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THE ANALYSIS OF THE HERZBERG SYSTEM 
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MOLECULES 
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In the emission spectrum of the carbon monoxide isotopic molecules the Herzberg 
bands at  a 0.6 ~x/mm dispersion have been obtained. For  the 13C100 motecule aH the seven bands 
of  this system have been obtained and for the 1~C180 moleeule the 0 - -2  and 0 - -3  bands only. 
A rotational analysis of these bands has been performed and the following constants  were 
determined: the rotat ional  constants  of the C12~ + and Al]'[ states,  the band origins for the 
C12~ + - -  ,41/-/transition, and the new vibrational  constants  for the C1~ + state. 

Introduction 

The CI~ + s ta te  was the subjec t  of  m a n y  studies in new sys temat ic  inves- 
t igations of  the electronic levels of  the CO molecule, per formed in reeent  years.  
Possibil i ty for  its explorat ions is given in the absorpt ion as well as in the emission 
spectrum. In  the absorpt ion spect rum the C127 + s ta te  can be inves t iga ted  from the 
I4opfield--  Birge band  system (C1Z + --  X12Y + transi t ion) s i tua ted  in the  vacuum 
ul t raviole t  region. In  emission, C s ta te  can be invest igated f rom the Herzberg  
bands (C1~ + --  y t ' / 7  transi t ion) s i tuated in the visible and near  ul t raviole t  
region. Ah in te rcombina t ion  CIZ + --  a '3Z + emission bands,  only once men- 
t ioned [12], does not  give any  fur ther  possibil i ty for studies, t h a n  the one deriv- 
ed f rom the  above transi t ions.  

Up to now most  of the in format ion  abou t  the C s ta te  has been derived 
f rom the high resolut ion studies of  the  C --  X transi t ion,  repor ted  b y  TILFORD 
and VAr~DEX~SLIC~. [22]. The 0 - -0  and 1 - -0  bands  obta ined in =C180 and 13C160 
molecules by  these authors  have made  the  calculat ion of the  main molecular  
constants  in this s ta te  possible. After  detai led considerations,  however,  ir 
seems t ha t  the constants  obta ined ate doubtful .  The same s i tuat ion occurs 
for the  constants  of  the  B127 + state,  der ived in this paper  f rom the analysis of 
the bands of  the B - -  X system. Namely ,  in the caleulations of  the vibrat ional  
eonstants  the  au thors  have omi t t ed  the  electronic isotope effect,  wha t  would 
not  have been necessary,  i f  bo th  obta ined  vibra t ional  quan ta  had been used. 

Sucia ah assumption has a significant effect upon the eons tant  values 
(as can be seen f rom the  detailed considerations) and consequent ly  these 
values are ve r y  deformed.  For  example  the r e constant  values of bo th  the 
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134 R. K~PA 

Table I 

0 - 0  band lines of I~CtsO (in cm -1) 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

j R Q P 

27181.209 

187.049 

193.425 

2oo.92o 

209.800 

220.305* 

234.040 

265.280 

294.750 

299.446 

315.138 

330.778 

346.693 

363.125 

380.149 

397.817 

416.250" 

27208.190" 

220.305* 

231.424 

242.59o 

254.099 

266.373 

279.668 

282.774 

312.673" 

27168.695** 

169.910 

171.975 

174.734" 

178.569 

182.542 

187.659 

193.807 

201.186 

210.461 

222302 

235.950** 

340.391" 

27154.610 

163.210 

172.760 

183.028 

192.720"* 

203.435 

213.032" 

222.590 

232.389 

242.590 

253.374 

264.711 

276.665 

289.262 

302.5o9 

316,435" 

331,138 

347.374 

361.591 

378.823 

397.3o8 

27164.557* 

162.529 

160.874" 

159.931 

159.931 

161.488 

164.557 

170.800 

164.910 

175.120 

184.383 

192.720 

200.920 

2o9.437 

218.489 

228.140 

239.433 

249.490 

27152.493 

t57.104 

160.874" 

164.557" 

168.695"* 

]73.526 

179.423 

187.049 

197.611 

262.086 

272.630 

286.183 

301.028 

C a n d  B s ta tes  o b t a i n e d  u n d e r  th i s  a s s u m p t i o n  are o n l y  a b o u t  ha l f  of  the  rea l  

va lues .  

