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Franck-Condon factor ar rays have bccn computed numeri cally to high vibrat ional 
quantum numbers for the r ed (A2II;-X 21;+) a nd v iolet (B21;+ -::'(21;+) band systems of CN. 

1. Introduction 

The CN molecule is a significant eontributor to 
the spectra of comets and stellar atmosph eres . It 
also phLyS an important r ole in many aspects of com
bustion spectroscopy. The red and violet band 
systems are its t wo most importan t elecLronic tnmsi
t ions. D efinitive vibrational assignm ents and mo
lecular constan ts exist fOl" t l1 em [Douglas ftnd ROLlt l.\' 
19 54]. In tensity measurements have been mfl.cie on 
both systems and in terpreted in terms of elecLronic 
transition moment variaLion across t hem and of 
smoo thed band strengt hs [Ornstein rtHd Brinkman n 
1931; Nicholls 1956; Dixon Hnci N icholls 1958; Fe rg u
son 1963]. Francl(-Condon factor arrays are neces
sary prLrameters for thcse studies . The purpose of 
this paper is to supplemen L t he lim iLed and ap proxi
mate arrays of Franck-Condon factors previoLlsl.\
available [or t he s~Tste.ms [Fr aser , J 'Lrmain, itnd 
Nicholls 1954; Nicholls, Fraser , and Jar-main 1959]. 

In previous papers of t h is series, Lhe straightfor
ward numerical method of compuLtttion for .Morse 
molecules to Jliglt v ibrational quantum numbers ll rwc 
been described. [Nicholls 1960, 196 1] The metho(l 
luts since been used on a number of important b'Lnci 
systcms and excitation trans it ions (Nicholls 1962a, 
b, c, d) . 

The computations were performed upon t he IBM 
7090 computer of the N ationlLl Bureau of S tauchtrds 
usin g a program wri tten by Miss R. Zucker of t he 
Computation Laboratory. 

2. Basic Data 

The input data for the program are We, w/f e, 

1'., ).LA and VlDax for both states of the transition 
involved. These data were obtained from the work 
of D ouglas and Routly and are listed in table l. 

TABLE l. Basic data 

State WI! (em-I) W eXII T.(A ) ~A VIIl II X 

(em-I) 

X2~+ 2068.6H 13. 114 1.17198 6.46427 18 
,'l ' lI i 1812. 33 12.6 l 1. 2296 6.46427 19 
B'J~+ 2163.9 20. 2 1.1493 6.46427 19 
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3 . Results 

The Franck-Condon factor arrays for the CN 
red and violet systems are displayed in tables 2 and 
3. Franck-Co ndon factor s urfaces of these arrays 
are shown in fLgures 1 and 2. The strongly devel
oped Condon loci are clearly evident in both cases. 
The CN 0 violet s.\'stem, having a very small fJ. r e 

(~0 . 02 A), exhibits an al most diago nal prim ary 
Co ndon locus wi th so me indications of subsidiary 
loci at high v', v" . Th e CNo red s.\'sLelll havi ng 'a 
somewhat larger fJ. /' e (~0.05 A) exhibiLs more sub
sidiar.\T loci at lower v', V". In the Lables, the power 
of" 10 b.\- which Lhe entr\T is to be lllulLiplied is indi
cated b.\e t he negative nUlllber at the end of each 
entry. Tbe posi tion of Lhe eN" "Lail" bands of t he 
violet s.\"ste nL at Lhe large vnlues of v' , '1) " is clearly 
see ll on Lhe primary loc us. The d~LL1L for Lhe CN 
red s.vstelll agrees well with Lhat of Wyller [195R] 
calculated Oll the basis of a Hulbur L-Hisc hfelder 
potential. 

4. Discussion 

While Lhe M orse model of molecular potenLial is 
admi ttedly rtll empirical expecl ien t, the work or 
Jarmain [1963] on realisLic E:.lein-Dunbam potentials 
[or the X2~+, .fFrr and B2~+ sLates or CN shows 
that the departure frolll Morse poten tials is small 
and thus that the tables 2 and 3 are probably 
acceptable. These Franck-Condon factors for the 
CN violet s~rstem have been used in conjunction 
with the lifetim e measurements of Bennett and 
D alby [1960], to determine absolu te band str engths 
for impor tant bands of t he syste m [Nicholls 1964]. 
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FIGURE 1. F ranck-Condon facto?' swj'ace f or the CN red 
system. 

092 qvlvil 
090 
088 
0-88 
084 
0,82 
0 ,80 
078 
0 ,76 
074 
0 ,72 
0 -70 
068 
0 -68 
0'84 
082 
060 
0 58 
056 
0,54 
0,52 
050 
0 048 
0-46 
0 44 
0 -42 
0040 
038 
036 
034 
0'32 
0 30 
028 
0-26 
024 
022 
0,20 
0-18 
018 
0 -14 
012 
0 '10 
008 
006 
0 '04 
0 ,02 

0 1 
23 

45 
6 7 

8 9 
1011 

V" 1213 
14 15 

6 1718 

F l GURE 2. Franck-Condon factor surface f or the CN vi olet 
system. 

