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Abstract 

The emission spectrum of the &C' - X2C' (First Negative) system of the 

molecular ion '2C180' have been photographed at a resolution sufficient to 

observe the spin splitting of the lines with N > 18. Four bands, 0-1, 0-3, 1-4 and 

2-5, have been rotationally analyzed and the molecular constants of the B2C', v = 

0, 1 ,2  and YE', v =1,3,4, 5 have been obtained. 

Introduction 

The electronic spectra of the neutral molecule CO and molecular ion CO' 

have been the objective of investigations for a long time (for a summary of the 

literature trough 1979, see Ref. 1-4). However, because of both these species are 

of great astrophysical interest, they are retained up to now in the group of the most 

extensively spectroscopically studied diatomic molecules. 

Copyright 0 1998 by Marcel Dekker, Inc. 
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The BZC' - X2C' (First negative) system, which is the objective of our 

study, is one of the four known emission band system of CO' ion arising from 

transitions between excited states C?Ar, B2C+, A2n and the ground stateX2Z+. 
Pesic et al [S] have studied the isotope displacement in the vibrational 

structure of the 12C180' relative to that of the 12C160+ and 13C'80+ bands. The 

system was rotationally analyzed in the following isotopomers, viz., 12C'60+ 

[6,7,8], 12C180' [9], 13C160+ [7,10] and 13C180' [ l l ] .  

The only observation of the rotational structure of the I2CI8O+ was made 

by Janic et al [9] but under dispersion used, the spin splitting of the lines has not 

observed in any of the recorded bands. Therefore, this observation clearly merited 

a reinvestigation of the rotational structure of the B-X system. We have 

photographed the spectrum between 200 and 300 nm at a resolution superior to 

what was employed before. Based on this, the new rotational analysis has been 

performed. The results are presented in this paper. 

Experimental 

The molecular ion I2C1*0+ has been excited in the cathode glow of a 

discharge tube with water-cooled carbon hollow cathode. A dc voltage of 800 V 

has applied between the electrodes of the discharge tube at a current of 250 mA. 

After several trials, the partial pressure of helium in the range of 700 and 800 Pa 

and that of oxygen-18 of approximately 133 Pa, have been found to be optimum 

for producing a strong I2CI8O' emission. The spectrum was photographed using 

Ilford HP5 emulsion on a 6.4 m Czemy-Turner spectrograph in the tenth order 

(disp. 0.012 d m m ) ,  near blaze wavelength. Overlapping orders of the spectrum 

have been eliminated with Carl Zeiss order sorter. The exposure time ranged 

between 2 and 3 hours with a 30 pm spectrograph slit width. Iron atomic lines 

from an iron-neon hollow-cathode lamp, whose wavelengths were taken from 

[ 121, have been used for calibration. The line positions have been determined 

using a measuring microscope and reduced to vacuum wavenumbers in the usual 

way. The uncertainty of the measurements is estimated to be k 0.02 cm-I. 
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Results and Discussion 

The bands of the B-X system of CO' ion are very net. The present work 

concern only with four intense bands, 0-1, 0-3, 1-4 and 2-5, having the heads at 

229.654, 254.007, 256.671 and 259.51 6 nm, respectively. Because the bands 

belong to the 'Ct - 2Ct transition, one expects the four main branches in each band 

R I  lee, R22m P I  lee and P22fi7 and two weak satellite branches, RQ~IL and P Q , * ~ ~ ,  which 

are usually are not seen on the spectrograms. 

As the bands are red-degraded, the heads are formed in R branches. 

However, since the spin splitting in the present study was detected only for the 

lines with N > 18, the unresolved Rllee and R22ff lines (with low N values) have 

formed a single head in each band instead theoretically predicted two. Since 

commercial " 0 2  used in experiments contained traces of 1602 ,  the band heads of 

C 0 have appeared on the spectrograms too. However, due to large isotope 

displacements of the 12C180+ bands relative to "Ci60 bands [5], the overlapping 

spectral regions of both isotopomers are restricted to small part of the bands. This 

facilitates assignment of the lines using data from [6] and [7] for '*C160t and 

known isotope relations [13] with the displacement constant p = 

[~(12C160+/~'2C'80t)]  I" = 0.97584. 

I2 16 + 

About 300 lines for all four bands have been measured and assigned up to 

N around 37. They are given in Table 1. The assignment has been checked using 

the standard procedure [14]. Direct fitting of the measured lines has been 

performed by computer program employing the least-squares method. A standard 

*C energy level expressions, Hund's case (b), have been used in the fit of the 

upper and lower rotational levels: 

+112 y N e level 

F(N) = B,N(N+l) -D,[N(N+1)12 { 

-1/2 y (N+l) flevel 

where N = 5-112 and N = J+1/2 for e and f (FI  and F 2 )  levels, respectively. 

Resulting set of molecular constants for each band obtained in the final 

calculation, in which the lines with v&s - v,,l larger than tree standard deviations 

have been excluded, are collected in Table 2 together with those reported in [7]. 
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TABLE 2 

Molecular Constants (in cm-1) of the B2C+ and X2C+ States of l2CI8O+ 

Band Origin B Dx 1 O6 Y 
’+ ” T O  B2C X2 C B2C X2C B%Z X2C 

0-1 43507.68(2) 1.7002(6) 1.8563(1) 8.21(2) 6.27(3) 0.0155 0.0087 * 
43510.23 1.6964 1.8523 7.0 6.5 ** 

0-3 39330.72(2) 1.7002(8) 1.8238(7) 7.30(7) 9.84(6) 0.0150 0.0087 * 
39330.66 1.6964 1.8178 7.0 6.5 ** 

1-4 38925.39(2) 1.6757(7) 1.8062(6) 10.72(6) 8.57(5) 0.0165 0.0087 * 
38925.32 1.6744 1.8013 7.0 6.5 ** 

2-5 38498.62(3) 1.6395(5) 1.7805 4.98(40) 3.07(5) 0.0160 0.008 * 
38498.66 1.6484 1.7843 7.0 6.0 ** 

The numbers in parentheses represent one standard deviation in the last 
digits of the constants. * This work; ** Ref.[9]. 

The centrifbgal distortion constants D,’ and D,” are order of but have 

to mentioned that the obtained values are somewhat limited because of lack of 

data for high N values. The spin splitting constant y for ground state (last column 

in Table 2) are that determined from microwave spectrum of the 12C’80’ ion [14] 

and it was kept fixed in calculation. The yconstants for the upper states have been 

evaluated and they are given in Table 2. Because we have not be able to detect the 

difference in intensity of the resolved R and P lines, the sign of the constant has 

been accepted that given in [7] and [8 1. 
As seen from Table 2, there is a good agreement in positions of the band 

origins obtained in this work and those given by Janic et a1 [9] with exception for 

0-1 band, but there are significant discrepancies in the values of rotational 

constants B,’ and B,”. This is due to differences between our and Janic’s 

rotational quantum number assignment of the lines and limited accuracy attainable 
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in earlier work in which moderate dispersion and iron arc lines have been used as 

reference lines. 

For the purpose to verify obtained data, we have recalculated the 

constants of Misra et a1 [7] and Haridas et a1 [8] for the 12C160+ ion using the 

known isotopic relations. The constants calculated in this manner show a good 

agreement with our results. Therefore, one can conclude that the present analysis, 

including first observation of spin splitting in rotational structure of the analyzed 

bands, has led to improved set of molecular constants of the I2C’*0+ for the B an 

X electronic states involved in transition. 
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