O t h e r  papers  p u b l i s h e d  on  the  C s ta te  were c onc e r ne d  wi th  the  Herz-  

berg  b a n d s ,  b u t  as t hey  were  based  u p o n  e i ther  f r a g m e n t a r y  or i n s u f f i c i e n t l y  

a c c u r a t e  ana lyses  t h e y  d id  n o t  g i r e  a n y  f u r t h e r  i n f o r m a t i o n  a b o u t  th i s  

s t a t e  [5, 9]. There fore  the  a u t h o r  a t t e m p t s  to g i r e  c o m p l e t e  s tud ies  of  the  C 

s t a t e  b y  m e a n s  of  ana lyses  of t he  H e r z b e r g  b a n d s  in  i so top ic  molecules .  I n  th i s  

way ,  due  to  the  a d v a n t a g e o u s  l oca t i on  of these  b a n d s  a n d  b y  t he  use of molecu les  
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Table II 

0 - 1  band lines of t3C1~O (in c m - ' )  

135 

j R Q P 

1 

2 

3 

4 

5 

6 

7 

8 

9 

l0 

11 

12 

13 

14 

15 

16 

17 

18 

19 

2O 

21 

22 

23 

24 

25 

26 

27 

28 

29 

3O 

31 

32 

25722.794** 

727.941 

733.753 

740.251 

747.462 

755.367 

763.969 

773.268 

783.271 

793.949 

805.347 

817.436 

830.258 

843.864 

858.62O 

25871.180 

887.450 

9O3.876 

920.858 

938.497 

956.826 

975.827 

25715.389 

7!6.791 

718.877 

721.681" 

725.176 

729.363 

734.257 

739.843 

746.126 

753.119 

760.832* 

769.324 

779.482 

845.671 

860.486 

875.227 

890.604 

906.630 

923.375 

940.822 

959.053 

976.313 

25774.940 

787.448 

798.100 

8O9.325 

821.241 

833.972 

850.365 

25711.659 

709.373 

7O7.743 

706.814 

706.603 

7O7.065 

708.204* 

710.113 

712.690 

715.955 

719.930 

724.615 

730.009 

736.215 

743.573 

25748.727 

757.632 

766.634 

776.205* 

786.493 

797.439 

809.100 

821.419 

834.471 

848.243 

862.785 

876.398 

893.364 

910.004 

927.294 

945.290 

963.953 
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136 a. r~PA 

Table HI 

0-- 2 band lines of 13C100 (in cm- 1) 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

dr R q P 

24312.659* 

318.563 

325.227 

332.618 

340.774 

349.615 

359.212 

369.553 

380.628 

392.442 

404.984 

418.287 

432,300 

447.068 

462.569 

478.824 

495.817 

513.566 

532.057 

551.335 

571.418 

592.392 

24300.013 

301.489 

303.690 

306.645 

310.344 

314.767 

320.029 

325.631 

332.348 

339.730 

347.847 

356.690 

366.274 

376.594 

387.651 

399.459 

412.012 

425.300 

439.343 

454.131 

469.679 

485.984 

503.052 

520.946 

539.660 

559.385 

580.727 

607.423 24592.392 

24296.035* 

293.873* 

292.446* 

291.747" 

291.747" 

292.446* 

293.873* 

296.035* 

298.967 

302.629 

307.029 

312.163 

318.041 

324.662 

332.029 

340.136 

348.990 

358.599 

368.952 

380.074 

391.976 

404.681 

418.287 

433 381 

455.138 

24461.107 

476.840 

m o r e  en r i ehed  w i t h  ~3C iso tope ,  the  d e t e r m i n a t i o n  of t he  l ine  w a v e  n u m -  

be r s  m a y  be p e r f o r m e d  w i t h  g rea t e r  a e e u r a e y  t h a n  in  v a e u u m  u h r a v i o l e t  

s tud ies .  

