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This report contains a set of vibrationally identified spectrograms of the Blue- 
Green ( A  ?-X %) system of -410. .4 compilation of all the available molecular 
data on the states involved, a brief description of the appearance, occurrence and 
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IIuring the past decade, spectroscopic methods 
and techniques have been increasingly employed 
for ‘i varietj. of research purposes in manjr 
branches of phj-sics, chemistry, aeronomy and 
astronomy, and a need for a wor1;ing knowl- 
edge of spectroscopic methods has been felt bj. 
man\. whose main field of research is not spectros- 
cop!. per se. 

Positive identification of spectroscopic fea- 
tures is the first and most coiiinion requirement 
in any application of spectroscopJ- to research, 
whatever its orientation. \Z-avelength lists of 
man\. atomic lines and some molecular bands are 
of course available and well known. \Vavelength 
coincidence alone, however, is not always suf- 
licient for positive identifications and photo- 
graphic atlases for direct comparison with 
experimental spectra are alwa! s extreniel! 
useful. 

Such atlases are neither common nor conipre- 
hensive. ‘The purpose of the present series of 
reports is thus to provide photographs (at two 
or three comnionly used dispersions) of inipor- 
tant band sjstems, to each set of which vibra- 
tional numbering and a wavelength scale have 
been added for direct comparisons with experi- 
mental spectra for whicli identifications are 
sought. The reciprocal dispersions most coni- 
monly used in the reports are: high (-150 
L&/nim), niedium (-15 .4/mm) and low ( - 5  
L \ / ~ m n i ) .  In addition to the identified photo- 
graphs each report includes brief comnients on 
the character of the spectrum, its common 
conditions of occurrence and excitation, some 
historical background of the relevant research, 
a bibliographj of papers which have been found 
iiiost valuable i n  the compilation of the atlas, 
and ii tabulation of essential molecular data. 
Emphasis is placed on vibrational rather than 
on rotational structure as it is with vibrational 
structure of band systems that the first problems 
of identification usualll- arise in practice. 

The most valuable single aid to identification 
of molecular spectra is of course, Pearse and 
Gaydon’s indispensable work “The Identification 
of llolecular Spectra” (1941, 19.50, 1963). The  
tables in this are arranged with the practical 
spectroscopist in mind, and the photographic 
reproductions of a number of common and 
important molecular spectra are particularly use- 

ful. The coniparable work “ I  )onilks Spectro- 
scopiques” edited bj- Rosen (19.51) presents the 
wavelengths of niany band systems in  Iles- 
landres tables, essential molecular constants and 
a very complete bibliographj- (LIP to 1950). ‘TWO 
significant compilations of molecular spectra 
which are important in  astronomical and aero- 
nomic;il applications have recently been pub- 
lished by Wallace (1962a, b) .  He has the user 
very much in mind and gives ver!. useful 
bibliographies. 

I’liillips and his colleagues a t  Herkelel- (1W3) 
are tna1;ing distinguished contributions to the 
detailed compilation of rotational structure (to 
high quantum numbers) of band s).stems impor- 
tant in astronomj-. Bass and Broida (19.53, 1961) 
have produced valuable spectrophotometric at- 
lases of O H  and CH i n  which the rotational 
structure is clearly identified. Ilielce and his 
colleagues (1959, 1962) have done a similar ser- 
vice to N2 and OH band systems. Herman and 
Hornbeclc (1951) published an article some j w r s  
ago in  which vibrational identifications were 
made of man!. of the spectra commonly met in  
cmmhustion spectroscopy. 

\Thile the present series of reports is not ;is 
amhitious as some of the above works, it is 
hoped that it will fill a gap which niany have 
felt existed i n  the reference literature of molecular 
spec troscopj,. 

12. M‘. !YICHOI,I,S, Editor. 
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I‘he blue-green s).stem of aluminium oxide lies 
in the wavelength range 5700-4200X. 100 red 
degraded bands in the sequences -4  < Av < (i 
;ire known. Their wavenumbers are displaj,ed in 
;L Ileslandres array in ‘I‘ablc 11. The most coni- 
inonly observed bands occur in the sequences for 
which -2 < &I < 3 and for the vibrational 
clwiiita 0 < 11’ < 10 and 0 < v” < 9. However 
in  the (0, 0) sequence 1 1 0  bands are normall>. 
observed bej.ond ( : 3 ,  3 ) .  ‘i‘hc most proniiiient 
Ixintl  hc;ids arc: 

.\pproxinia te 
lie1 a t’  IVC 

I3and \\F;lvelengt h (A) Intensit\- 
1,o 1648.1 2 
0, 0 4842.2 10 
0, 1 .507!). 4 1 

‘I’hc s )  steni arises froni the transitioii 
. I  ?8-X % (grouiid state) as shown in Figure 1 
which relates this transition to the other knoiv i i  

cm-‘ 

40000- - _ - -  -.? 

