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The Discovery of Two New Infrared Electronic Transitions of C2: 
B’ A,-AllI, and B’ ’ I$-A’& 

M. DOUAY, ' R. NIETMANN, AND P. F. BERNATH~ 

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

Two new infrared electronic transitions of C2, B ’ AK-A ’ II. and B’ ’ El-A ’ II., were observed 
by Fourier transform emission spectroscopy of hydrocarbon discharges. A set of spectroscopic 
constants were derived for each vibrational level and then reduced to equilibrium constants, 
including 

T, (cm-‘) u, (cm-‘) re (A) 

B’A, 12 082.3360(40) 1407.4653(13) 1.38548 
B’ ‘Z+ g 15 409.1390(39) 1424.1189 1.37735 

RKR curves and Franck-Condon factors were calculated from the equilibrium constants. 
0 1988 Academic Press, Inc. 

I. INTRODUCTION 

During the course of our spectroscopic observation of the d1 F-b ’ II transition of 
Sic (I), A. D. McLean pointed out that the corresponding CZ transition 
( B’ ’ Zi-A ’ II,) had not been reported. This was quite surprising because the C2 mol- 
ecule occurs in such a wide variety of sources and has been studied for many years 
(see the preceding paper (2) for references). Examination of two previously recorded 
spectra disclosed the B’ ’ Xi-A’II, and B’ A,-A’ II, transitions, in addition to 
the well-known Phillips system, A ’ &,-X1 Z.g’, and Ballik-Ramsay system, 
b3 X,-a3 II,. Our reanalysis of the Phillips System is reported in the preceding 

paper (2). 
The B ’ A8 and B’ ’ Zz states of C2 are predicted to be low-lying bound states by ab 

initio calculation (3-6). These two states do not connect with the ground X ’ 2: state 

via one-photon electric dipole selection rules. The infrared electronic transitions 
B ’ A,-A ’ II, and B’ ’ Zi-A ’ II,, however, are quite strong (Figs. l-4). The main 
difficulty is that the Ballik-Ramsay and Phillips systems (as well as the usual collection 
of impurities such as CO, CN, CH, and ArH) make the infrared emission spectra of 
hydrocarbon discharges quite complex. 
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TABLE I 

The Observed Line Positions of the B’ A*-A ’ II, Transition of C2 (in cm-‘) 

3598.5235 
3602.1997 
3604.6484 
,605 8703 
3605.8703 
3604.6329 
3602 1683 
3598.47‘8 
3593.5506 
3567.3877 
3579.9962 
3571.3738 
3561.5179 
3550.4273 
353*.los7 

18 
8 

-12 
-25 
26 
-3 

3576.0043 -44 

3556.4245 .4 
3544.8056 4 
3531.9682 -6 
3517.9179 1 
3SO2.6SO4 -30 
3486.1780 1 
3468.4925 -2 

3408.2018 4 
3385.7000 8 
3361.9979 -3 
3337.1040 31 

4965.7512 
4959.9906 
4952.8626 
4944.3848 
4934.5518 
4923.3647 
4910.8222 
4896.9271 
4881.6801 
4865.0785 
4847.1294 
4827.825, 
4807.1746 
4785.1141 
4761.6283 
4737.1351 

6 
58 

4945.6232 19 
4934.1149 33 
4921.2519 6 
4907.0388 -30 
4891.4832 -19 
4874.5811 -1, 
4856.3371 4 
4836.7461 -23 
4815.8216 14 
4,9,.552, -15 
4169.9512 -3 
4X5.0164 10 

-2 
-4 
-5 
0 
-6 
-3 
9 
-3 
21 
-1 
2 
0 
-1 
-9 

-4 
13 
3, 
-7 
6 

-2 
3 

-4 
11 

2 

1 
6 
-6 0 

-8 
-8 

6 
-41 

-3 

3509.7581 

R.. cl-c Qr. o-c P.. o-c 

3596.2240 2 
3600.5193 34 
3603.5870 35 
3605.4280 23 
3606.0425 10 
3605.4280 -19 
3603.5870 -32 
3600.5193 -23 
3596.2240 4 
3590.6971 1s 
3583.9356 -6 
,5,5.9458 -6 