T h e  H e r z b e r g  b a n d s  in  the  1~C180 molecu le  h a v e  b e e n  the  s u b j e c t  of  

p r e v i o u s  ana lyses  [15]. I n  th i s  pape r  the  ana lys i s  of  th i s  s y s t e m  in  laCleO a n d  

p a r t l y  i n  12CleO molecules  is p r e s e n t e d .  
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Table IV 

0--3 band lines of 13Cle0 (in cm -1) 

137 

j R Q P 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

22923.907** 

929.129"* 

935.244 

942.072 

949.684 

958.088 

967,210" 

977.216 

987.948 

999.458 

23011.760 

024.828 

038.677 

053.313 

O68.74O 

22916.454** 

918.040 

920.377 

923.493 

927.403 

932.043* 

937.546 

943.786 

950.806 

958.605 

967.2O5 

976.563 

986.715 

997.646 

23OO9,368 

22912.754* 

910.606 

909.236 

908.644 

908.809 

909.783 

911.532 

914.060 

917.373 

921.464 

926.341 

932.043* 

938.434 

945.670 

953.686 

O84.935 

101.921 

119.703 

138.278 

157.656 

177.876" 

199.091 

23222.922 

021.878 

035.176 

049.281 

064.224 

080.205 

102.586 23094.658 

112.861 

131.029 

149.939 

169.696 

962.491 

972.082 

982.465 

993.653 

23005.654 

018.502 

032.358 

048.801 23039.996 

059.954 

076.356 

093.218 

Exper imen ta l  procedure 

The emission s p e c t r u m  of the  H e r z b e r g  b a n d s  has  been  o b t a i n e d  f rom 

a ho l low-ca thode  t y p e  l amp .  This  t y p e  of  l amp ,  a l though  m a n y  o ther  d ischarge  

tubes  were t r i ed ,  p r o v i d e d  the  h ighes t  i n t e n s i t y  of  the  H e r z b e r g  b a n d s  r e l a t ive  

to  o the r  " b l e n d i n g "  sys tems .  To o b t a i n  the  s p e c t r u m  of  the  12C160 molecule ,  

a l a m p  was f i l led  w i t h  gaseous ca rbon  d iox ide  of  spec t ra l  p u r i t y .  The s p e c t r u m  

of  t he  13C160 molecule  was o b t a i n e d  f rom a l a m p  f i l led  w i th  gaseous ca rbon  
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138 R. r,~› 

Table V 

0--4 band lines of X3CleO (in cm -1) 

J R Q P 

i 

2 

3 

4 

5 

6 
7 

8 

9 
10 
11 

12 
13 

14 

15 
16 

17 
18 

19 
2O 

21 

22 

23 

24 

25 

26 
27 

21579.186" 

585.365* 

592.361" 
600.218" 

608.933* 

618.430" 
628.699* 
639.846* 

651.8t6" 
664.563* 

678.229* 

692.62O 

7O7.861 
723.924 

740.819 
758.535 

777.079 

796.437 

816.628 
837.595* 

859,493 
882.163 

21566.514" 

568.173 

570.643 

573.867* 

578.039 

582.977 

588.739 
595.328 

602.742 

610.976 

620.029 

629.919 
640.630 

652.163 

664.563* 

677.717 

691.739 
706.593 

722.261 

738.779 
756.112 
774.294 

793.366 

813.031 

833.732 
855.25O 

877,804* 

21560.697 

559.462 

559.065* 
559.462 

560.697 

562.744 

565.586 
569.31O 

573.867* 
579.186" 

585.365* 

592.361" 
600.218" 

608.858* 

618.354" 
628.699* 

639.846* 
651.816" 

