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The A *l-Ii-X *Z+ System of CP: Observation of New Bands 

R. S. RAM, S. TAM, AND P. F. BERNATH *,* 

Department of Chemistry, University of Arizona, Tucson, Arizona 85 721 

Infrared emission spectra of the A’&X*Z+ system of CP have been observed at high resolution 
using a Fourier transform infrared spectrometer. The rotational structure of seven new bands 
involving vibrational levels up to u = 4 of both electronic states has been analyzed and equilibrium 
molecular constants have been determined. For the X*Z+ state o, = 1239.77924( 8) cm-’ and r, 
= 1.5619780(2) 8, were derived, while for the A*& state the corresponding values are w, = 
1062.47140(98) cm-’ and r, = 1.654420(6) A. o 1992 Academic press. IN. 

INTRODUCTION 

CP is a free radical isovalent with CN and SIN. This radical was first observed by 
Herzberg ( 1) who observed the B2Z +-X22 + transition which is analogous to the 
violet system of CN. The rotational structure of this system was analyzed by Baerwald 
et al. (2), who also observed the B2Z+-A*II transition. The rotational structure of 
the B2Z+-A 211 system was also investigated by Chaudhry and Upadhya (3) and later 
by Tripathi et al. (4). 

More recently we reported the first observation of the A *Hi-X 22 + transition of CP 
(5) (analogous to the red system of CN). In this study the rotational analysis of five 
vibrational bands was carried out. This work was followed by the detection of the 
pure rotational spectrum in the ground electronic state of CP by Saito and co-workers 
(6). These microwave measurements resolved the hyperfine structure due to the P 
nucleus (I = 1) . Calculations of Franck-Condon factors, r-centroids, and the potential 
energy curves of CP have been published by several workers ( 7-20). 

CP is an excellent candidate for detection in circumstellar envelopes of stars (such 
as IRC + 102 16) and in the interstellar medium. IRC + 10216 is a prototypical cool 
carbon star surrounded by a thick shell of dust and molecules. Linear carbon chain 
molecules such as C, (11, 12), C,H (13), C,N (14), C,O (15), C,S (16, 27), and 
HC,N ( 28, 19) have been found in IRC + 102 16 and various other extraterrestrial 
sources, suggesting that the analogous phosphorous families C,P and HC,P might be 
found. CP is the first member of the C,P family. 

There is a surprisingly strong bond in the CP molecule with a large dissociation 
energy of 12 1 kcal/ mole (20-22). This large dissociation energy also makes the de- 
tection of CP quite favorable in space. These speculations have recently been confirmed 
by the observation of CP in the carbon star IRC + 102 16 (23). Other recent work on 
CP includes the detection of the ESR spectrum in an argon matrix and two ab initio 
calculations of molecular properties (24, 2.5 ) . 

In the present study we extend our previous work on the A211i-X*Z+ transition of 
CP to include bands involving v = O-4 of both states. We have rotationally analyzed 
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TABLE I 

Observed Wavenumbers of the Lines in the New A-X Bands of CP 

8.5 
9.5 

10.5 
11.5 
12.5 
13.5 
14.5 
15.5 
16.5 
17.5 
18.5 
19.5 
20.5 
21.5 
22.5 
23.5 
24.5 
z5.5 
26.5 
27.5 
28.5 

