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The Identification of the (0 ,0) and (1 ,0) Bands 
of the CN Red System in the Solar Spectrum 

l\Lrnro Rrm; TT1* 

.\Bl'iTR\CT A comparison h:1s becn madP of the " ·avclt•ngths of thl' rotational lines in the (0,0 ) and (1,0 ) bands of 
the ex rC'd systC'm prnduced in th<' laboratory \\"ilh the tabulated \\"avrlC'ngths or lines in th e sohtr spcclrum in the 
nl'il,(hbourhood of l l ,000 .\ and 0200 .\ rl'spectively. Somc 3 coincidrncl'S 11·C're rstablished bet ""l'rn CX lirws and 
prcviously unidcntifiecl lirws of solar or trrrestrial origin. 

IUsn1É- Xous avons rt::ib li une eomparaison l'ntre lcs longueurs d 'onde dt'H mil'S rolalionne ll e8 dl's b:indl's (0,0) l'( 

( 1 ,0) du sysfrnw rouge CX ohsNvé au laboratoi re et les longueurs d 'oncll' dassécs du spectre solaire dans ]p voisinage 
de 11,000 ,\ e t \l200 .\ n•spt•cl ivenwnl. Qtwlqu' 38 coï1widences ont été établies t'n(re lC'R raies ex l'~ des rnit•s non 
rncore idl'ntififr~ d'origine solaire ou te rre trc. 

Introduction 
The C'lecironic lrarn-ülion r\.2Il-X~~ of the CX 

molecu le producc · a syi;lem of Yibrntion-rolation bands 
cO\·ering the spectral range from 0.6 to 1.5µ. The' most 
inten:-;e ban d~ of this red sy:-;lem arn localed bel ,,·een 
0.7 and l. 0µ but owing to lechnical difficullies they 
ha\'e scarcely bcen Rtudicd eitlwr in Rolar or :-;le llar 
spectrn. JmproYed infra rC'd -sensiti\'e cmulsiom; now 
make it pos:-;ible to photogrnph the red :,;y:-;tem at high 
spectral resolu lion. Since the prei::;ence of ex is well 
cstablished in cornet::;. planets, carbon stars, and the sun, 
a study of the rotational line structure of the:-;e bands 
co,·ers a wide range of astrophysical interests. 

Accordingly, spectra at high dii':ipersion were oblained 
,rit h a grat ing spectrograph and a lahoratory source of 
ex of the (0,0) and (1,0) band;; of the recl system, cover
ing the speclrnl range from 9140 to 11,550 A. r\. rotational 
analysis has been carried out on the two bands and thcf"e 
re.,ults, including wavelengths and provi8ional rotational 
constants, have been published elsewhere (Rigutti 
1959). In th present paper the spcctrum of the recl 
band:-; produced in a laboratory ouree is compared with 
the tables of line in the infrared solar spectrum by 
Babcock and l\Ioore (1947) and prcviously unidentified 
li nes of . olar or terrei':ilrial origi n are a.-signed to the 
Cl\ rnolecule. 

Observations 
The laboratory sou rce of lhe ex red band,; was a 

D. . eleclric arc Ui':iing carbon or graphite electrodes, 
either 6mm. or 12 mm. in diameter, opcrated in air with 
a current of 7 amperes. A comparison spec trum was 
obtained with an iron arc operaled in a ir " ·ith a D.e. 
current of 3.5 ampere . . 

•~ow at Arcetri Ob~ervatory, Florence, Italy . 
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The spectrograph employ a plane' refiection grnting 
(ru led 14,-1:00 lines per inch over an area 3 in. x 5 in.) 
in a modificd Littrow mounting with camera and colli
mator mirrors of 20 foot focal length. The (0,0) band was 
photographed in the scc:ond order with a disperi;ion of 
1.14 A/ mm., while the (1,0) band was photographed 
in the third ordcr ,rith a cli:-;persion of 0.61 A/ mm . 
~ine spectrogrami':i of the (0,0) band were takcn on 
Kodak IZ platci':i hypen,ensitizccl in ammonia, with 
exposurc,; rnnging from 40 to 60 minutes. Four of the 
nine spectrograms "·ere u:cful for \\·a,,elength mcasure
menti':i. For the (1 ,0) band ten spectrograms "·ere taken on 
Kodak Il\I plates hyperscnsitized in ammonia, with 
expoi':iure times ranging from 20 to 60 minutes. Five 
of the ten ;;pectrogram · ,Yerc uscful for wavelenglh 
measurements. Glass filters werc used to i;;olate the 
appropriate orders of the grating: eorning 2540 for the 
(0,0) band; eorning 5031 and 2030 for the (1,0) band. r\. 
Rlit width of 70 µ was used for ail the i':ipectrograms. 