35000- 

---- -.? 
Three very uncertain 
levels reported by 

30000 

25000- Coheur and Rosen 
(1941) 

- 

I5000 

10000 - System 

- 

Blue Green 

Ultra Violet 
5000 - System 

0 1 1 

Qround State X2E+ 

Fia.1 Enerav levels and band svstems of A I 0  

.AI() tr;insitioiis. i ‘ndcr iiioderatc resolution e;ic.h 
h n d  appears to consist of one P t,ranch and 
one /i branch. ’i‘he origin of each band is never 
conipletel>. clear. I’nder higher resolution each 

S ICHOLLS 

consist of two strong components; the doublet 
nature of the transition is thus clearly indicated. 
Weak lines belonging to the satellite “Q and ‘Q 
branches have not yet been observed (a full 
discussion of the rotational structure of a ‘8-% 
transition is given in Herzberg 1950, page 2-17), 

I<lein-I>unham, or realistic, potentials for the 
-1 ‘Z arid X ‘8 energ\- states are shown in 
Figure 2 .  

1 20000 

F 1g2 _Klein-Dunham Potentials 
@r AI@ 

2 .  OCCI . l i  l i  E s c E 

’I‘hc blue-green s!.steiii of XI(_) is ver!. readil\, 
observed Imth in emission and absorption. 1 Ian\- 
different t)yes of spectroscopic source excite the 
sJ-stein in the cniission. Examples of commoiil\~ 
used sotirccs are (1) mi cnvelope of ;in arc running 
I)et\veeii ;duniiiiiuin electrodes in air or oxj.geii 
(King 1!)2.5, Lagerqvist, Nilsson ai id  Barrow 
l!M, 1!)57, Shiniauchi, 1!)58), ( 2 )  exploding 
:duminiiiiii \vires in  a 1 1  oxidizing atmosphere 



shock excited AzOa  or A1 + 0 2 .  Thermal excita- 
tion in a shock tube provides a spectrum par- 
ticularly free of atomic lines (Nicholls, I'arkinson 
and Reeves 1963). 

Other laboratory sources which have been used 
to  excite this system include a carbon arc con- 
taining aluminium compounds (Tawde and Tri- 
vedi 1939) and a high current hollow cathode 
containing pellets of an A I - A I 2 0 : i  mixture 
((;oodlett and Innes 19.59). 

The system is also of astrophysical importance 
a s  a contribution to the spectra of some stellar 
atmospheres (Davis 19-17). I t  also plays a role i n  
contemporary aeronomical research as a con- 
tributor to the emission spectrum of the lumi- 
noiis trails resulting from seeding the high 
atmosphere with aluminium containing corn- 
pounds in rocket experiments (Armstrong 1963, 
Authier ct nl. 1963). 

~ 

3. H IS'I'OIII C A I d  SI- I<\.EY 

The intense blue-green system of A10 has 
been known for inany years. I t  was first ob- 
served by Thalen in 1866. .\[any lines of the 
system were measured by Hasselberg in 1891 
and further work was done in 1903 11). Lauwartz. 
The vibrational analysis of the system wa5 
achieved independently by Birge and by llecke 
in 192.5 and in the same year lIulliken (1925) 
proved conclusively that A10 was the emitter 
responsible for the system. llecke based his  
analysis on the measurements of llorkofer 
(192.5) and this reference is also said to contain 
a good review of the work on the sJ7steni prior 
to 1925. I t  is however rather difficult to obtain. 
Bodson and Dehalu (1937) reported observing 
tail bands in the Av = 0 and 2 sequences and in 
1939 Roy made precise measurements of a large 
number of band heads including inany new ones. 
The most complete vibrational analysis pub- 
lished is that of Shiniauchi (19%) who has ex- 
tended the observed levels to v = 12 for the 
X 2 state and *J = 16 for the -4 *.Z state. She 
considered that  the v = 9 level of the X ' Z  
state is raised about 10 cn-l by a perturbation. 
More recently B k a r t  and Alahieu (1963) have 
reported some 12 new bands. 

The correct rotational analysis of the system 
was accomplished by Pomeroy who, in 1927, 
analysed the (1, 0), (0, 0), (0, 1) bands. He also 
corrected the earlier analysis of Eriksson and 

. 

' 

I-Iulth@n (1925). Sen (1!937) and Ilehalu (1x37) 
extended the rotational analysis further. 

1)ehalu (1937), Coheur-Dehalu (1941), and 
Rosen (1944, 1915, 19-16) have reported various 
perturbations and predissociations in both states 
basing their observations on intensity anomalies 
in niicrophotometer traces of the rotational 
structure of some bands. I-Iowever Lagerqvist, 
Nilsson and Barrow (1956, 1957) have shown by 
reanalysing some bands and extending the analy- 
sis to the (1, 3), (2, 4) and (3, 5) bands that these 
anomalies are an instrumental effect and do not 
represent either perturbations or predissocia- 
tions. Some values for the spin doubling constant 
are given by Lagerqvist, Nilsson and Barrow 
(19.3). 