29.5 
30.5 
31.5 
32.5 
33.5 
34.5 
35.5 
36.5 
37.5 
38.5 
39.5 

6454.6190 -7 
6452.2395 -1, 
6449.6827 -7 

6444.0354 6 

6440.9446 11 
6d37.6736 -7 
6434.230, 30 

64306030 10 
6426.7975 -17 

6418.6627 26 
6414.3214 -27 

J R2 

2-2 BAND 

6356.6099 7 
6350.5571 44 
63443w7 -3 

o-c QZ 

6456.1YR 53 
6455.4059 -4 
6454.5076 -14 
6453.4325 -14 
6452.17% -14 
6450.74% -5 
6449.,4,4 -L 
6447.3572 22 

6445.3909 1 
6443.2497 8 
644c.9294 2 
6438.4322 3 
6435.7568 -2 

6432mn 34 
6429.8765 20 
w?6..%74 4 
t423.2793 -28 

6407.9694 -2 
6403.7017 32 

6399.2519 15 
6394.6243 -10 

63am2.50 17 
6384.8451 6 
6379.6886 -4 
6374.3523 -45 
63688487 7 

63573028 18 
6351.2593 -37 

o-c P21 o-c Q21 o-c 

6449.3829 -39 
6447.6330 -9 
6445.7028 -5 
6443.5954 5 
6441.3117 28 
6438.8448 -3 
6436.2037 -1 
6433.3841 -8 
6430.3459 14 
6427.2155 8 

6423.8635 I 
6420.3358 10 
6416.6265 -2.5 
6412.7170 I1 
6108.6862 5 

6404.44go 6 
6400.0347 6 
6395.4420 .9 
6390.6739 -10 
6383.7265 -36 
6380.6113 27 
637.5.3c98 -7 
6369.8360 0 
6364.1861 II 
6358.3572 4 
63323549 6 
6346.1762 14 
6339.8195 3 
6333.2868 -10 
6326.5811 6 
6319.6982 6 
63126430 39 
6305.4103 51 
6297.5-Z, 4 
6290.4088 -26 
6282.6515 -4 

3.5 
4.5 

16.5 66m4217 
*7.5 6598.1509 
L8.5 6595.7158 
19.5 6593.1152 
20.5 6590.3473 
21.5 6587.4131 
22.5 658434m 
23s 6581.0435 

24.5 6577.61,3 
25.5 6374.0175 
26.5 6570.2458 
27.5 6566.3153 

28.5 6566zZL72 
29.5 6557.9520 
30.5 6553.5223 
31.5 6548.9265 

32.5 6344.1628 
33.5 
34.5 
35.5 
x5 

37.5 
38.5 
39.5 

6575.6379 
6571.3993 
6365.9948 
6562.4232 

12 6s7.6925 
5 63527935 

-7 6547.7276 
-1 6.542.M,2 
II 6337.1047 
11 6331.5514 
10 a23.8265 

-34 6519.9363 
-19 6x3.8&13 
-13 6307.6657 
39 6501.2838 

-2.4 
-12 
-12 
-20 

-7 
9 

11 

2-2 BAND CONTIN”E!J 

6.508.4751 9 
6606.9b94 -4 
6&n.25&5 -,2 

6603.404, -1 
MoI.3446 14 
6599.1997 29 
63%.84X 26 

6594.3258 -,6 
13 6591.6453 7 

15 6588.7976 13 
10 6585.7835 10 

-17 65826037 3 
16 6579.2570 -19 
1s 6575.7497 8 
-5 657m743 7 
18 6568.2329 1 

-II 6564.226% 1 
46 6560.053, -2, 
23 6355.7186 3 

1 m1.2,,7 -24 6555.2996 

7 6546.5489 4 6550.7826 

-5 6341.7153 -2 6s&og66 

-4 65367159 -13 6x1.2462 
6531.5514 -22 6536.2263 
6526.2247 L 653LWS9 

6520.7300 .2 6525.6979 

65L5.0107 2 6.52c.1894 

6509.2456 1 6514.m 
6503.2556 5 6508.6651 

6497.0995 1 6502.6604 
649).n95 II 
6484.2920 -1 
6477.6408 3 

6470.822, -14 
6463.8414 L 
64566934 -3 
6449.3829 20 

661L.4670 
66LO.3408 
6609.@476 
6607.5926 
6605.%2, 
6an.1753 
66m2192 
CYBl.lU20 
6597.8089 
6595.3343 
65927384 
6.5X.9477 

