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ABSTRACT. Tlie band .spectrum of pliospborns, n.s excited in a discharge tube, has been 
photographed with B Hilger large cpiartz; Liltrow spedrograph and the bands {9,21), (s,ail, 
(5,18) and (4,18) have been mea.sured. The analysis of their rotational .structure has led to 
the following values of the constants (in cms. '*).

B'4=o,2346 B"i8=o.3799
B'B-0.2323 B"2i=o,a736
89=0.2255

The constant for u'=9 agree.s with that obtained by Herzberg and also by A.shlcy, the 
others being newly obtained. The absence of any perturbations in the rrotatioual structure 
of the bauds (5,21) and (5,18) has shown that the perturbations pointed out by Ilerzbcrg must 
be only vibrational.

17

I N T R O D U C T I O N

While the band spectrum of nitrogen has been very extensively studied, 

investigations on that of phosphorus are comparatively few. The Pa molecule 

is well known to emit an extensive and typical band spectrum ranging from 

A 3500 down to the very extreme ultraviolet till about A1900. The lower region 

of emission does not appear to have been adequately investigated. Apart from 

the very early work, the more recent and important investigations on this band 

spectrum consist chiefly of those of Jakowlewa (1931), Herzberg (1932), Ashley 

(1933) and Jenkins (1935). Jakowlewa was the first to suggest the vibrational 

analysis of the spectrum. Herzberg confirmed and extended the vibrational 

analysis. He also reported the rotational structure of the bands with the 

initial levels u '= 8 , 9, 10, i i .  The most important points in the w'ork of 

Herzberg, however, were the detection of perturbation in the vibrational 

levels 2 and 5 and of the phenomenon of predissociation exhibited by the Pa 

molecule.

Herzberg plotted the difference between the observed and the calculated 

v(u',o) values against the vibrational quantum number v' and found the differences 

at v ' = 2  and 5 to be abnormal, and beyond what might be accounted for as 

possible errors of measurement. So he concluded that the vibrational levels 

v ' =  2 and s are strongly perturbed.

Ashley redetermined the rotational structure of the (8,37}, (8,28), and (9,28) 

bands previously analysed by Herzberg and in addition, she made the fine
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structure analysis of the (6,22) and (6,23) bands lying further towards the 
ultraviolet. The bands were photographed in the second order of a 21-foot 

concave grating, a more accurate evaluation of the rotational constants being 

thereby obtained. The chief aim of her work was the estimation of the alterna­
tion ratio of the intensities of the rotational lines in the spectrum. A  more 
direct method of determining this ratio was attempted later by Jenkins. The 
ratio arrived at was 3 : 1  within limits of experimental error in the case of (6,22), 
(g,28), (g,2o) and (10 ,31) bands, while in the (5,21) band Jenkins got the ratio to 

be between 3.4 to 3 . 5 : 1 .  This larger ratio which is theoretically inadmissable 
was interpreted by him as due to strong perturbations in the band (5,21) or to 
another fainter band that may perhaps lie underneath this.

If the anomalous value is due to a strong perturbation it would be expected 
that similar anomalies might occur in other bands involving the vibrational 
level v '= 5  which is reported by Herzberg to exhibit strong perturbations.

It IS therefore found desirable to examine the rotational structure and 
determine the alternating intensity ratio in the case of bands having this perturb­
ed vibrational level. The present part deals with the fine structure analysis 
of the (0,21), (5,21), (5,18) and (4,18) bands. Two of these have 5. The 
above four bands have been selected for study, as they are free from overlapping 

by other bauds and, as such, are suitable for analysis even under the compara­
tively low dispersion used. The results of the determination of the intensities 

of the rotational lines and of the alternation ratio will be reported in a succeeding 
part.