664.563* 
678.229* 

692.729* 

708.044 
724.213 

741.062 

758.993 
777.715 

dioxide enriched in 95% isotope 13C. Pressure in bo th  types  of the lamps was 

3 m m H g .  The lamps were supplied by  600 V d.c. generator  with current  about  
50 mA. Pho tographs  were made  in the 5th, 6th and 7th orders of the plane- 
gra t ing PGS-2 spect rograph (VEB Carl Zeiss, Jena)  with a reciproeal l inear 

dispersion f rom 0.38 X/mm to 0.83 ]k/mm. Exposi t ions  were made  on O R W O  
U V l - t y p e  plates for shorter  wavelength  bands and on Agfa-Gevaert  68A56 

plates for the longer wavelength  i.e. for the 0 - -4 ,  0 - - 5  and 0 - - 6  bands.  The 
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Table VI 

0--5 band lines of x3Ca60 (in cm -1) 

2 

3 
4 

5 

6 

7 

8 
9 

10 

11 
12 

13 
14 

15 

16 

17 

18 
19 

20 
21 

22 

23 

j R Q P 

20262.840** 

269.084* 

276.3o8 
284.364 

293.284 

303.062 

313.729 
325.252 

337.640 
350.897 

365.004 
380.023 

395.871 
412.591 

430.180 

448.666 
468.018 

488.252 
509.339* 

20251.664* 
254.292 

257.753 
262.063 

267.273 

273.353 

280.257 

288.122 

296.767 

306.331 

316.747 
328.020 

340.188 
353.216 

367.121 

381.893 
397.542 

414.069 
431.482 

449.764 
468.900 

489.034 

20244.219"* 

243.098 

242.870 
243.495 

244.976 

247.341 

250.560 

254.654 

259.632 

265.465 

272.170 

279.762 
288.167" 

297.556 

307.754 
318.837 

330.791 
343.625 

357.344 

371.919 
387.427 

exposure t ime of  bands ranged from 2.5 to 7 hours. For  the wavelength  calibra- 
tion Fe  and Kr  s t andard  lines f rom the  hol low-cathode type  lamp and ord inary  

Geissler lamp were employed. The measurements  of  the lines wi th  ah accuracy 
(1 #m) were per formed using Abb›  compara tor .  As a result  of  the  devia- 

t ions analysis of  the calibration spec t rum lines, the accuracy  of band  lines 

was est imated.  The absolute accuracy  is about  0.005--0.010 cm -z  and 0.003--  
0.005 cm -1 is the internal  one. The lines marked  by  one or two asterisks for 

various reasons, small  intensi ty,  blending, etc. ate respect ively less aecurate.  

Calculated values of the wave numbers  of the lines for the 0 - -0 ,  0 - - 1  up 
to  the 0 - - 6  band  in the 18CI80 molecule are listed in Tables I to  V I I .  Wave  

numbers  of lines for the 0 - - 2  and 0 - - 3  bands in the =C160 molecule ate given 

in Tables V I I I  and IX .  
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Table VII 

0--6 band lines of 13CreO (in cm -x) 

2 

3 
4 

5 

6 

7 
8 

9 
10 

11 

12 

13 
14 

15 

16 
17 

18 

19 
20 

21 

j R Q P 

18999.051 
19008.390 

018.881 

030.105 

042.209 

055.192" 
069.067 

083.844 

099.503 
116.007 

133.541 
151.863 

171.277 
191.270" 
212.382"* 

18964.676* 

967.852 

971.879 

976.768 
982.517 

989.149 

996.656 

19OO5.O57 

014.319" 
O24.498 

035.550 

047.514 

060.370 
074.141 

088,805 
104.459 

120.817 

138.218 
156.522" 

18957.460** 

958.200** 

960.207 
963.132 

966.937 

971.683" 