5. References 

Benn ett, R . G., and Dalby, F_ W. (1960), J. Chem. Phys. 32, 
1716. 

Dixon , R. N_ , and Nicholls, R. W. (1958), Can . J. Phys. 36, 
127. 

Douglas, A, E ., a nd R outty, p, M. (1954), Ast rophys. J . 
S upp . 1, 295. 

F erguson, H . I , S. (1963) , pri vate communication , 
Fraser, P. A., J ilrm ain, W. R ., and Nicholls, R. W. (1954), 

Astroph,vs, J . 119, 286. 
Ornstein , L, S., and Brinkman, H . (1931), Proc. Roy. Acad. 

Amsterda m 34, 33. 

76 

J a rmain, W . R. (1963), private commu nication , 
Ni cholls, R. W . (1956), Proc . Phys. Soc. A69, 741; (1960) 

Can. J . Phys. 38, 1705; (196 1) J, Res. NBS 65A (Phys. 
an d Chern.) No. 5, 451; (1962a) J. Res. NBS 66A (Phys. 
and Chem.) No.3, 227; (1962b) Can , J. Phys. 40, 523; 
(1962c) J. Quant. Speck Rad. Transfer 2, 433; (1962d) 
Can . J , Phys. 40, 1772; (1964) J . Quan t , Spcctr. Radiative 
T ransfer (AGARDograph) (in press), 

Nicholls, R. W. , Fraser, P. A., and J armain , W. R . (1959), 
Combustion and F lame 3, 13, 

Wylier, A. (1958) , Astrophys. J . 127,763, 



10 

II 

12 

17 

l K 

T AU lo1'] 2. F'mnck-Condon facto rs to high vibrational qtwntwn numbers for the eN red (A2H , - X2~+ ) system 
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TABLE 3. Fmnck-Condon factors 10 high vibrational quantwn numbers for the eN violet (B2~+ - X2~+) systeln 

~ v' 0 2 3 8 10 

0 9.0861-1 8. 3968- 2 6.9510-3 4.4870- 4 1. 9898-5 2.7721-7 2.6248-8 2.7813-8 8.2117-9 1. 5780-9 2.2678- 10 
1 8.9808- 2 • 7.5682-1 1. 3500-1 1. 6790-2 1. 4376-3 8. 0435-5 1.45<15-6 1. 0223- 7 1. 6193-7 5.5089-8 1. 1974-8 
2 1. 5782- 3 1. 5573- 1 . 6.4884-1 1. 6365-1 2.7137-2 2.8727- 3 1. 9375-4 4.3320-6 3.1869-7 5.3235-7 2.0531- 7 
3 7.8971-6 3.4362-3 2.0419-1 . 0.7392-1 1. 7684-1 . 3. 6660- 2 4.5823- 3 3. 6058-4 9.5981-6 6.4470-7 1. 3028- 6 
4 8.6112- 7 5. 1410-5 4.7889-3 2.3950-1 • 5.2453-1 1. 7943-1 4.4743- 2 6. 3791- 3 5.7143-4 1. 75<12-5 1. 1125-6 
5 1.1289-8 3.1220-6 1. 8005-4 5.2344- 3 2.6442- 1 . 4.9543-1 1. 7463-1 5.1190-2 8.0938-3 8.0971- 4 2.7893-5 
6 7.2137- 10 1. 0935-7 5.9244-6 4.5690-4 4.6839-3 2.8050-1 • 4·8301-1 1. 6450-1 5.6067-2 9.5892-3 1. 0555-3 • 7 1. 0162-10 2.5942.9 5.2139-7 6.9330-6 9. 4200-4 3.3282-3 2.8863-1 4·8479-1 1. 5062-1 5.9592-2 1. 0764-2 • 8 2. 2048-12 9.0199-10 3.0495-9 1. 6673-6 4.1392-6 1. 6681- 3 1. 6228-3 2.8874-1 4·9903-1 1. 3378-1 6.2069-2 • 9 2.1117- 14 3.7404-11 4.0681-9 4.9483-11 4.0189-6 9.1838-8 2.6132-3 2.7050-4 2.8060. 1 5.2430-1 1. 1470-1 • 10 5.8414-15 6.9530-13 3.0099-10 1. 2044-8 1. 8070-8 7.6693-6 8.2223-6 3.6759-3 1. 8061-4 2.6377-1 5.5916-1 