Xo intensity calibration of the plates was attempted 
because it ,m., found that lhe inlensity of the eN lincs 
dependcd strongly on the composition and condition of 
the clec:trodes in the arc source. 

\,Vavelength measurements werc made " ·ith a two 
stage ~Iann comparator at the Dominion Obscn-atory. 
The wavelengths for the iron comparison spectrum 
wcre takcn from the 1\1.I.T. tables (Harrison Hl39). 

Results and Discussion 

Examples of the spectrograms of the (0,0) and (1,0) 
bands are shown in Figure 1 and Figure 2 rcspecli,·ely. 
The results are presented in Tables 1 and 2 in which 
laboratory data are shown on the left and solar data 
from the tables of Babcock and :\Ioore (1947) are on 
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Figure l . The first part of the (0,0) band of the CN red system in emission from a laboratory source. The R:! head is al 10925.547 A. Enlargement 2x. 
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Figure 2. The first part of the (1,0) band of the CN red system in emission from a laboratory source. The R! head is at 9140.572 A. Enlorgement 2x 
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T.\BLE 1. A2II-x2
~ (0,0) BA~o oF ex CoMPAREo To T111;; RoLA R SPErTnt· i\1 

-I ___ Hotational Quantum X umber Laborator~· 
1 

Hun 
- - --- --- - Identification 

' 

\\'ave number \\'avdt·nµ;th \\'av<'- Run Lah . h.Y Ba hrork 
R1 H2 Q1 Q2 P1 P2 Ill in air l<' nµ;th Disk lnl. A and :\Ioorc ( 10-t ï) 

vacuurn , c1n-1 A A 
--· --- --

10 !lt.Jï.\lG0 10928.-105 10\)2 .-t3 ox + 0 . 025 0 
11 \l l .J 6. 60:3 10\):30 . 026 lO!J:30. 06 -:3X + 0.0:3.J Cr. Atm? 
] 2 \ll-l-.J . \l20 10\J:32 .o:38 JO!J:32.06 -2 + 0.022 Atm 

2 \)l:3!). :lïo J00:38. 6ï7 JQ!):38. 68 2:\'X + 0.00:3 Atm 
lï !)t:H .(iï\l lO!l-!ï.S!l0 JO!l-17 .88 l - 0.010 Atm 

5 !)l :30 .8\l3 JO!l-l-8.8:32 JO!MS.85 -:3 + 0.018 0 
20 !lll!).6\J:3 10flG2.27!l ]0!)62.:30 :311s + 0 .021 :\1g? 

10, 11 !l i 18 .ïl.H J0!l6:3 . .J -t!l 10\l(i:3 . ·1 - 1 + 0.031 0 
8 !ll 17 .:3\H 10065.(H:3 10!165 .0:3 -l - 0.013 0 

!) \)1 15 .70\l 10\lGï .0(i\l JQ\)(lï .08 -:3 + 0.01 l -
16 \li l2. 611 10\J70. 7!) 10\)ïü.80 -:3 + 0.002 -

22 !J I0!l.\l82 t0\ln.!l65 JO!ln.m -!XX* + 0.005 0 
18 !l t07 .:321 t O\lï7. t 70 l09ï7.18 5nl + 0.010 Atm 
21 !! 106. ·12.J J0!l!l0 . :321 10\l!J0 .:H -2 + o.orn Atm 

6 908!). -177 10\)!) .720 I0!l!l8 .ï-l -2 + 0.020 -
ï nos1 .sn:3 l 1000 .6:37 l 1000 .G:3 - 2 - 0.007 -

15 0083 .U-H) 11005 . .J I.J 11005 . .J2 -1 + 0.006 -
() \l083 . ..J0 11006 .06!1 l 1006 .08 -2 + 0.011 Atm? 

25 !l0ï6.t:31 ll0I..J . 52\J 1101.Jc. 56 -:3 + 0.0:H -
] 5 !)059.ï:36 lL03-l-.82ï 110:H.so ox - 0.027 0 

]\) !)056 .:343 1 t0:38 .961 l 10:33. !l5 12 - 0.01 l Atm 
17 20 !l0-l8.56D t l0.J8 . .J -t5 110-1-8 . .Jcl IX - 0.005 0 

22 \)0:32. 10.J JJ068. 586 l 1068 .57 -2 - 0.016 0 
20 9028.80 l JOï2.626 ll0ï2 . 6 l -2 + 0.01-l- Atm 
2l !l02l.-l-l-0 1108 l. 66\J LL0Sl . 65 -2X - 0.016 0 

rn 8!)!)2.0ï-l- 11117 .85!) l l l I ï .86 ..J + 0.00L Atm 
28 8\lï..J . :322 l LJ:39 . 85:3 111:30 .s-1- :3 - o.on Atm 
2!) !l6:3 . .J60 l Jl5:3 . 351 lll53 .3:3 - :3 - 0.021 0 

22 8!)57.590 11160 . 661 11160 . 65 (ï5) - 0.011 Atm 
22 39:33_321 lll8-l. 720 1118.Jc.6!) -:3 - 0.030 -
25 8902.620 11229.5ï:3 11220.60 -2 + 0.02ï 0 

35 8 !)0.!Jl8 112H.35:3 112-H.36 0 + 0.00ï Ti 

*Sunspot linc ; absent from di sk. 