3588.8743 
3586.1264 
3582.154, 
3576.9617 
3570.5471 
3562.9123 
3554.0566 
3543.9812 
3532.686, 
3520.1733 
3506.4426 
3491.4944 
3475.3344 
3457.9550 
X,9.,62, 
3419.5551 
,,98.5422 
3376.3128 

o-c o-c 

2.0 6099.0536 13 6090.622, 
4.0 6102 0552 -15 6088 0121 
6.0 6103 5729 69 6083 9096 
6.0 6103 5726 -62 6078.3134 
10.0 6102 094, 2 6071.2262 
12 0 6099.11l3 -5 6062.6462 
14.0 6094 6309 7 6052.5776 
16.0 6088 6495 8 6041.018, 
le.0 6081 1684 1, 6027.964, 
20.0 6012.1796 -3, 6013.4235 
22.0 6061.7003 19 5997.3952 
24 0 5919.8772 
26 0 - 5960.8679 
28 0 
300 5918 4027 

3571.5757 
3561.7937 
3550.7806 
3538.5636 
3525.1302 
,510.4836 
X94.6262 
3477.560, 
Y459.2860 
3439.8081 
3419.1241 
3397.2464 

6067.0568 
6055.854, 
6043.157, 
6028.9790 
6013.3136 
5996.1709 
5977.5249 
5957.4418 
5935.8640 
5912.8084 

-27 
20 
11 
-7 

-32 
-8 

-214 
-5 
23 
2, ,556 2726 

3544 5889 
7 

21 3374.1641 
3349.8868 

0 12 

R.. o-c 91. o-c p.. o-c 

0. 32 
25 
-20 
-1 

6089.5081 
6086.1526 -1, 
6081.3091 - 
6074.9741 2 
6067.1482 -3 
6057.833, 2 
604,.0309 19 
6034.7L26 69 
6020.9540 . 
6005.681* -2, 
5988.9280 - 
5970.684, -4 
5950.9560 -7 
5929.1439 2 

6081.0760 -50 

bt o-c 6072.1124 17 
6061.6512 -16 

9.1 0-C P<< O-C 5.0 6103.0021 
, 0 6103 ,701 
9 0 6103 0‘28 16 

-8 
6049.7095 6 
6036.2802 -1 
6021.3679 -8 
6004.976, 6 
5987.1028 -1 
5967.7539 16 
5946.924, -7 
5924.623, -11 
5900.851, 6 

2.0 
40 
6.0 
8.0 

10 0 
12 0 
IL.0 
16.0 
18 0 
20.0 
22.0 
24.0 
26.0 
78 0 

4982.858, -4 
4986.233, 5 
4988 2456 -2 
4988.8964 0 
4988.1832 -2 
4986.105, -7 
4982.6653 7 
4977.8571 2 
4971.6830 0 
4964.1426 6 
4955 2342 5 
4944.9563 -10 

4974.2295 
4971.8525 
4968.1160 
4963.0236 
4956.5,23 
4948.7628 
4939.5966 
4929.0741 
4917.195, 
4903.9630 
4869.,,21 
4871.4318 
4856.1368 
48,,.4906 

2 
4 
-6 
4 

4960.3433 
4950.8623 
4910.0202 
4927.6291 
4914.2840 
4899.3925 
488,.1490 
4865.5630 
4846.6270 
4826.3531 
4.904.7440 
4781.7982 
4757.4861 

11.0 6100.6151 
13.0 6097 0933 
15 0 6091.8138 
17.0 6085.1548 
19.0 6016.9356 
21.0 606, 2138 
23.0 6056 003, 
25.0 - 
27.0 
29.0 

-2 
6 

-3 
-38 
49 

I 

.; 
-7 

-8 
-9 
0 

-2s 
-5 

D. 
-2 
11 5-2 BAND 

;o.o 4905.9165 -11 4817.4888 -20 4,31.8,29 2, 
,2.0 4890.169, 30 4796.1428 7 
3L.0 4773.4450 7 J Rcc O-C 9.r 0-C PCI O-C 