-37 6_5869971 

0 6583.8815 

1 6580.5930 
II 

-16 
-1 
-9 
14 

14 
7 

48 
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TABLE I-Continued 

-24 
28 
44 

-34 

54 
24 
4 

-26 
23 

3.5 
LO 
24 

6425.3464 -8 - 

seven new bands, 2-2, 3-3, 3-1, 1-3, 2-0, 4-3, and 2-4. The molecular constants 
obtained in this study, combined with our previous data, provide improved equilibrium 
constants for both electronic states. These constants were used in the calculation of 
potential energy curves for the A ‘II and X 2Z + states and the Franck-Condon factors 
for the A-X system. 
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TABLE I-Continued 

4.5 
5.5 
6.5 
7.5 
8.5 
9.5 

10.5 

II.5 
12.5 
13.5 
14.5 
15.5 
16.5 
17.5 
18.5 
19.5 

20.5 
21.5 
22.5 
23.5 
24.5 
25.5 
26.5 
27.5 
28.5 
29.5 
30.5 
31.5 
32.5 

33.5 
34.5 
35.5 
36.5 
37.5 
28.5 
39.5 4m.5265 3 

J RZ Q-C PZ Q-C QZ o-c RZ1 Q-C P21 o-c Q21 Q-C 

2.5 
3.5 
4.5 
5.5 
6.5 
7.5 
8.5 
9.5 

10.5 
11.5 
12.5 
13.5 
14.5 
15.5 
16.5 
17.5 
18.5 
19.5 
20.5 
21.5 
22.5 
23.5 
24.5 
25.5 
26.5 
27.5 
28.5 - 

EXPERIMENTAL DETAILS 

The emission spectra of CP were observed in two separate experiments. In the first 
spectrum (used in the previous analysis) CP bands were observed in a microwave 
discharge of a mixture of 0.04 Torr of white phosphorous vapor and 0.4 Torr of H2 
in a quartz cell. This cell was previously used in experiments with methane so the 
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0.5 
1.5 
2.5 
3.5 
4.5 
5.5 
6.5 
7.5 
8.5 

9.5 
10.5 
11.5 

12.5 
135 
145 
15.5 
16.5 
17.5 
18.5 
19.5 
20.5 
21.5 
22.5 
23.5 
24.5 
25.5 

26.5 
27.5 
28.5 
29.5 
30.5 

31.5 
32.5 
33.5 
34.5 
35.5 
36.5 
37.5 

8895.6530 
8895.5559 
8895.2430 

889d.0319 

8593.1156 
mm55 
8890.687, 

-15 
49 

-27 

26 

-26 
3 

-27 
-23 
-13 

-20 
4 
24 
23 

-10 

8%9.17,4 
8B7.4539 
8885.5328 

8883.4122 
8881.09*1 
6878.5654 
8m5.8347 
8872.9068 
8869.7760 
8866.4437 
8862.9M9 
Fa59.1759 
8855.2387 
Fa5LlOIO 
8846.7626 
884~2172 
8837.4780 

-2 
-32 
10 
5 
9 

15 
-28 

88325356 
6827.3871 
8a22.0449 
8816.4970 

8810.7459 
sax8033 
8798.6581 
87VL3044 
87S.7524 
8779.0104 

8878.0565 -55 
8674.5742 -1 
8870.8846 -5 
8866.w44 -1 

88629069 44 
m58.6084 -8 
8854.1132 -15 

8849.4191 0 
8844.5215 -9 
8839.4246 -2 
8834.1255 a 
6828.6239 -3, 
8822.926* II 

8817.m4 -1 
8810.91% -59 
e&x6213 -26 
87ps.1192 -32 
8,9,.4,%5 -21 
8784.5203 16 
sm.4157 -,I 
877o.,,cc3 44 
67626134 -4 

