 2.27 X 10-’ 9 -7 9 -9 1 17x 10*'
9 -5 9 -7 1.13x10-’ 9 -5 10 -9 6 89x 10-

10 -9 9 -9 6.25 X 10-* 11 -11 10 -9 1.88 X 10-7
11 -9 11 -11 1.33 X 10̂ *

Table 9. Einstein '̂Coefficients for rotational transitions in parâ Sî C

(3)

J ' r ' J r y f' J r A (s ')

1 0 0 0 9.73 X 10-’ 1 0 2 -2 1.21 x lO ’
2 2 1 0 2 .0 9x1 0 -’ 2 0 2 -2 1.01 > 10*
2 2 2 0 8.84 X 10-* 2 2 3 -2 1,13 > 1C'
3 -2 2 -2 1.59x10-* 3 0 2 0 1 .87x10 ’
3 2 2 -2 7.32X l0 - ’« 3 2 2 2 1.11 X 10'
3 0 3 -2 1 .12x10-’ 3 2 3 0 3 .0 5 x1 0 ’
3 -2 4 -4 3.20 X 10-* 3 0 4 -2 1.49 X 10*
3 2 4 -4 3.93 X 10-‘» 3 2 4 0 3 .03x10*
4 0 3 -2 1 .85x10-’ 4 2 3 0 9.80 X 10-’
4 -2 4 •4 1.04 X 10-* 4 0 4 -2 1 .19x10 '
4 2 4 -4 4.68 X l0-» 4 2 4 0 4 .2 8 x1 0 ’
4 0 5 -4 1.62x10-* 4 2 5 -2 5.13x10*
5 -4 4 -4 2.53 * 10-* 5 -2 4. -2 1 88 X10 '
5 -2 5 -4 1.28 X 10 ’ 5 4 6 4 2.90 X 10-'
5 -2 6 -4 1.43x10-* 6 -2 5 4 1 .82x10 '
6 -4 6 -6 1.00 x l ( H 6 -2 6 4 1.11 x I O '
6 -2 7 -6 1.15x10-* 7 -6 6 4 3.65 X 10*
7 -4 6 -4 1.91 X 10-’ 7 4 7 4 1 .20x10 '
7 -4 8 -6 8.01 X 10-’ 8 4 7 4 6.64x10-’
8 -4 7 -6 2.11 X I0 - ’ 8 4 8 4 1.10x10*

8 -4 8 -6 1 .12x10-’ 8 4 9 4 8.37 X10-’
9 -8 8 -8 5.28 X 10-* 9 -6 8 4 2.19 X 10’
9 9 -8 1.26x10-’ 9 4 10 4 4.49x10-’

10 -1 0 9 -8 8 .6 4 x |0 -» to 4 10 -1 0 1,23x10*

U -1 0 10 -1 0 7.32 X10-*
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riic calculated values of the mean radiative lifetime of the 
levels are given in Table 10. It is interesting to note down

table

,/

10. Energy and mean radiative lifetimes o f  the rotational levels

r ' E (cm  ')  T{s) ./ A'(cm 7’(s)

-1
-3

1
•1

- I
-5
-3
-3

-5
7
I
I

-5
- I
-7
-I

-3
-7
-3
-9
-5

- I I
3

-5
I

- 9

0 28 
1.68 
2 26 
2.80 

3.38 
4 20
4.73
6 25

7.73
7 91

8.73
9 57 

9,95
10 69 
11.89
12 09 

12.70
13 52
14 83
15 50 

17,17 
17 76 
18.62
19 40

20 32 
20 52 
20 86

1 01X10'-
7 67 >■ 10^ 
1.60 x l 0 ‘

4 9 1 x 1 0 ’ 
9.23 X 10’ 

3 .2 6 x 1 0 ’ 
3 3 0 x 1 0 ’ 
3.22 X 10* 
3 .0 2 x 1 0 ’ 
9 .5 4 x 1 0 ’
2 8 9 x  10’
2 2 7 x 1 0 ’
3 0 4 x 1 0 ’ 

3 ,2 7 x 1 0 ’ 
3 28 - 1 0 ’
8 58 X 10’ 

3 .1 4 x 1 0 ’
1 6 0 x 1 0 ’ 
3 0 0 x 1 0 ’

5 31 xlO " 
6 9 1  X 10’

2 8 9 x  10’
6 86x10’ 
7.54 X 10’

0
2
1
4

2
3
4 
6
5
6 
2
3
7
8
4
5 

8
6
9

7
10 
10
8
3 

II 
9
4

0
-2
0

-4

0
-2
-2
—6
-4
—4
2

0
-6
-8
0

-2
-6
-2
-8
■4

-10
-8
-4
2

-10
-6
2

0.00 
0 84 
2,25 
2.80
2 83
3 63
4 82
5 93
6 10
7 93
8 73
9 57 
9.67 

1016
10 69 
12.09 

12.24
13 52
14 39 
15.50
15 52 
17 70 
17.77 
19.40 

20.23 
20 30 
20.52

9.14 X 10’ 

9 9 3 x 1 0 ’
616x10’
9 5 8 x 1 0 ’

3,95 X 10’ 
9 9 7 x  10’ 
3 24 X 10’ 
3 1 9 x 1 0 ’

2 74 X 10’ 
1 5 1 x 1 0 *  
3 ,1 2 x 1 0 ’
3 03 X 10’ 
9 0 7 x 1 0 ’ 

3 29 X 10’ 
1 9 0 x 1 0 ’ 
3 13 X 10’ 
1 I 6 x |0 ’
8.11 X10'
3 01 X 10’ 
6 9 1 X 10’
1 37 X 10’
2 86x 10’
6.86 X10’

that there are no downward radiative transitions from the 
2o2, 3(n, 4o4, 5o5 and 6o6 levels. Further, the lifetime of the 
levels ?07, 8og, 9o9, lOo.io and 1 lo.n is larger than that of the 
adjacent levels. The Einstein >4-coefficients for rotational 
transitions -> 6i6 (5.34 GHz) and 8og I n  (14.74 GHz) 
a re  3,0 x iQ-'® s a n d  6.6 ” 10"’ s"', respectively. These two 
transitions, particularly in the low density regions, may play 
an important role for the search of the SijC molecule in 

astronomical objects.
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