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INTRODUCTION 

IN pevious papers x "Emission Bands of Halogens~Parts I and II " which 
hereinafter will be caUed Papers I and I I  we have explained all the emission 
bands of iodine between 4800-2685 A including the famous continuum at 
3416 A, except three bands at 4747.2, 4662.1 and 4575-2 A. In this paper 
these bands will be explained. Further the ernission bands in the region 
2685-2400 A wiU be discussed. 

The three bands (Plate X) at 4747-2A ~21059cm.-1), 4662'1A 
(21dA.4 cm. -t) and 4575.2 A (21849cm_ 1) ate very broad and diffuse their 
overall width being about 332, 239 and 240 cm_ ~ respectively whereas the 
width ofal l  other bands in the region 4800-2685 A is of the order of 115 cm~ t 
The wavenumber separation between first and second bands and second 
and third bauds is 389 and 405 cm. -t  respectively. These differences being 
too big to be regarded as vibrational frequencies for Is, the hands cannot be 
explained as forming a single group arising in a single transition.* The 
bands may probably arise in transitions from a stable state to three different 
unstable states which wiU have appreciably steep potential energy curves. 
In a previous communication, s the P-R, K-M (Pringsheim Rosen--Kimura 
Miyanishi) bands •ave been explained as arising in a transition from the 
ground state of the I2 molecule to ah excited state cr~,, ~r), ~rz% oe-.t V~27+) 
at 44900 cm. -x which has a frequency of about 90cm. "-t Tbis state 1~, (-~Z'~+) 
is shown in the potential energy diagrzm (Fig. 1), In Paper I we have dis- 
eussed tire groups of diŸ241 bands which a¡  in the state %,, ~r,, ~, =~, o, , '0+ 

~, ~ 360 cm. -t Ir the above three bauds axr to be explained asa single group arising in the 
state 11~. ag, there should b�9 a repulsive st,ate with a ncarly flat potential energy curve at 
about (56000 - -  21059) = 34,941 cm. -1 As such a repulsive state is not theoreticaUy possi- 
ble, a n d a s  the mutual wavr number separation of  these bands, viz., 400 cm, -x is gre, ater 
than ~ of  the statr /'-/'2. xg, thr thrr bands caunot be cxplainr as a single group arising 
in / /2 ,  ~ statr 
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~27,,4), and which have five different unstable states for their final levels. 
Second, third and fourth of these tire groups, are explained asdue  to transi- 
tion from the stable state O~ (x2~~) at 51683 cm. "-x to the unstable states 
O +  (32:g-), le (3~.+) and 1~, ('/-/~.) which dissociate in ~P31~ + ~PI~~ iodine atoms 
at 20037 cm_ x All tkese three states, as shown in ttle potential energy 
diagram of Paper II  as well as in Fig. 1 of this paper, have appreciably steep 
potentiaI energy curves which run almost paraUel except at their meeting 
point, and ate separated from one another by about 400 cm_ 1 which is of 
the same order as the mutual wavenumber separation of the broad bar~ds 
we ate discussing. According to ,:election rules for case (c) type coupling 
transitions from the state 1,, (31~+) at 44900 c m :  1 to the three unstable states 
pointed above are allowed and these transitions wiU explain satisfactorily 
the three broad bands. The potential energy c m ,  es of the uv_stable states: 
being apprecial:ly steep, explain the broad and diffuse nature of the bands. 
The points on the three potential energy curves vertically below the stable 
state will be at (44900-21059) --- 23841, (44900-21444) = 23456 and 
(44900-21849) = 23051 cm." ~ The transitions for the three bands may be 
written as: 
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4747.2 A: %, ~r..', ~r?. %. 1,, (aZ '+) -> %,*, ~r,J, %2, eu~.Og+ (aZi)  
4662.1  A :  ,, �9 L ( 3 ~ + )  ~ %=, ,,,, ~~~ %~. l e  (~~:e-) 