977.199 
983.646 

990.995 

999.245 
19008.390 

018.468 

029.440 
041.427 

054.056 

067.777 
082.423 

097.939 

Results and discussion 

The B o and D O ro ta t ional  constants  for the C s ta te  were determined f rom 
R(J )  and  P(J-) b ranch  fines, b y  means of  J ~ F ' ( J )  t e rm differences. For  this 
purpose,  average values of  these differences were determined from aH the  

seven bands  in the 13C~60 molecule, and  f rom b o t h  analysed bands  in the  
I~C1~ molecule. Using the  least-squares method,  by  means of  the equa t ion :  

A 2 F ' ( J  ) = (aB o - -  6Do)(J ~- 1/2) - -  8Do(J  ~- 1/2) 3, (1) 

the following constants  were calculated:  

= (1.85847 • 0.00015) cm -1,  

D‰ = (5.67 • 0.19) �9 10 -e  cm -1  

for the 13C160 molecule and 
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Table V i l ]  

0--2 band lines of x2CleO (in cm -1)  

141 

j R q P 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

24257.236 

263.400** 

270.414 

278.154 

286.667 

295.955 

306.011 

316.843 

328.435 

340.798 

353.936 

367.865 

382.537 

398.000 

414.234 

431.250 

449.033 

467.610 

486.973 

5O7.117 

528.079 

549.916 

572.897 

24598.350* 

24244.041 

245.593 

247.900 

250.984 

254.859 

259.519 

265.128 

270.912 

277.918 

285.657 

294.158 

303.430 

313.475 

324.287 

335.877 

438.231 

361.381 

375.306 

390.007 

405.496 

421.773 

438.840 

456.7O1 

475.386 

494.919 

515.369 

537.002 

561.294 24544.412 

24239.958 

237.768* 

236.170" 

235.419 

235.419 

236.170" 

237.664 

239.958 

243.021 

246.860 

251.473 

256.863 

263.029 

269.973 

277.695 

286.194 

295.479 

305.546 

316.402 

328.045 

340.490 

353.755 

367.865 

383.080 

4OO.948 24389.451 

414.234 

430.266 

448.465 

467.357 

B£ = (1.94345 • 0.00007) cm -1 ,  

D£ = (6.28 ~ 0.07) - 10 -o  cm -1  

for the  12C1~O molecule .  O n  the  bas is  of these  B~ c o n s t a n t  va lues  a n d  the  

c o n s t a n t  o b t a i n e d  i n  t he  l~ClsO molecu le  [15], i n c l u d i n g  also t h e  B o a n d  B 1 

c o n s t a n t s  d e t e r m i n e d  f rom the  ana ly s i s  of  t he  H o p f i e l d - - B i r g e  b a n d s  [22], 
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Table IX 

0- -3  band lines of 12Cle0 (in cm -1) 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

j R Q p 

228 39.020** 

844.6O5 

850.957 

858.117 

866.092 

874.886 

884.522 

894.930 

22906.175 

918.234 

931.120 

944.817 

959.334 

974.667 

990.820 

23007.789 

025.583 

044.167 

22831.317 

832.951 

835.410 

838.686 

842.782 

847.714"* 

853.423 

859.972 

867.338 

875.520 

884.522 

894.352 

22904.994 

916.453 

928.731 

941.843 

955.767 

970,491 

22827.426* 

825.177 

823.744 

823.139 

823.343 

824.369 

826.216 

828.883 

832.367 

836.676 

841.802 

847.714"* 

854.513 

862.1O9 

870.519 

879.761 

889.816 

22900.678 

063.623 

083.831"* 

23104.973 

126.812 

149.527 

173.103 

197.478" 

23222.646* 

986.086 

23002.484 

019.708 

037.708 

056.631 

076.340 

096.884 

23118.223 

140.589 

912.410 

924.948 

938.318 

952.473 

067.532 

983.390 

23000.072 

017.562 

035.985 

a s e t  o f  s e v e n  e r  f o r  t h e  c o n s t a n t s  B e a n d  ~e i n  t h e  C s t a t e  w a s  

e s t a b l i s h e d . *  I t s  s o l u t i o n  a f t e r  u s i n g  t h e  D u n h a m  i s o t o p e  r e l a t i o n s  [1] g i v e s  

t h e  f o l l o w i n g  c o n s t a n t  f o r  t h e  12C160 m o l e c u l e :  

B c -= (1 .95381  ~ 0 .00036)  c m  - x ,  

~c  ~ (0 .02005  ~ 0 .00039)  c m  - 1 .  