36.0 

2 0 ,,48.&881 0 
J R.. O-C 91. 0-C P.. O-C 4.0 ,,51.1220 0 7137.420, 29 

6.0 7152.1258 -6 7132.9446 -2 7116.5012 -2 
8.0 7151.5018 14 7126.8480 23 7104.9286 18 

1.0 4980.6624 0 10.0 1149.242, 0 ,119.lZOO -5 7091.1268 -24 
3 0 4984.7193 7 4973.2110 -18 12.0 7145.3493 -34 ,109.,659 -38 7076.909, -64 
5.0 4987.4155 -1 4970.1599 0 4955.779, 8 14.0 7139.8329 32 1098.7956 18 

Note. Observed minus calculated line positions are in units of 10e4 cm-‘. 
a Perturbed. 



TABLE I-Continued 

-16 
2 

44 
-5 

J R., o-c Qc. 0-C P,. o-c 

o-c o-c err o-c -79 
4, 
18 

-3, 
69 

-22 

4507.9476 
4497.25w 
44*5.2060 
4471.8157 
4457.0866 
4440.9966 
4423.5794 
4404.816, 
4384.7124 

-22 
-18 
-80 
-12 
11 

-65 
14 
49 
5* 

4524.*00, 0 
4519.7129 -51 
4513.277, -36 
4505.4829 -74 
4496.3456 0 
4485.8476 2 
4473.9944 -21 
4460.796, ,o 
4446.2360 -36 
4430.3319 -32 
4413.0167 55 
4,94.4,02 -86 

Qc. 0-C 

9.1 

4,51.*604 
4749.4*,4 
4745.7511 
4740.6625 
4734.2167 
4726.4168 
4717.2598 
478X.7475 
4694.8807 
4681.6604 
4667.0872 
4651.1588 
4633.8796 

4760 3878 10 4742.3051 
4733.5856 
4723.4985 
4712.0565 
4699.2715 
4685.1372 
4669.6691 
4652.835, 
4634.6722 
L615.1598 
4594.3160 
4572.1,42 
4548.6146 

4165.6434 
4766.2312 
4765.4635 
4763 3223 
4759 8210 
4754.9620 
4748.7250 
4741.1288 
4732 1673 

-11 
-12 

51 
9 

-2, 
28 
21 i 

6, 
-4 
-7 
0 

9, 
10 

o-c p.. o-c R.. 
4721.8479 
4710.1430 

4529.8828 
4526.8532 
4522.4434 
4516.6878 
4509.5794 
4501.1239 

-19 
145 
44 4502.7745 -82 
18 4491.4194 -15 
-5 4478.7137 19 
25 4464.6594 2, 

0 4449.2510 -64 
-7 4432 5060 -99 

205. 4414.4626 287. 
21s 4395.0410 276. 
-43 

J R.. o-c 9~. 0-C P.. o-c 13.0 4540 3834 19 
15 0 
17 0 4530.5649 -22 

1 0 4758.2202 -29 19 0 4523 6463 288’ 
? 0 ir762 2134 2 4750.8375 -51 4,,*.,,54 28 21 0 
5 0 L764 8500 4747.7934 6 4728.7014 29 23 0 4505 6376 68 
7 0 4766.1192 -2 4743.3882 5 4717.9291 -21 25.0 ‘r494.5965 36 
9 0 4766.0326 -4 4737.6261 -1, 4705.812, 2 2, 0 

11 0 4164.5903 46 4730.5128 4 4692. ,440 3 29 0 

4467.656, 
4453.7938 
4438.5556 

-18 4404.0889 
4384.8315 
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TABLE II 

Observed Line Positions of the B’ ’ Z&4 ’ II, Transition of C2 (in cm -’ ) 