6754.91M -26 
8w.0135 II 

sn8.5w.l -45 
8730.6144 8 
Km.1155 0 
8713.4165 -19 

869S.4316 36 
8686.1359 10 
8676.6445 12 
e-%5.%99 -36 
8657.06u -33 

8890.7934 33 
8889.2945 -25 
8881.M18 -3 

8885.7050 -4 
8883.&w -27 
&x31.3031 ** 

88B.m 39 
8876.1003 -13 
8873.1972 7 
.smo.w24 24 
8866.7818 -I 
8863.2720 -3 
8859.5605 -9 
8855.w3 -48 
8851.5364 9 
8847.220, -6 

8842.7M5 -3 
8837.9868 -10 
8833.0x5 8 
8822954 40 

88226295 -14 
8817.1015 -28 
88LL.3896 , 

88n5.4688 18 
8799.3440 -5 

8,93.@210 -5 
8786.4995 13 
8779.7740 -7 

8,7,X01 -8 
8765.7273 2 
8,58.403* -1 
8750.8815 19 
Sm.1550 -12 
6735.2301 -30 
*7.,100 -4 
r7187869 -14 
8110.2654 -14 38.5 8825.9101 32 8,18.0724 -10 

39.5 882O.lm5 -4 8709.5343 9 676&1695 -12 8701.5457 -4 

J RZ Q-C P2 0-C QZ 0-C RZL 0-C PZL 0-C QZI Q-C 

2.5 
3.5 
4.5 
5.5 
6.5 
7.5 
8.5 
9.5 

10.5 
11.5 
12.5 
13.5 
14.5 
25.5 
16.5 
17.5 
18.5 
19.5 
20.5 
x5 
22.5 
23.5 
24.5 
255 
26.5 
275 
28.5 
29.5 

30.5 
31.5 
32.5 
33.5 
34.5 
35.5 

9051.0907 -5 
9350.0968 -24 
5048.9202 29 
9047.5437 -20 
9095.9822 -20 
9044.2403 75 

9037.*392 2 
9035.3298 21 

90326296 32 
9029.7338 -12 
90266557 22 
9023.3841 23 

9016270, 22 

9035.6689 -37 
90322566 -6 
5028.6549 24 
9w24.8558 -2s 
9020.8748 d 
9016.697, -54 
m2.3411 -5 
!xm7.7870 -41 
vYl3.0525 11 
8998,231 3 
gglj.0052 8 
8987.6946 -39 
89821!?m -39 
SZ76.5163 -22 
8970.6439 -13 
8964.5862 32 

8951.8925 2 
8945.2589 49 
m38.4477 11 
6931.4444 37 

8924.2483 22 
8916.8580 49 
8909.2907 -3 
Sm.5281 -25 
8893.5784 -32 
a85.4404 -3, 
8877.1221 40 
8868.6044 7 
8a59.8999 -8 
s851.0065 -31 

7.6 BAND CONT’INUED 

9048.2612 -30 
9046.8LlS 24 
9045.1640 -11 
YM3.3295 -18 
9u41.M60 .*o 
9039.0985 33 
9X.5.6926 4 
w34.1014 1 
mu*59 -42 
9ma)491 -5 
90LS.1872 -24 
9uz1.8425 23 
9318.2989 -24 
9014.5701 27 
9010.6551 -3 
50X.5459 -25 
5mI2482 -37 
8997.7,15 54 
89B.091, 9 
m88.m 38 
8983.1728 6 
8977.9268 -19 
89724978 L9 
8966.8758 21 

6%l.M26 5 
8955.0588 23 
8948.868, -19 

89424936 28 
8935.9201 -15 
8929.,661 31 
89222145 -5 
6915.0771 -4 
8w7.7481 -26 
8900.2342 -2 

