
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 30 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597299

Rotational Analysis of the 383.8 nm Band of the GeBr Molecule
J. Borkowska-burneckaa; W. Zyrnickia; N. Badowskia

a Institute of Inorganic Chemistry and Metallurgy of Rare Elements, Technical University of Wrocław,
Wrocław, Poland

To cite this Article Borkowska-burnecka, J. , Zyrnicki, W. and Badowski, N.(1989) 'Rotational Analysis of the 383.8 nm
Band of the GeBr Molecule', Spectroscopy Letters, 22: 3, 307 — 314
To link to this Article: DOI: 10.1080/00387018908053879
URL: http://dx.doi.org/10.1080/00387018908053879

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1080/00387018908053879
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SPECTROSCOPY LETTERS, 2 2 ( 3 ) ,  3 0 7 - 3 1 4  (1989) 
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ABSTRACT 

The 383.8 nm band of the GeBr molecule, recorded 
at high resolution, has been rotationally analyzed. 
Rotational constants of the upper and lower states 
have been determined from lines of six, main isotopic 
molecules of GeBr. The band has been proposed to be 
assigned as the 42--X211 0-0 transition. 3/2 

I NTRODUCTI ON 
An emission spectrum of germanium monobromide was 

observed for the first time by Jevons et al.' Obser- 
ved bands, degraded to shorter wavelengths, have been 
attributed to the the B2X+ - X n transition. Several 2 
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o t h e r  s y s t e m s  were d i s c o v e r e d  l a t e r  a n d  a s s i g n e d  as 
d o u b l e t - d o u b l e t  t r a n s i t i o n s  , 2  Only v i b r a t i o n a l  cons -  

t a n t s  have  b e e n  d e t e r m i n e d  f o r  some e l e c t r o n i c  s ta tes  
of  t h e  GeBr  m o l e c u l e ,  but t h e s e  c o n s t a n t s ,  o b t a i n e d  

f rom measurements  of b a n d  h e a d s  a r e  o f  low a c c u r a c y .  

No r o t a t i o n a l  c o n s t a n t s  of  germanium monobromide h a v e  

been  r e p o r t e d .  
A s y s t e m  of  red-degraded b a n d s  l y i n g  i n  t h e  re- 

g i o n  360-420 nm w a s  s u g g e s t e d  t o  r e s u l t  f rom t r a n s i -  

t i o n  2A-X211 ( o r  211-X211) ,3 The b a n d s  c a n  be e a s i l y  

a t t r i b u t e d  t o  two s u b s y s t e m s  i n  which  t h e  most  i n t e n s e  

a n d  p rominen t  a r e  t h e  0-0 b a n d s  a t  383.8 a n d  3 6 8 . 9  nm. 

A c c o r d i n g  t o  o u r  s t u d y  o f  t h e  G e C l  a n d  SnCl spec- 
t r a  4-5 one  c o u l d  e x p e c t  t h a t  t h e  b a n d  s y s t e m  a t  360- 

420 nm a r i s e s  from t h e  4Z--X Il t r a n s i t i o n .  A h i g h  re- 

s o l u t i o n  s t u d y  of  t h e  b a n d s  a t  3 8 3 . 8  a n d  368.9 nm h a v e  

been  u n d e r t a k e n  by  u s  t o  e s t a b l i s h  t h e  n a t u r e  o f  t h e  
u p p e r  e l e c t r o n i c  s t a t e  a n d  t o  d e t e r m i n e  r o t a t i o n a l  

c o n s t a n t s  o f  t h e  lower  a n d  u p p e r  s t a t e s ,  i n c l u d i n g  

c o u p l i n g  c o n s t a n t s .  A s  a par t  o f  t h i s  s t u d y ,  r e s u l t s  

of  r o t a t i o n a l  a n a l y s i s  o f  t h e  383.8 nm b a n d  o f  six 
i s o t o p i c  m o l e c u l e s  o f  GeBr  h a v e  been  p r e s e n t e d  h e r e .  