A. O-0 BAND D. 1-2 BAND 

J L. o-c P.. o-c .I Qef 0-C J R.. o-c p.. o-c J Q.r 0-C 

-48 
-1 
4 
6 

-5 
7 

-1 

-12 
-5 
-9 

-21 
10 

6927.3239 
6925.4629 
6922.5386 
6918.5507 
6913.4979 
6907.1814 
6900.1991 
6891.9533 
6882.6419 
6872.2624 
6860.8281 
6848.3269 
6834.7649 
6820.1421 
6804.4626 

-5 
-6 
-3 

2 
-6 
-2 
-7 

-50 
-4 
0 
4 

-11 
-38 

J R.. o-c P.. o-c J Q.r 0-C J R.. o-c P.. o-c .I Q.r 0-C 

-22 
4 

4 
16 
0 

-21 

-15 
162’ 
210' 
-1 

-31 

2.0 
4.0 
6.0 
B.0 

10.0 
12.0 
14.0 
16.0 
18.0 
20.0 
22.0 
24.0 
26.0 
28.0 

5204.0162 
5202.5464 
5200.1432 
5196.8672 
5192.7142 
5187.6843 
5181.7911 
5175.0188 
516, ,736 
5158.8567 
5149.470, 
5139.2175 
5128 0960 
5116.108, 

-1 
-5 
-3 
10 
-5 

-52 
10 

3 
-1 
-5 
-2 
20 
15 

-20 

1.0 5340.8905 -36 1.0 8189.6339 6 
3 0 5354.4885 -1 5333.8347 -20 2.0 5343 3805 3 3 0 8194.1073 -5 8173.7266 21 4.0 8181.374, -30 
5 0 5358.3045 12 5325.8562 

5 4.0 5341.7580 -4 8197.5020 13 8165.4765 16 6 0 8178.4043 -19 
70 5361.1876 -6 5316.9542 22 6.0 5339.209, 8 

;,i 
8199.7992 -112 8156.1504 10 8.0 8174.3543 2 

9.0 5364.143, 1, 5307.1275 7 8.0 5335.7322 4 9 0 8201 0334 -24 8145.7491 0 10.0 8169.2215 6 
11.0 5364.1611 1 5296.3111(1 7 10.0 5331.3291 21 8201 1755 0 8134.2140 -9 12.0 8163.0078 11 
13.0 5364.2515 17 5214.7175 1, 12.0 5325.9949 7 

;:,; 
8200 2275 -5 8121.7293 10 14.0 8155.7123 8 

15 0 5363.4009 -2 5272.1321 1 14.0 5319.73x 4 15.0 - 8108.1096 -6 16.0 8147.3365 9 
1, 0 5361.6154 -2 5258.6305 -3 16.0 5312.5438 -1 ;; ; 8195.0692 3 8093.4215 -10 18.0 8137.879, 1 
19.0 5358.8915 -,I 5244.2132 -5 18.0 5304.4262 -2 8190 8570 8 8077.6668 -1 20.0 8127.3420 -25 
21.0 5355.2292 -21 5228.8.911 -11 20.0 5295.379, -13 21 0 8185 5564 13 8060.8461 3 22.0 8115.7322 1 
23.0 5350.6314 -3 5212.6378 -3 22.0 5285.408, 2 23.0 8179 1682 15 24.0 8103.0482 35 
25.0 5345.0974 32 5195.4838 -1 24.0 5274.5115 1, 25.0 8171 6923 -6 8024.0238 49 26.0 8089.2835 -19 
27.0 5177.4238 11 26.0 5X2.6878 12 27.0 8163 1403 30 *0*‘.0192 -22 28.0 8074.4536 -51 

29.0 5158.4593 16 28.0 5249.9410 16 
31.0 5138.5942 6 30.0 52X.2766 -6 

32.0 5221.6982 -1 F. 9.2 BAND 

c. 1-O BAND .I R.. O-C P.. O-C J 9.c 0-c 

rL. 0-c P.. Q.f 0-c 

2.0 
4.0 
6.0 
8.0 

10.0 
12.0 
14.0 
16.0 
18.0 
20.0 
22.0 
24.0 
26.0 
28.0 

8042.1619 
8035.1165 
802,.0613 
8017.9971 
8007.930, 
7996.859, 
7984.7900 
7971.7108 
7957.6334 
7942.5819 

8044.55,8 -7 
8042.,8,2 -44 
8040.0107 -40 
8036.2285 10 
8031.4295 -2 
8025.6169 36 
8018.80,5 20 
8010.9578 22 

Note. Observed minus calculated line positions are in units of 10e4 cm-‘. 
’ Perturbed. 