TABLE 2. A2II-X2~ (1,0) BA D OF CN CoMPARED TO TH!è f:ioLAR SPECTRUM 

Rotational Quantum Numbers LaboraLory Sun 
IclcntificaLion 

\\ 'ave numbcr Wavclcnç;lh \\"avc- Sun - lab. by Babcork 
Q1 Q2 in in air len11;lh Disk InL. A and l\loorc (l9.J7 ) 

vacuum, cm·' A A 

10906.-137 !)166.:38 1 !) l 66. :3!) -3 +o.oon Fe? 
!) 10!)01.895 !Jl ïO . 200 \Jlï0. lï -:3 -0.0:30 0 ? 

13 10880.:39!) \)188 . :317 !)t88 . :3.J6 -:3 +0.02!) 0 
10 10866.280 !)200.256 \)200.2:3 -:3 -0.026 0 

22 10811.122 !)2.Jï. l!J5 !)247 .19 -3 -0 .005 0 
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the right. Thr rotatio11al quantum numbprs of thp lincs 
a,-, a;;--ig1H·d in the lahoralor:v analysi,.; arc c11tprcd 
u11dcr the headings for tlw ,·ariou,-, bra11(·hc•,-._ lt should 
hc• nolcd that thl' lahlr,-. of Balwoc-k and :'-doore arc 110w 
u11drr rc·,·isio11 al the Xatio11al Burrau of ~tandards 
but mn·clcngths longrr than 6600 .\. \\·ill not be c-hanged 
(:\Ioorc-~itlcrly 1961). 

Tlw \\·ayclc11gth,.; of 569 lines \\·crc mcasurcd in the 
t \\·o CX bands: 322 in t be (0,0) ancl 24 7 in the (1,0) 
band . 'l\rn critrria \\"(' l"f' usC'd in iclentifying these lincs 
\\·ith lines in the solar tables. Firsl, lines werc rctaincd 
only if the differences in \\·ayclenglh "sun-lab" \\·ere 

~À :S:. 0.03 .\, clisrcgarding their pre,·ious idcntific·ation 
by Bal)('OC' k and :\Ioorc (J 94 7). f-:;f'c-ond , Ji nes \\·crc 
rf'jectcd if the relati,·c intcnsities clic! not eorrcspond Lo 
the rolalional intcnsily distribution C'omputed for a 
..:\ 2I1-x2~ band at the tempcralure of the photo
sphcrc, " ·ith duc allowanee made for the spectrographie 
resolution in the solar spN·trum. 

.\s shmrn in Tables l and 2, only 38 ex lines arc 
atlributccl Lo tlw solar spcetrum. This small nurnber 
can hc casily cxplainecl. Firs( of ail, wcak solar lines 
(suc h a:-; those duc to CX) mighl escape cletcction 
altogcther. Thcn , thf' eombined c1Tors in the laboratory 
and solar waYclcngths might in somc cases cxccecl the 
adoptccl limil of 0.03 .\ . The eritcrion of rcjccting line:, 
according 1.o their relatiYc intcnsities m1s strictly 
applicd and climinatecl many lines \\·hich fulfillecl the 
condition t.À :S:. 0.03 A. II owenr, somc crror mighL arise 
bccausc Lhe expec·tecl intensity distribution of 1.he CX 
linei=: mighL be alterecl in the 1-;olar speci.rum. For example, 
blends with other solar lines may cause intcnsity clistor
tions. Finally, 1.he region of the solar spectrum uncler 
cxamination i:, crowdccl with rnany atmo:--pheric lincs 

whi('h are' often inknsc; the ex lines, on the othcr 
hand , arc ,·ery \\·cak. 

The' ic!C'nlifieations gÏ\'C'n in this papC'r ean be rcgarclccl 
with confidf'nc·c for the majority of them satisfy ,;imul
tancou,.;ly hoth eriteria desc-ribed aho\'e. ,'orne cloubts 
can howc,·er be ad,·aneccl for the CX lines coineiding 
\\·ith strong lines a,;signecl by Babeoc-k and :\Ioorc to 
atmosphcric absorption. In tllC'sc easC's the lines satisfy 
the condition t.À :S:. 0.03 .-\ only and il is assumccl that 
thosc atmospheric linC's mask the solar linrs. Thi: i:, 
quitc possible and for thi:-: rcason thry arc retainccl in 
the list. 
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