2 

EXPERI MENTAL DETAILS 

An i n t e n s e  e m i s s i o n  spectrum of  t h e  GeBr  m o l e c u l e  
w a s  p r o d u c e d  b y  a microwave  d i s c h a r g e  (2450 MHz) i n  a 
f l o w i n g  c o n t i n u o u s l y  m i x t u r e  of G e B r 4  v a p o r  w i t h  a r g o n  

a t  a low p r e s s u r e .  High r e s o l u t i o n  s p e c t r a  o f  GeBr 
were p h o t o g r a p h e d  i n  t h e  1 5 t h  a n d  1 6 t h  o r d e r s  o f  a 7 m 

E b e r t - t y p e  s p e c t r o g r a p h  ( i n  H e r z b e r g  I n s t i t u t e  o f  

A s t r o p h y s i c s ,  NRC, O t t a w a )  . A r e c i p r o c a l  d i s p e r s i o n  
w a s  f rom 0 , 0 1 5  t o  0 , 0 1 6  nm/mm. E x p o s u r e  t i m e s  up  t o  30 
min w e r e  s u f f i c i e n t  t o  r e c o r d  spectra  a t  h i g h  r e s o l u -  
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t i o n  on Kodak 103a-0 p l a t e s .  A monochromator  w a s  
applied t o  separate o v e r l a p p i n g  orders. S p e c t r a  were 
c a l i b r a t e d  by  r e f e r e n c e  t o  e m i s s i o n  l i n e s  o f  a n  i r o n -  

neon h o l l o w  c a t h o d e  d i s c h a r g e .  The p l a t e s  were measu- 
red m a n u a l l y  on Hilger c o m p a r a t o r .  A c o m p u t e r  p rogram 

w a s  t h e n  u s e d  t o  r e d u c e  measu red  data  t o  vacuum wave- 
numbers  o f  r o t a t i o n a l  l i n e s .  

T h e  383.8 nm BAND SPECTRUM 
The b a n d  h e a d s  a t  26049 .84 ,  2 6 0 4 9 . 4 9 ,  26049 .19 ,  

26048,84  and 26048.45  c m - l  c o u l d  be measured  and were 
i d e n t i f i e d  as formed b y  t h e  R b r a n c h e s  o f  t h e  76Ge81Br 
74Ge81Br,  74Ge79Br , 72Ge79Br a n d  70Ge79Br m o l e c u l e s .  

The r o t a t i o n a l  s t r u c t u r e  o f  t h e  G e B r  b a n d s  h a s  

b e e n  d e n s e  a n d  complex m a i n l y  f o r  t h e  f o l l o w i n g  

r e a s o n s :  
- G e B r  i s  a heavy m o l e c u l e  (it  leads t o  small d i s t an -  

ces be tween  r o t a t i o n a l  l i n e s ) ,  

- a n a t u r a l  sample o f  G e B r 4  h a s  b e e n  u s e d  i n  o u r  expe-  

r i m e n t ,  so t h a t  germanium monobromide h a s  c o n s i s t e d  

o f  t e n  i s o t o p i c  m o l e c u l e s  a n d  a c o n t r i b u t i o n  o f  s i x  

of  them t o  s p e c t r u m  p r o d u c t i o n  i s  m e a n i n g f u l  a n d  c a n  
n o t  be i g n o r e d ,  

- c o u p l i n g  phenomena (e .g .  t h e  A-type d o u b l i n g )  a n d / o r  

m u l t i p l i c i t y  o f  e l e c t r o n i c  s t a t e s  o f  G e B r  
R o t a t i o n a l  l i n e s  o f  t h e  s i x  m o l e c u l e s  o f  G e B r  h a v i n g  
v e r y  c l o s e  l i n e  i n t e n s i t i e s  ( c o n n e c t e d  w i t h  t h e i r  

c o n t r i b u t i o n s  i n  n a t u r a l  spec ies  ( G e  B r  - 1 8 . 4 % ,  
74Ge81Br - 1 8 . 0 % ,  72Ge79Br - 13.946, 72Ge81Br - 13.6516, 