C2 B’A,-A’& AND B”Z;-A’rI. 

Cd 

l- 
&,=6928 cm-’ 

loo00 

5000 

0 

I 
Phil lips 
System ’ I 

V,= ’ 8255 cm-’ I 

I 
Esllik - Ramsay 

Systam ’ 
I I 

I 
v,= 5522 cm’ 

I 

I 

“‘z&- 

I 

U31-I” 

265 

FIG. 1. Energy level diagram of the low-lying states of C2. 

Very recently, a new 1’ A,, state was discovered by Goodwin and Cool ( 7). Two- 
photon fragmentation of acetylene followed by resonance-enhanced multiphoton ion- 
ization of CZ located the 1’ A,, state 57 7 19 cm-’ above the X ’ 2: state. 

3595 cm-’ 3505 cm-’ ” 

FIG. 2. A portion of the O-O band of the B’ A,-A ‘JTI. transition of CZ near the R bandhead. 



266 DOUAY, NIETMANN, AND BERNATH 

FIG 3. A portion of the O-O band of the B’ At-A ‘II. transition of C, near the band origin. 

II. EXPERIMENT 

The experimental procedures are described in the previous paper (2). 

III. RESULTS AND DISCUSSION 

Our method of analysis is described in the paper on the Phillips system (2). The 
spectra were very congested, so the analysis proceeded by bootstrap calculation. First, 
a crude estimate of the location of a band was made and some Q-branch lines were 
picked out and assigned. A preliminary fit predicted the remaining lines in the band 
which were then measured and included in the fit. The search for new bands was 
guided by a preliminary calculation of Franck-Condon factors. 

Ultimately, eight bands of the B ’ Ag-A ’ III, transition were analyzed, O-O, l-0, 3- 
1, 5-2, O-l, 2-1, 4-2, and 3-2, while six bands were found for the B’ ’ ?$-A’ II, 
transition, O-O, O-l, l-0, 1-2, 2-1, and 3-2. The line positions of the B’ A*-A ’ II, 
and B’ ’ X,+-X’ II, bands are reported in Tables I and II, respectively. An energy level 
diagram and sample spectra are provided in Figs. l-4. 

C2 B.‘Z,- Ah, 

FIG. 4. A portion of the O-O band of the B’ ‘Et-AIn, transition of C, near the R bandhead. 
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TABLE III 

Molecular Constants for the B’A8 state of C2 (in cm-‘) 

COnStant v=0 “=I v=2 v=3 “=a v=5 

T, lls59.o9so(2)~ 13243.6377(3) 14609.3115(4) 15944.1799(4) 17260.3030(12) 18553.7486(9) 

6" 1.45527S3(21) 1.4384277(24, 1.4215521(28) 1.4046420(30) 1.3877210(80) 1.~707393(81) 

106 x 0" 6.3x.90(125) 6.34196(162) 6.3575(24) 6.3671(29) 6.4035(85) 6.3883(137) 

a 
The numbers in parentheses are one standard deviation in the last digit. 

The line positions of Tables I and II, as well as all of our observed line positions of 
the Phillips system (Table I of the preceding paper), were fitted simultaneously using 
the customary rotational energy level expression (2). The spectroscopic constants of 
the B’ A, and B’ ’ Zi states from this global fit are reported in Tables III and IV, 
respectively. 