9x0.7403 42 
9061.8759 -13 

9w3.5940 
9064.1621 
9X4.5478 

55 9041.1735 
29 
80 w6s138 

9033.9112 
9031.3658 
wzs.1205 
93X%)416 
9021.57% 

9014.*,17 50 

9010.3276 29 
9io6.2033 .I6 
9001.8914 15 
89!n.3921 65 
m.6ssO -36 

48 

-28 
49 
2 

31 

27 
87 

mQ.9303 -30 
5M9.9272 44 
m48.7253 29 
9047.32% -26 
9045.7528 7 
*3.9%11 49 
9342.0219 16 
9039.8687 -37 
9037.5304 -22 

5ll35.mna 20 
9032.2,81 -48 
9029.3732 3 
9X6.2764 35 
9022.9831 3 
9019.4979 43 
m5.8310 -6 
5011.9740 33 
San.9202 7 
9003.678-J 9 

89.X.6254 15 
8989.8096 -16 
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TABLE I-Continued 

J R2 Q-C P2 Q-C Q2 Q-C R21 Q-C PZ, 0-c Q2, Q-C 

55 
6.5 
7.5 
8.5 
9.5 

105 
11.5 
12.5 
13.5 
14.5 
15.5 
L6.5 
17.5 
18.5 
19.5 
20.5 
21.5 
22.5 
23.5 
24.5 
25.5 
26.5 
27.5 
28.5 

29.5 
30.5 
31.5 
32.5 
33.5 
34.5 
35.5 
36.5 
37.5 
38.5 8677.3999 -19 

J Rl Q-C F-1 Q-C Ql Q-C RI* Q-C P,2 Q-C Ql2 Q-C 

3.5 
4.5 
55 
6.5 
7.5 
8.5 
9.5 

10.5 
11.5 
12.5 
13.5 
14.5 
15.5 
16.5 
17.5 
185 
19.5 
20.5 
21.5 
22.5 
23.5 
24.5 
25.5 
26.5 
27.5 
28.5 
29.5 
30.5 
31.5 
32.5 
33.5 
34.5 
35.5 
36.5 
37.5 7190.680, -36 
38.5 7,84.22,6 5 
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J 01 cl-c RI2 Q-C Q12 Q-C 

carbon atoms required for the formation of CP were deposited on the walls of the 
discharge cell. This experiment was originally designed to produce the vibration- 
rotation bands of PH (26). In the second spectrum (used in this analysis) a mixture 
of 0.04 Tot-r of white phosphorous vapor, 2.75 Torr of He, and 0.03 Torr of CH4 was 
used in the same discharge tube. The spectra obtained in these experiments were 
extremely rich with strong spectra of CP (5), CH (2 7, 28)) PH (26), P2, CN, C2 (29, 
JO), and C, (31). 

In fact, the new bands of CP were noticed because of the presence of the 2-2 band 
near the C3 triplet system (31). The emission from the discharge was focused on the 
entrance aperture of the McMath Fourier transform spectrometer of the National 
Solar Observatory at Kitt Peak. InSb detectors and silicon filters limited the band pass 
to the 1800-9000 cm-’ spectral region. An unapodized resolution of 0.02 cm-’ was 
used in these experiments. A total of 10 and 9 scans were co-added, respectively, in 
70 and 65 min of integration. The spectra were calibrated using the measurements of 
the vibration-rotation lines of CO (32) impurity present in the spectra. The absolute 
accuracy of the calibration is estimated to be better than +O.OO 1 cm-’ . 

RESULTS AND DISCUSSION 

The spectral line positions were extracted from the spectra using the data reduction 
program PC-DECOMP developed at Kitt Peak by J. Brault. The peak positions were 
found by fitting a Voigt lineshape function to each feature using a nonlinear least- 
squares procedure. Since the spectra are very congested, we proceeded by initially 
predicting the line positions and then picking out and assigning just a few lines. The 
preliminary fit of these lines provided an accurate prediction of the remaining lines. 
The search for new bands involving the higher vibrational levels in both the states 
was guided by a preliminary Franck-Condon calculation. 