* Taking primarly the constants Be, a e and >'e for the fi t t ing of this set of data,  the 
constant value ~e was found in limits of its standard error; therefore further the constant ~e 
was  o m i t t e d .  
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Present and earlier data for the values of the rotational constants ate listed 
in Table X. Using the KovXcs's functions fQ(J), f pR(J )  and f - ~ ( J )  [2], the 
differences of the rotational constants for both combining states were deter- 
mined. The average values computed from all the banal lines are respectively: 

B~ = B A ---- (0.3490 4- 0.0006) cm -x, 

B~ - -  B ~  -= (0.3687 4- 0.0002) cm -x, 

B~ -- B A ----- (0.3902 4- 0.0004) cm -1, 

B~ --  B ~  -= (0.4120 4- 0.0004) cm -1, 

B£ - -  B A = (0.4341 4- 0.0004) cm -x, 

B~ -- B A = (0.4593 4- 0.0006) cm -x 

for the Ÿ molecule and 

B ‰ -- B A = (0.3863 4- 0.0002) cm -x, 

B~ -- B~ = (0.4094 4- 0.0001) cm -x 

for the 12C180 molecule. From these values and the constants B~ determined 
previously the rotational constants of the AI I1  state have been calculated. 
The results are listed in Table XI.  For the calculation of band oHgins two 
methods were applied; the first one for the regular bands and the second for 
the bands with perturbation in initial rotational levels. 

For the perturbed i.e. the 0--0, 0--1 and 0--6 bands the band o¡ have 
been determined by extrapolation of Q(J) branch lines and by R ( J  - -  1) A- 
+ P ( J )  lines combinations [1]. In the remaining bands, the band origins 
¡ been found by means of gQ(J), gpR(J) and pg~(J) functions [21. The 
results obtained by use of both methods are listed in Table XII .  Further,  
using the constants B, listed in Table XI,  it was possible to recalculate the 
o~ A band origins to the c~ A values i.e. "reduced" banal o¡ These values 
simply contain the differences of the electronic and vibrational terms for both 
combining states. Using the c~ A values determined in the 13CŸ and =C180 
molecules as well as in laClsO (on the basis of earlier data [15]), and including 
the vibrational quanta AGlŸ 2 of the C state in the laCleO and 1~C180 molecules 
[22] one can obtain the following equations for the vibrational constants of 
the C state: 

CA 1 C 1 
c~ + Ga(v) = a› + - 2  r176 - - - -4  me x ›  

AG~ --- co c - -  209 e x › 

for the 1~C1~0 molecule, 
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Table XII 

Band origins of the C1X + -- A1H system in laC1eO and lzCleO molecules (in cm -1) 

Moleeule 

Band 

0--0 
0--1 

0--2 

0--3 
0--4 

0--5 

0--6 

13C16 0 

Present restt]t s 

27168.0 +0.2 

25714.691-4-0.016 
24299.217• 

22915.679___0.021 

21565.641__+0.028 

20249.066_0.025 

18962.32 • 

.�91 er  
[9] 

24299.4 

22915.8 

21565.7 

20249.1 

Present resu]t~ 

24243.264• 

22830.499• 

A~ter JO]~NSON 
and AS~~DZ 

[71 

25686.1 

24243.2 
22830.5 

.4~t~ [91 

24243.3 

22830.6 

CA 1 1 Co~, + C~~(,,) ~A 

AGŸ = 0i c~233 - -  2~~ O.)eX › 

for the 13C160 molecule and 

CA 1 1 2 Co~(2) -f- G~)(v) = CA 

for the 13C1sO molecule, where Q~ and e~ ate the ratios of the redueed masses 
of the 13C1eO and 12CLSO molecules, relat ive to the 12C1aO molecule. The values 

of GA(v) vibrat ional  terms in the All-[ state  were found using D u n h a m  isotopic 

relations and the following constants  of this s tate:* 

COe A = 1518.398 cm -1, 

r e x A = 17.678 cm -1, 

c% yA = 0.0146 cm -1. 