11 4.2818-15 9.1614-14 9.2904-12 1. 5548-9 2.5284-8 1. 6872-7 1. 1692-5 5.9422-5 4. 6645-3 2. 3775-3 2. 3801-1 
12 2.0230-15 5.1900-14 6.5811-13 7.8321-11 5.8540-9 3.6926-8 7.2502-7 1. 3761-5 2.0500-4 5.3129-3 7.8393- 3 
13 8. 5878-16 1. 6294-14 3. 1528- 13 4. 8529-12 4.5861-10 1. 7078-8 3. 1707-8 2.1227- 6 1.1015-5 5.1087-4 5.3388-3 
14 1. 9348-16 3.8730-15 1. 5327-13 1. 4107-12 3.1444- 11 2.0513- 9 3.9504-8 5.6758-9 4. 7351-6 3.4980-6 1. 0360-3 
15 6.4240-18 1. 5<102-15 4.9657- 14 7. 1185-13 6.2102-12 1. 7368-10 7. 2984- 9 7.2291-8 2.5977-8 8.3072-6 1. 0570-6 
16 1. 0932-16 I. 2919-1.5 1. 2348-14 3.0699-13 2.8671- 12 2.6234- 11 8. 1219-10 2. 1200-8 1. 0035-7 3.2093-7 1.1244-5 
17 4. 2234-17 7.5678- 16 4.0075-15 1. J304-13 1. 3270-12 1. 0021- 11 1. 1181- 10 3.1849-9 5.0934-8 9.2597-8 1. 3090-6 
18 7.6380-18 1.1930-1(\ 2.7265- 15 3.9050-14 5.4181- 13 4.9560-12 3.2952- 11 4.6224-10 1. 0564-8 1. 0035-7 3.3415-8 
19 1. 4913-16 1. 2611-17 2.3185-15 1. 4397-14 2.1573- 13 2.2311- 12 1. 5698-11 1.1152-10 1. 7574- 9 2.9753-8 1. 5760-7 

~ v' 11 12 13 14 15 16 17 18 
~ 

2.3708-11 1. 3796- 12 1. 8967- 15 3.5222-14 2.3863- 14 6.3210- 15 9. 6737- 16 3.9930-16 
1. 9354- 9 2.2979- 10 1. 6432-11 1. 6721-13 2.3230-13 2.6470-13 1. 251;5-13 3.9558-14 

2 4. 9872-8 8.9924-9 1. 2024-9 1. 0079-JO 1. 8714-12 9.4542-13 1. 4015-12 7.7329-13 
3 5.6173- 7 1. 5070-7 2.9989-8 4.4674- 9 4.3417-10 1. 2589-11 2. 6695-12 5.6301- 12 
4 2.6449-6 1. 2589-6 3.6981-7 8.0445-8 1. 3197-8 1. 4568- 9 5.9360-11 4.890J- 12 
5 1. 7379- 6 4. 7150-6 2.4485-6 7.8033.7 1. 8425-7 3.3041-8 4. 0870-9 2.1537- 10 
6 0.9798- 5 2.5507- 6 7.6,392-6 4.2813- 6 1. 4680-6 3.7360-7 7. 2716-8 9.9852- 9 
7 1. 2888- 3 5. 1942-5 3.6035-6 1. 1507-5 6.8882-6 2.5250-6 6.8800-7 1.4420-7 
8 1. 1547- 2 1. 4927- 3 0-2763-5 4.9771- 6 1. 6372-5 1. 0365-5 4.0320-6 1. 1702- 6 
9 6.3851- 2 1. 1897- 2 1. 6550- 3 7.0697-5 6.7820-6 2.2257-5 1. 4766-5 6.0589-6 

10 9. 4241- 2 6.5324-2 1. 1789-2 1. 7698- 3 7.4419-5 9.1587-6 2.9156-5 2.0092-5 • 11 6.0182-1 7.3017-2 6.6901- 2 1. 1219- 2 1. 8378- 3 7. 3035-5 1. 2267-5 3.7042- 5 • 12 2.0364-1 6·4973-1 5.2081- 2 6.9023- 2 1. 0193- 2 1.8665-3 6. 6211.5 1. 6264-5 • 13 1. 7251- 2 1. 6199-1 6. 9929-1 3.2712-2 7.2174-2 8.7397- 3 1. 8703- 3 5.4272-5 

• 14 4.5529-3 3.0684-2 1. 1585-1 7. 4561-1 1. 6465-2 7.6894- 2 6.9182-3 1. 8704-3 • 15 1. 7949-3 3.0119-3 4.7252- 2 6. 9762- 2 7. 8246- 1 5.0559-3 8. 3795-2 4.8435-3 • 16 3.2687-5 2.7084-3 1. 1808-3 6. 4849-2 3.0153- 2 8.0255-1 1. 0652- 4 9.3565-2 • 17 1. 0625-5 1. 5344-4 3.5662-3 3.0855-5 8.0129-2 4.8684-3 7.9831-1 2. 7309-3 • 18 3.3728-6 4.7289-6 4.3919-4 4.0374-3 9.6578- 4 8. 8941- 2 2.0586-3 7.6317-1 
19 9.2888-9 6.2080-6 1. 4683-7 9. 5701-4 3.7760-3 5.4660-3 8.7368-2 2.8251- 2 

(Paper 68Al-254) 
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