7oGe79Br - 1 0 . 4 %  a n d  70Ge81Br - 10 .2%)  h a v e  b e e n  

c l e a r l y  i d e n t i f i e d  a n d  measured b u t  most  o f  t h e  l i n e s  
h a v e  o v e r l a p p e d  e a c h  o t h e r .  Two b r a n c h e s  R a n d  two 

b r a n c h e s  P h a v e  b e e n  i d e n t i f i e d  f o r  e v e r y  i s o t o p i c  

7 4  79 
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Table 1 
The J ranges of the rotational lines used for 

calculations 

Mo 1 ec ul e Ree and Rff 'ee and 'ff 

74Ge79Br 14.5 - 90.5 1.5 - 110.5 
74Ge81 Br 14.5 - 90.5 1.5 - 111.5 
72Ge79Br 14.5 - 90.5 1.5 - 110.5 
72Ge *' Br 14.5 - 90.5 1.5 - 110.5 
70Ge7g,Br 15.5 - 86.5 1.5 - 99.5 
'Ge8 Br 1.5 - 87.5 1.5 - 104.5 

molecule of germanium monobromide. No strong, long Q 

branch which is very characteristic for the 2A - 211 

transition could be found here. 

ROTATI O N U  CONSTANTS 

Rotational lines of the s i x  isotopic molecules 
have been used to calculate effective rotational 
constants of the upper and lower electronic states. 
The lowest and highest values of the rotational quan- 
tum numbers, J ,  are collected in Table 1. 
Wavenumbers of the rotational lines represented by the 
fundamental equations 

v t F' (J') - F"(J") (1) 0 v =  

F(J) = B.J. (J+1) - D . J 2 -  (J+1)2 + H- J3- (J+lI3 
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THE GeBr MOLECULE 311 

have  b e e n  u s e d  t o  c a l c u l a t e  e f f e c t i v e  r o t a t i o n a l  con-  

s t a n t s  of  t h e  u p p e r  a n d  l o w e r  s t a t e s  of  t h e  m o l e c u l e s  

g i v e n  i n  Table 1. Computer p rograms  w r i t t e n  i n  FORTRAN 

77 h a v e  been  app l i ed  t o  d e t e r m i n e  t h e  c o n s t a n t s  by  t h e  

d i r e c t  f i t t i n g  a p p r o a c h  f r o m  l i n e  p o s i t i o n s  w i t h  t h e  

a i d  o f  IBM PC/XT m i c r o c o m p u t e r .  S e r i e s  of  c a l c u l a t i o n s  

were p e r f o r m e d  u s i n g  t h e  l eas t  s q u a r e s  m e t h o d ,  I n  t h e  

f i r s t  s t e p  v o  a n d  t h e  r o t a t i o n a l  c o n s t a n t s  Bo, Do a n d  

Ho of  b o t h  e l e c t r o n i c  s t a t e s  w e r e  f i t t e d  s imul-  
t a n e o u s l y .  The c o n s t a n t s  o b t a i n e d  i n  a s u c h  way w e r e  

n o t  c a l c u l a t e d  p r e c i s l y  d u e  t o  v e r y  s t r o n g  c o r r e l a t i o n  

be tween  some c o n s t a n t s ,  On t h e  o t h e r  h a n d  i t  w a s  
o b s e r v e d  t h a t  t h e  d i s t o r t i o n  c o n s t a n t  Ho must  be t a k e n  

i n t o  a c c o u n t  a t  l e a s t  f o r  one  ( u p p e r )  e l e c t r o n i c  sta- 

t e .  The c o n s t a n t s  H' a n d  H" w e r e  ca lcu la ted  by  t h e  

a p p r o x i m a t e  f o r m u l a  g i v e n  i n  R e f .  5. The v a l u e s  o f  