The constants of the B ’ A, state are very well behaved, but those of the B’ ’ 2: state 
showed some evidence of interaction with other states. For example, o = 0, 1, and 2 
of the B’ ‘Z,+ state required H’s, although none of the vibrational levels of the 
B ’ A, state required any. The only local perturbations present in the B’ ’ X&4 ’ II, 
or the B*A,-A’II, transitions are for u = 2, J = 19e, 21e of the lower A’II, 
state (2). 

The constants of Tables III and IV were converted to equilibrium molecular con- 
stants (Table V) with the expressions listed in the previous paper (2). The global 
interaction of the B’ ’ Zg’ state with other states (particularly the X ’ Z,+ state) is also 
reflected in the equilibrium molecular constants (Table V). The W,X, value is very 
small (2.57 cm-‘) compared to the expected value of 7.65 cm-’ computed from (Y, 
with the Pekeris relationship (8). The G(u) and B, expansions require as many pa- 
rameters as data points to reproduce the data points within the experimental error in 
the B’ ’ Zg state. 

The X ’ 2: and B’ ’ ZJ states have the same symmetry, but nominally come from 
different configurations ( 1r4 for X ’ 2: and p2u2 for B’ ’ Et). In the ground X ’ 2: 

TABLE IV 

Molecular Constants for the E’ ’ 2: State of C2 (in cm-‘) 

Constant v-0 v-1 v-2 v-3 

T, 15196.5116(4)' 16616.9962(4) 1'3036.5144(8) 19457.8501(9) 

8" 1.4753124(42) 1.4648230(52) 1.4561354(112) 1.4478630(171) 

10% D, 6.7810(95) 6.6208(137) 6.744(35) 6.881(63) 

lo'% H" 2.220(66) 2.167(107) 3.38(30) 

' The numbers in parentheses are one standard deviation in the last digit 
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TABLE V 

Equilibrium Molecular Constants for the B ’ AZ and E’ I Zi States of C2 (in cm -’ ) 

State “. w. X. “. Y. 

B'A, 

B"ZZ+ 

B'A, 

B"X: 

B'A, 

B"$ 

1407.46529(134)~ 11.47937(60) 0.010256(73) 

1424.11890b 2.57113b 0.46398b 

B. 0. 7. x 106 

1.4636853(34) 0.0168161(35) -1.503(72) 

1.481006(296) 0.011752(459) 67.1a(l387) 

D, x 10e #J* x 10' 

6.3laa(l9) 0.1492(113) 

6.8596(136) -1.581(143) 

=. -L 

1.385475 A 12082.3360(40) 

1.377350 A 15409.1390(39) 

a The numbers in parentheses are one standard deviation. 

b All exact fif. 

TABLE VI 

RKR Turning Points of the B ’ AC State of Cz 

” E” (cm-‘)” %,,(A) k,x (4 

0.0 700.9482' 1.32618 1.45299 
0.5 1396.0803 1.30375 1.48370 
1.0 2085.4881 1.28732 1.50847 
1.5 2769.1793 1.27398 1.53023 
2.0 3447.1616 1.26260 1.55009 
2.5 4119.4426 1.25259 1.56064 
3.0 4786.0301 1.24363 1.58621 
3.5 5446.9318 1.23549 1.60303 
4.0 6102.1553 1.22802 1.61925 
4.5 6751.7084 1.22111 1.63498 
5.0 7395.5987 1.21467 1.65032 

a Relative to the bottom of the B'A, well. To convert 
the origin of the E, scale to the bottom of the X1X: 
well, 12082.1338 cm-', must be added. This number 
was calculated using the experimental value of 
11859.0980 cm-' for T,,. Note that the E, values in 
this table include the Dunham Y,, correction for the 
B'A, state. 
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TABLE VII 

RKR Turning Points for the B’ ’ Z: State of Cz 

269 

” E (cm-‘)’ Y %i, (A) %a, (A) 