4. MOLECCLAK 1)XI'X 

The fundamental constants of the X '2  and 
..1 2 states of A10 are displayed in 'Table I .  

'I'AR1.E I 
Constants of the X '2 and A 'Z states of AI0 

~. - 

~ - 4  = 10.0452 
X 'Z T ,  = 0 cn- '  

we = !)79.23 cn-l  
w C s E  = 6 .97  cn- '  
B ,  = 0.64136 - 0.0058" (V + i)  cI11-l 
U ,  = [1.08 + 0.02 (U + I)] X 1 0 F  ('111- 

T ,  = 20688.95 ~ 1 1 1 - I  

we = 870.05 cn-I 

Y ,  = 1.6176 A 
:l '2: 

D ,  = 1.16 X cn-I 
r e  = 1.6668 A 

- ~- - - - - ~  

(1) Nomenclatureas used by Herzberg (1!950). 
(2) These constants, taken from the work of 

1-agerqvist, Nilssonand Barrow (1957) are based 
on band origin measurements. 

(3) The dissociation energy D ,  of the X state 
is 5.0 f 0 . 2  ev (Drowart et al. 1960) from mass 
spectroscopic measurements. N o  reliable data 
appears to be available from spectroscopic 
methods. 

(4) The ionization potential is 9.5 f 0.5 ev 
(also based on mass spectroscopic data. Dro- 
wart et al. 1960). 

The band head wavelengths (in air) and the 
band head wave numbers (in vaciio) are dis- 
played in a Deslandres array in  Table 11. 'The 
wave numbers of the band heads are best repre- 
sented by the formula 
v = 20699.25 + 870.0 (v' + 3) - 3.80 (a' + 3)' 

- 978.2 (v" + 3) + 7.12 (v" + 3)' 
Wavenumbers (in vacuum) of band origins 

observed by Lagerqvist, Nilsson and Barrow 
(1957) are displayed in Table 111. 
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8 27807.2 
9 28610.0 

$02. R 
794. :< 

10 29404.3 790.0 

G W G  . 0 864. 5 
7801. I 859. :3 
8660. 4 826. !) 
!)187. 3 822. 7 

11 301 94 . 3  783.1 10:310.0 803. !) 
12 :30077.4 774. 7 1 I 1 I:{, !I 
13 31 752.1 765.3 
14 :<251 7 , 4  

750.2 15 

l h c  ligures in brackets represent energy intervals calculated froiii the band origin data of 
~ ~ - ~ ~ - ~~~ ~~ - ~ ~- - 

I.;igerclvist, Silsson aiid Rarro\v (1957). 

' l&\BLE Y 
I-raiicl;-Coiitlon Factors 

'I..\Bl,E \-I  
1-centroids (.\I 

0 1.046 1 ,727 1 , s1:3 1 ,037 2.215 
1 1.574 1.657 1 . 73!)  I .8"(i 1 ,957 2.2C)5 
2 1.505 1 ,580 1 , OS!) 1.552 1 .8:39 1 . 970 2.411 
:i 1 .a!; I .51! 1.586 I ,685 1 ,705 1.852 2 ,  00:3 
4 1 . ?20 1 ,-mi 1.517 1 .<59l I .713 1 , ii!) i .86ii 
3 1 . :IS(i 1 .443 1.522 I ,596 I . 704 
ti 1 . :Mi 1 .44!) 1,527 1 ,600 
I 1 .:E4 1.454 I ,5:3 I 

Data from Sicholls (unpublished 1vot-k). 
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6. SPECTI<.\ 

Description oj' the Plates 
I'late I shows the appearance of the system 

under low dispersion. The spectrograni was taken 
on a Hilger f4 small glass prism spectrograph 
with a reciprocal dispersion of approximatel> 80 
A%/nini a t  5000 -4. The source was ;I IIach 5.5 
shock wave driven with h>,drogen into argon 
containing oxygen and ;I finely divided 
sample of aluminium. Band sequences and ;I 

wavelength scale are indicated. 

Plate I1 sho\vs the appearance of the system 
under moderate dispersion. 'I'he spectrogram was 
taken on ;I Hausch and Lomb l..j-metre grating 
spectrograph with a reciprocal dispersion of ap- 
proximately 15 /mm. The source was the s m i c  
as that used for I'late I .  The vibrational quan- 
tum numbers of the bands and ;I wavelength scale 
are i nclicnted. 

Plate I I I shows the appearance of the system 
under high dispersion. The spectrogram was taken 
on a 3-metre (Eagle IIounted) grating spectro- 
graph with a reciprocal dispersion of approxi- 
matel?- 5 'nini. 'The source was a high voltage 
-4.C. arc run between aluminium electrodes in an 
atmosphere of oxygen at a pressure of + an 
atmosphere. The vibrational quantum numbers 
and band head \I-avelengths are indicated. 

L 
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