The seven new bands identified and analyzed in the present study are 2-2, 3-3, 2- 
0, 3-1, l-3,4-3, 2-4. The structure of 4-3 and 2-4 bands is very weak so the 2111,2- 
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TABLE II 

Hyperfme-Free Pure Rotational Transitions of CP (in cm-‘) 

N’-N” J’- 1 v(Correeted) 

2-l 2.5-1.5 3.19276644(121) 
2-l 1.5-0.5 3.17420027(229) 
3-2 3.5-2.5 4.784426359(88) 
3-2 2.5-1.5 4.76585910(-5) 
5-4 5.5-4.5 7.96743092(10) 
54 4.5-3.5 7.94886265(43) 
b-5 6.5-5.5 9.55870811(-47) 
b-5 5.5-4.5 9.54014160(27) 
7-b 7.5-6.5 11.14979550(-54) 
7-b 6.5-5.5 11.13122800(-79) 

*Z+ subbands could not be identified with certainty. The assignment of the new bands 
was straightforward using combination differences and estimates of the rotational 
constants for the higher vibrational levels based on the data provided in our previous 
study (5). The observed line positions and their rotational assignments are provided 
in Table I. 

Initially, band-by-band fits ofthe line positions listed in Table I were made utilizing 
the effective Hamiltonian of Brown et al. (33). Matrix elements for this Hamiltonian 
are listed by Amiot et al. (34) for *II states and Douay et al. (35) for *2 states. In the 
final fit the observed transition wavenumbers of all the bands, together with the hy- 
pet-fine-free pure rotational transition wavenumbers (Table II) were fitted to determine 
the molecular constants provided in Tables III and IV. The pure rotational transition 
frequencies provided by Saito et al. (6) were corrected for the effects of hyperhne 
structure so that they could be introduced directly into our fits. For the 4-3 band the 
constants Ad, AD.+, and q4 were fixed to extrapolated values, since the *II, ,2-22 + sub- 
band involving the o’ = 4 level was not measured. 

The constants of Tables III and IV were utilized to determine the equilibrium 
constants in both electronic states using the expressions 

G(u) = w,(z) + 4) - w,x,(v + f)’ + w,y,(u + f)’ 

B = B -c+++)+~(u+f)*. ” e e e 

TABLE III 

Molecular Constants for the X 22 + State of CP (in cm-’ ; One Standard Deviation in Parentheses) 

constant v=o V=l v=2 v=3 v=4 

T” 0.0 1226.12726(21) 2438.57459(u)) 3637.33379(26) 4822.3965(10) 
B” 0.795881@2(3) 0.78989532(59) 0.78389287(65) 0.77787438(98) 0.7718384(84) 

l&D. 1.32794(29) 1.33169(40) 1.33620(47) 1.34310(76) 1.347( 15) 
1okY” 1.8567250(27) 1.849675(56) 1.844718(60) 1.839951(75) 1.83215(57) 
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TABLE IV 

Molecular Constants for the A211i State of CP (in cm-’ ; one standard deviation in parentheses) 

Constant v=o v=l v=2 v=3 v=4 

T” 6884.00555(15) 7934.41442(17) 8972.76553(21) 9999.06509(26) 11013.31730(50) 

A” -156.24385(16) -156.12670(23) -156.04318(28) -156.01186(27) -156.0513= 

I@% Am 4.868( 18) 4.269(32) 3.022(46) 0.534(48) 0.534’ 

B” 0.70927628(42) 0.70364924(50) 0.69801488(70) 0.69237961(90) 0.6867240(20) 

10% D, 1.28046(34) 1.28306(38) 1.28519(56) 1.28964(66) 1.2937( 16) 

1ol p. 9.414(14) 9.442( 18) 9.655(29) 10.175(14) 14.3(13) 

l@x 9. -4.797(67) -4.873(93) -4.886(9) -4.94( 11) -4.94= 

10% pDr -1.28(11) -1.04(16) -l&4(36) -1.04’ -1.04= 

a Fixed values; see text. 