0.0 712.7427 1.31765 1.44348 
0.5 1423.2797 1.29473 1.47268 
1.0 2133.2272 1.27777 1.49575 
1.5 2842.9331 I.26387 1.51558 
2.0 3552.7454 1.25191 1.53331 
2.5 4263.0120 1.24132 1.54950 
3.0 4974.0809 1.23176 1.56448 

a Relative to the bottom of the B"Cz Well. To convert the 
origin of the E, scale to the bottom of the X18: well, 
15407.7529 cm-1 must be added. This number was calculated 
using the experimental T,, value of 15196.5116 cm‘l. Note 
that the E, values in this table include the Dunham Y,, 
correction for the B"x: state. 

state, the G(u) and B, polynomial expansions are also not very satisfactory represen- 
tations of the vibrational and rotational energy levels. The interaction between 
X ’ 2: and B’ ’ Zi will change as a function of r and may cause the B’ ’ 2: and 
X ’ 2: potential energy curves to have peculiar shapes. 

The RKR potential energy curves (Tables VI and VII) were calculated from the 
equilibrium molecular constants (Table V). The RKR points for the B’ I Zg’, 
B ’ Ag, A ’ II,, and X ’ Zg states are plotted in Fig. 1 of the previous paper. 

The RKR potential points were used to calculate the B ’ AZ-A ’ II, (Table VIII) and 
B’ ’ Zz-A ’ II, (Table IX) Franck-Condon factors. We found all of the bands expected 
on the basis of Franck-Condon factors, confirming our vibrational assignment. 

TABLE VIII 

Franck-Condon Factors for the B ’ As-A ’ II, Transition of Cz 

0 0.544 EO 0.354 EO 0.898 E-l 0.113 E-l 0.754 E-3 0.253 E-4 

1 0.306 EO 0.825 E-l 0.378 EO 0.193 EO 0.371 E-l 0.332 E-2 

2 0.108 EO 0.263 EO 0.796 E-3 0.273 EO 0.270 EO 0.753 E-l 

3 0.314 E-l 0.181 EO 0.138 EO 0.543 E-l 0.148 EO 0.307 EO 

4 0.825 E-2 0.789 E-l 0.187 EO 0.409 E-l 0.122 EO 0.553 E-l 

5 0.206 E-2 0.278 E-l 0.119 EO 0.146 ED 0.168 E-2 0.156 EO 
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TABLE IX 

Franck-Condon Factors for the B’ ’ Z&4 ’ II, Transition of C2 

v” 
V’ 0 1 2 3 4 5 

0 0.635 EO 0.305 EO 0.556 E-l 0.438 E-2 0.106 E-3 0.147 E-6 

1 0.275 EO 0.199 EO 0.389 EO 0.123 EO 0.126 E-l 0.276 E-3 

2 0.723 E-l 0.306 EO 0.389 E-l 0.378 EO 0.182 EO 0.220 E-l 

3 0.144 E-l 0.140 EO 0.250 EO 0.688 E-3 0.338 EO 0.228 EO 

The observed spectroscopic constants for the B ’ Ag and B’ ’ Zi states are in agree- 
ment with the excellent recent theoretical calculations (Table X). For example, the 
error in the T, values is less than 1000 cm-’ and re is predicted to within 0.03 A. 

IV. CONCLUSION 

We have observed two new infrared electronic transitions of (22, B ’ A*-A ’ II, and 
B’ ’ Zi-A ’ II,, by Fourier transform emission spectroscopy of hydrocarbon discharges. 
These transitions involve low-lying states so they should be observable in comets, 
stellar atmospheres, and flames. 

TABLE X 

Comparison of Experimental Spectroscopic Constants of the B ’ A8 and B’ ’ Zb States 

of Ct with ab Initio Predictions 

state T. “. Y.X. r. a* 
(cm- 1) (cm- 1) (cm- 1) (A) (cm- ‘) 

B'A, (expt.) 12082 1407 11 1.385 0.017 

(theory). 11670 1350 13 1.408 

.(theory)b 12800 1322 14 1.41 0.017 

B'lZ+ s (expt.) 15409 1424 3 1.377 0.012 

(theory)' 14670 1368 8 1.402 

(theory)b 14600 1322 20 1.41 0.019 

a Reference 6. 

b Reference 5. 
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