4575.2 A: ,, "l~ (32:~+) -->%,~', rr~s, ~r~, %'le  (~He) 
Now we m m  to the bands below 2685 A. ID the region 2685 to 2400 A 

we have a number of  diffuse bands whose nature seems to be the same as 
those of the bands in the region 4800-2685 A, except that these bands are 
weaker and narrower than the others. The experimental details ate the 
same as those described in the previous papers. The wavelengths and 
wavenumbers of  the maxima of the bands betwr 2685-2448 A ate given 
in Table I. The intensity values correspond to the visually estimated values 

TABLI~ I 

AsEtgoe, Inuzaka 
Gloup Ain air  

2672.2 
2662 �9 1 

26i2.7 
2(~33" 2 
2625 �9 0 
2616.8 

i 2608 .5  

I I  [ 2592.7 
2584.0 

�9 2576.1 
t 2569.9 

2561-7 

I I I  

Intens[ty 

1 
2 
0.5 
2 
2 
0-5 
0.5 
1 

1 
1 
0.5 
0-5 
1 
0-5 
0.5 
l 
0-5 
0-5 

Present expefiments 

X~n air  VVac. 

2671.1 
2661.1 

2652.5 
2642.6 
2633.3 
2623.6 
2616-6 
2607.5 

Av 

37427 
37567 
37689 
37830 
37964 
38104 
38206 
3~339 

38549 
38682 
38810 
~8911 
39017 
39126 
39221 
39333 
39450 
39565 

122 
141 
13,t 
110 
102 
133 

128 
101 
106 
109 
95 

112 
117 

0-5 
1 
1 
? 
1 
0.5 
0.5 
? 
0-5 
0.5 
0-5 
0-5 

2593.3 
2584-4 
2575 "9 
2569.2 
2562.2 
2555.1 
2548.9 
2541 "6 
2534.1 
2526 �9 7 

2522 �9 7 
2516.0 
2508.6 
2501-4 
2494,1 
2487,2 
2481.0 
2474.1 
2~67.9 
2461.8 
2454.9 
2448 .8  

30628 
39734 
39851 
39966 
40083 
40194 
4O294 
40407 
40508 
40608 
4O723 
4O824 

115 

117 
115 
117 
111 
lOO 
113 
1Ol 
100 
115 
101 

for the baads ohtained oa a B-20 process K~dak pl~,te. 
E~tat A~tg~~ a l •  l laz~kt = hav~ reeord~4 previo~s!y 

A5 

Ir mRy b~ mentioned 
the maxtma of  the 
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bands only upto 2562 A. These values are also given in the table hesides 
the values obtained in the present experiments. The wavelengths of the 
bands below 2562 A are, however, being recorded here for the first time. 

The bands ate arranged into tbree groups by taking the wavent.:mber 
separation Lato eonsideration. They have ah average wavenumber sepa- 
ration of about 120cm_ x, among the composite bands. So they can be 
considered as arising in a common initial level with a frequency of about 
120r 1 and having three different unstable states for their final levels. 
We have three unstable states I~, (3A~),  2,, (3A2~) and 1~, (1H,,) which have 
nearly flat potential energy curves and which dissociate Lato zP~,~ + rPl~~. 
iodine atoms at 20037 cm. -1 (Paper II). These three states form final levels 
of three groups of bands between 3307 and 2918 A which arise in le (SH~e) 
state at 51528 c m -  1 and other three groups between 2903 and 2731 A arising 
in a state Hs.~: at 56000cm. -x Transitions from a stable state to these 
three unstable states wilI explain satisfactorily all the three groups of bands 
in Tzble I. The first bands of these three groups lŸ at 37427, 38549 and 
39628 cm. "1 Adding 20037 to each of these and taking the mean we arrive 
at 58572cm. -1 which, therefore, represents the approximate position of the 
initial level. The points on the three repulsive curves below the stal:le state, 
lie at (58572-37427)= 21145, (58572-38549)= 20023 and (58572-39628)= 
18944 cm. "z 