TABLE V 

Equilibrium Vibrational and Rotational Constants for the X2,2+ and A211i States of CP (in cm-‘) 

Constant 

% 123979924(8) 1062.47140(98) 

we 6.833769(46) 6.03277(50) 

lh w. -0.13769(72) 0.0897(72) 

B, 0.798867748(82) 0.7120871(26) 

10% cz’, 0.596933(19) 0.56203(34) 

lo’x Y. -0.8229(56) -0.323(83) 

r, 1.5619780(2) 1.654420(7$ 

TABLE VI 

Turning Points of the RKR Potential Energy Curve of the A211, State of CP 

V E(v) (cm-‘)” r- (18) r- (% 

1.7184 

1.7471 

0.0 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

3.5 

4.0 

7502.2059 

8028.9181 

8552.6149 

9073.2971 

9590.9658 

10105.6216 

10617.2657 

11125.8987 

11631.5216 

1.5970 

1.5750 

1.5587 

1.5454 

1.5340 

1.5239 

1.5149 

1.5066 

1.4990 

1.7700 

1.7900 

1.8081 

1.8250 

1.8408 

1.8559 

1.8704 

5.0 12633.7407 1.4853 1.8980 

a Calculated relative to the minimum of the X22 + potential curve of the value of cm-‘. 
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TABLE VII 

Turning Points of the RKR Potential Energy Curve of the X’Z+ State of CP 

” E(v) (cm”) rmb (2) r, (X) 

0.0 618.2003 1.5087 1.6211 

0.5 1232.9734 1.4882 1.6476 

1.0 1844.3276 1.4731 1.6687 

1.5 2452.2618 1.4607 1.6871 

2.0 3056.7749 1.4501 1.7038 

2.5 3657.8661 1.4407 1.7193 

3.0 4255.5341 1.4322 1.7339 

3.5 4849.7781 1.4245 1.7477 

4.0 5440.5969 1.4174 1.7610 

5.0 6611.9549 1.4046 1.7863 

The final equilibrium constants thus obtained are provided in Table V. These constants 
were used as input to an RKR program to calculate the classical turning points of the 
A *Iii and X *JZ+ potential energy curves (Tables VI and VII). Figure 1 is a plot of the 
potential energy curves of the A *Iii and X *2 + states of CP. 

The RKR potential curves were used to calculate the Franck-Condon factors for 
the A *Iii-X *Z + system (Table VIII). The observed relative intensity of various bands 
follows the predictions based on the Franck-Condon factors. The values of BL and 
BE result in r, values of 1.5619780(2) and 1.654421(7) A for X*Z+ and A*& states, 
respectively. 

The inclusion of the hyperfine-free microwave transition frequencies in our fits 
results in a very precise determination of the rotational constants in the ground vi- 
brational state. The pure rotational transitions also help break correlations between 
constants of the A*II and X22+ states. The constants provided in Tables II and III 
are in good agreement with the constants obtained in our previous study, except for 
v’ = 3, because only the *I13,*-*Z+ subband of the 3-l band was included in the 
previous analysis. 

TABLE VIII 

Franck-Condon Factors for the A%-X*Z+ System of CP 

v” 0 1 2 3 4 
“9 

0 0.2835EO 0.3907EO 0.231OEO 0.7680E-1 O.l581E-1 

1 0.3240EO O.l884E-1 0.1352EO 0.2845EO 0.1743EO 

2 0.2134EO 0.6721E-1 0.1478EO 0.414OE-2 0.1988EO 

3 0.107OEO 0.17OOEO 0.241 lE-2 0.1489EO 0.2849E- 1 

4 0.4548E-1 0.1601EO 0.5411E-1 0.6174E-1 0.6946E-1 
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FIG. 1. Potential energy curves for the A%, and X ‘Z: + electronic states of CP. 
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