U X  P K R I  M E  N T A h

The phosphorus bauds have been excited in an ordinary H-shaped discharge 
tube of the type used by Sastry (1941). Preliminary trials with tubes of 
different bore liave shown that the bands could be excited conveniently in a 

tube with the central portion having a bore of about 2 nun. The container 

was filled with red pho.sphorus and the electrodes were aluminium rods. An 
uncoudeused discharge from a 1/4 kilo-watt transformer was passed. It was 
found essential to heat the container frequently in order to get the spectrum 
free from nitrogen and other impurity bands. Overheating of the tube, however, 
had to be avoided as in such a case the discharge ceased to pass. The tube was 

continuously evacuated with a H yvac pump which was protected from the 
phosphorus vapour by a series of absorbing towers containing potassium 
hydroxide, calcium chloride and i^;e-cooled buffers. Care was taken to see that 
phosphorus did not deposit itself on the quartz window by cooling the wider 
portion of the tube behind the window.

The instrument used for photographing the spectrum was the Hilger large 

quartz L,ittrow spectrograph of type E l,  with a dispersion of 3 .5  A .U . per mm. 
in the region investigated. W ith a very narrow slit width, exposures of about 

30-40 minutes gave good photographs show.ing >veAl-defined rotational structure.
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R 0  T A T T O N A L 5̂ T R U C X U R K

The phosphorus bawds due to the 1\> molecule possess a simple rotational 
structure, the electronic transition involved being Tl;ie predicted
branches in a band are only a single V and a single R, the Q branch being
forbidden. The fact that only the strong lines of the P branch need be assumed 
to be in coincidence with the strong lines of the R branch and similarly for the 
weak lines was of valuable hel]) in deriving the analysis. The stronger lines 
arc assigned odd values of J . In'J'ables 1 to IV the structure of the bands as 
divided into the R and P brandies is given. These tables also contain combina­
tion differences. It is seen that the valms of AyP' agree for the (g,2i) band 
and the (0,2̂ )̂ (ci, Ashley) justifying the assignment of a common initial vibra­
tional level. vSiniilarly, the agreement of values in the case of (4,18) and
(5,18) hands confirms that the bands have a common final level. A difficulty is 
experienced during the analysis of the ^5,21) band. At the tail end of the band, 
the assignment could be arrived at easily. Hut when the classification was 
extended towards the head uf the Imnd (beyond v 33,956.0) the differences were 
found to be out of step. This at fir.st suggested the existence of strong perturba­
tions in this region- But, the analysis arrived at for the band involving
the level e' =  5 extends very far towards the head of the band and does not show 
the definite existence of any i)erturbati<m. It is, therefore, considered that the 
difficulty in extending the analysis of Hie (5,21) band is due to the probable 
overlapping of a fainter band occurring just in this region. That tin's is i)lausible, 
is obvious from the photograiih of the band also- Just after v 33,056,9 there 
is seen in tlie picture a distinct clumge in the si'cctiiiin suggestive of an over­
lapping.

P\)r deteniiining the rotational constants the following fonnnla for the second 
differences is used icf. Jevon’s Report on Band Spectra) ;

4B»,(J 4* i) + 8 D „ ( J ’i)'^

The value of was at first estimated from the usual relation D,, 4l i / in

which was taken from the equation given by Herzberg and an approximate 
preliminary value was adopted for Then the term 8D „(J4 ^)" was sub­
tracted algebraically from the corresponding A2F/( j 4 i ) -  The resulting value 
of 4B„ obtained for different J  values were then averaged. The absolute values 
of the combination differences were plotted against J in order to check the 
absolute numbering of the rotational quantum number. Only those points lying 
on the curve were taken for evaluating the constants. The procedure for the 
upper state as well as the lower was the same. Values of and o. are also 
calculated. The resulting constants are given in the following table which 
contains also those due to Herzberg and Ashley for comparison :

B 0.2736

y/ =  i8

0.2799
V'

0.2255
v ' —5

0.2323 0.2336
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Author Hrrzberg Ashley

Ba' .. . 0.3420 0 .2/1197 0.2415

a ... 0 0017 0.0017 0.00164

It." 0.3187 <̂-314̂ 4 0.3057

of* ... 0.0021 0 001 q 0.00165

S U M M A R Y

The rotational structure of four bands, two of which involve the initial 
vibrational level 5, has been examined. The structure does not reveal any 
rotational perturbations and it is concluded that the j)erturbations shown by 
Herzberg must be only vibrational. The constants for v ' = 4, 5 and v " = i P , ,  21 
are' newly obtained.

The author is indebted to iJr. K. R. Rao for his advice and guidance in the 
course of these investigations.
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