It may be mentioned that there are some bands which are very faint 
overlapping the t hird group. Probably these forro the extension of the 
bands o f  the seeond group. There are also some bands below 2448 A upto 
2370 A, Le., on the short wave side, which are also faLat. It appears that 
these ate the extensions of the ser and third group of bands, which come 
from higher vibrational level of the initial state, and which overlap in this 
region. It is also possible that somc of "these faint b~rds (2448-2370 A) 
may be due to the transitions [viz. From O,,+ (1Z',,+j at 51683 cm -i to le (:~H~e) 
dissociating iz:to two 2Pa~ j atoms and from 1~, (3H,g] at 51528 cm. -] to O*`- 
(3/70;), !,, (3H1,,) dissor into ~Pa~z atoms] whieh ate theoretically possib!e 

and which may be expected to gire bands in this regi~~n. 

Now we turn to final the electronic con¡ and electronic term of 
the stable state at 58572 cm. -'x The only two terms that can combine with 
aU the tbree temas 1,, (~A~,), 2,, ~3A~ u) and 1:, (1H~) are according to case (c) 
type coupling l r  and 2g. The state l~r may be eorrelated with XH e or aH~g and 
2 t may he eorrelated with SH~g where 1H e, ~'Hle and 3/'/~ e arise from the elec- 
tronir contiguration (r~,, ~r,', ~r~,~, %~. We have already attril~uted 1�91 (3H~e) 
[Le., the term 1~. is correlated with SH~, or case (a) type] to a state at 51528 cm-1 
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which has a frequency of about 220 cm. -x Thus the electronic term of the 
stable state at 58572 cm.% which we are now considering, wiU be either 
le  (1/-/~,) or 2~, (~/7~). But the state 2r (3/-/2 z) will be expected to lie below 
lz(3/-/lz) state, i.e., below 51528cm. "-1 So the state at 58572cm. - t  which 
has o ~ 120 cm. -~ wiU have probably the electronic tcrm 1�91 (V-le). We can 
now wrŸ the transitions for the three groups o f  bands as : 

I group:  %, rru', %a, %~.Ig(IH#) __.%2, %3, ~z~, %~'1. (SAl#). 
II  group : ,, . le (1Hg) ~ ag~, %3, lrg~, %~"2:~ (3A2u). 

I I I  group : ,, �9 1r (VI,) -:, c~2, %~, 7rt~, %" lu 017,,). 
The potential energy diagram given in Paper II, is also given in F;g. 1 

o f  this paper with the following addition : The eurve for the state 1: (~2~+) 
at 44900 cm. -x is drawn by using Morse equation with the use of  the con- 
stants oJ = 90 cm. - t ;  D = (59000--44900) = 14100 cm_  ~ In calculating 

r, value we use Badger's relation G =  \ ~ ]  + dii, where k, is force con- 

stant for  the state in megadynes per  cm., Ce/and dii are constants whose 
values for the iodine molecule are given by ((;/I.) 1ta = .49 and dii = 1.765. 
r, value obtained is 3.33.4,. Similarly r, for the state 1~" (x/-/e) at 58572 cm. -x 
is calculated as 3.02 A. The position of  this level is also marked in the 
figure. 

SUMMAt~Y 

The three broad bŸ at 4747-2, 4662-1 and 4575.2 A are explained 
as due to transitions f rom a single stable state 1,, (a~+) at 44900 cm. -~ to 
tkree unstable states O + (~2z), le (327e-) and 16, (1He) which dissociate into 
2P3~ z + ~Px~,. iodine atoms at 20037 c m _  x The bands in the region 2687 to 
2400 A forro three groups whieh are explaincd as arishag in a level le (XlIe) 
at 58572 cm. -~ and having for their  final level the three unstable states 
1~ (3Alu), 2 u (-~A~,,) and lu (1H,,) which dissociate hato 2Pa~ ~ + o-Plt 2 iodine 
atoms. The potential energy diagram for iodine mokcu le  is given. 

The author wishes to express bis sincere thanks to Prof. R. K. Asundi 
for guidance and to Kamalapat Singhania Trust for the award of a scholar- 
ship. 
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