For  the c~ A + GA(v)values on the left side of  Eqs.  (2) average values, deter- 

mined from all regular bands  have been used. In  the solution of  this set of 
equations,  which permits  avoiding the influence of the error of  experimental  
da ta  on the calculated constants  (impossible in the direct me thod  of  solution), 

some simplifications can also be employed.  Namely,  the a› A, ae~~ and a~~ 
sys tem origin values on the r ight side of  equations may  differ only by  differ- 

ences of  the electronic isotope effects of  C and A states. 

* The constants were determined from reduced band origins obtained from BYT•L 
data [11, 16, 17] and isotopic relations. 
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The  fact  t h a t  the C1Z + and  B12: + s ta tes  are R y d b e r g  s ta tes  and  belong 
to the  same electronic conf igura t ion :  (la)2(28)2(38)2(4a)2(XŸ where  

m ---- 7 for  the  B 1 X  + s ta tes  and  m ---- 9 for the  C I X  + [13, 21] was also t a k e n  
into considerat ion.  Therefore ,  i t  was assumed t h a t  the  behav iour  of  b o t h  the  
B and  C s ta tes  is similar  and  they  have  the same  electronic isotope effeets.  
As the  exae t  values  of  the  differences of  electronic isotope effects in B~Z + and  

A I l I  s ta tes  are known [16]** 

~~A(12C1~O) _ ~BAI13Cru~~ - -0 .590 cm -1, t~e(1) ~ ~ v  ] 
and  

a ~ A ( = C 1 8 0 )  - ~'~(2)~"BA~=wsr~~'-' "-'P = - - 0 . 4 8 9  c m  - I ,  

the s ame  values,  as differences of  the  electronie isotope effects  in C1Z "+ and  
/ I ' H  s t a t e s  were used. U n d e r  such a s sumpt ion  the  set  of  equat ions  (2) was  
solved yielding the  following cons tan t  values:  

co › = (2220.2 2~ 1.3) cm -1,  

c% x~ = (37.09 -b 0.84) cm -1,  

a~ g = (26826.6 • 1.6) c m - L  

The  eonf ron ta t ion  of these  resul ts  wi th  the v ib r a t i ona l  cons tan ts  of  o the r  
R y d b e r g  s ta tes  is p resented  in Tab le  X I I I .  The  fac t  t h a t  the cons tan t  va lues  are 
qui te  s imilar  proves  the  earl ier  hypothes is  t h a t  the  cons tan ts  of all R y d b e r g  
s ta tes  m a y  be v e r y  similar  [13], as well as the  correetness  of  our assumpt ions .  

Table XHI 

Vibrational constants COe, i, coeX e of the known Rydberg states in the 12Cle0 molecule (in cm -1) 

ant 

CxX+ Present results 

~e 

2220.23-1.3 

(2175.92)* 

37.09 -~ 0.84 

(14.76)* 

After RYTIgL [16] 2153.929 35.879 

BxX + 
After McCuL,.oH and GLOr [14] 2160.7 39.3 

(2112.70)* (15.22)* 

E I l l  After K~rA et  al. [10] , 2246.85 46.53 

c3H After DANII~LAK et al. [8] 2246 - -  

j3~+ After TILFORD and VA~DERSLICE [22] (2196)* (15.0)* 

( )* TILrORD and VANDERSLICE results [22]. 

** The values were recalculated using the reduced band origins and new vibrat ional  
constants of the A l l I  state, presented earlier. 
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