-2.0. a n d  4 . 0 -  c m - l  , r e s p e c t i v e l y  were ob- 

t a i n e d  f o r  t h e  74Ge79Br m o l e c u l e ,  I t  c o n f i r m e d  t h a t  

t h e  c o n t r i b u t i o n  of  H' w a s  m e a n i n i n g f u l .  T h e r e f o r e  t o  

improve  r e s u l t s  of  t h e  c a l c u l a t i o n s  o f  t h e  r o t a t i o n a l  

c o n s t a n t s ,  v a l u e s  o f  Hb, Hi a n d  Di have  b e e n  cal-  

c u l a t e d  by  means of  a p p r o x i m a t e  f o r m u l a s 6  a n d  f i x e d  i n  

t h e  f i t t i n g  p r o c e d u r e .  The c o n s t a n t  Di a n d  n o t  Db w a s  

f i x e d  b e c a u s e  Di c o u l d  be d e t e r m i n e d  more a c c u r a t e l y  

t h a n  Db. R e l i a b i t y  a n d  a c c u r a c y  o f  t h e  v i b r a t i o n a l  

c o n s t a n t s ,  w a n d  w x i s  h i g h e r  f o r  t h e  g r o u n d  s t a t e  

t h a n  f o r  t h e  u p p e r  s t a t e  a n d  i n  a d d i t i o n  t o  t h a t  o u r  

c o n s i d e r a t i o n  i n d i c a t e d  t h a t  f3; s h o u l d  be greater  t h a n  

f3: ( p e - t h e  c o e f f i c i e n t  r e s p o n s i b l e  f o r  c h a n g e s  o f  Dv 
w i t h  v ) .  The c a l c u l a t i o n s  h a v e  b e e n  p e r f o r m e d  f o r  t h e  

74Ge79Br  , 74Ge81Br , 72Ge79Br ,  72Ge81Br , 70Ge79Br a n d  

70Ge81Br m o l e c u l e s ,  s e p a r a t e l y  f o r  t h e  l eve l s  e and  f ,  

The r o t a t i o n a l  c o n s t a n t s  w i t h  t h e i r  s t a n d a r d  d e v i a t i o n  

e e e '  
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Table 2 
Rotational constants of 74Ge79Br molecule 

0-0 band at 383.8 nm, levels e and f) 2 
3/2 (the a-X ll 

I I1 

26047.671 (2) 26047.672 (1) v O  
0.078013 (11) 0.077994 (6) Bb 

Db' 10 0.563(1) 0,562 (1) 
* 12 Hi- 10 

* 7 D". 10 
* 15 HI'. 10 

-0.22 -0.22 level 
e BO 0,082497 (11) 0.0824 94 (6) 

0,257 0.257 
0.40 0.40 0 

SD 0.016 0.022 
n 177 1060 

26047,653 (3) 26047,648 (1) 
0.078027 (13) 0,078012 (6) 

v O  
Bb 
Db- 10' 0.531 (2) 
Hb- 10 -0.22 * 12 

level 

0.534 (1) 
-0.22 

f BO 0.082477 (13) 0,082459 (6) 
0.257 0.257 
0.40 0.40 

* 7 DO* 10 
* 15 Hi* 10 
SD 0,020 0 * 022 
n 184 1109 

* 
- the constants fixed in the fitting procedure. 

n - the number of fitting rotational lines 
SD - standard deviation 
I - from lines of the 74Ge79Br molecule 
11- from lines of six isotopic molecules 
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THE G e B r  MOLECULE 313 

uncertainties, obtained for the 74Ge79Br molecule are 
given in Table 2. 
Using the relations for isotopic molecules given by 
Dunham (see e.g. Ref, 6) and under the assumption that 

Be (i) /Be 3 Bo (i) /Bo , 
De(i)/De L* DO(i)/DO 

and He(i)/He 1 HO(i)/HO 
at an accuracy much higher than the accuracy of 
determination of these constants here, the "best", 
and recommended rotational constants of the 74Ge79Br 
molecule have been calculated from all the R and P 
lines of the six main isotopic molecules for the 
levels e i f and given in Table 2 .  Vibrational shifts 
have been taken into acount in the calculation, 

DISCUSSION 

The rotational analysis of the 383 .8  nm band of 
GeBr has shown that this band can not belog to the 
2A-X n transition (absence of strong Q branch), In 2 

connection with an initial analysis of the 363.9 nm 
band (made by us) it indicates that the 383 .8  nm band 

0-0 transition, Both the upper and is the 4E3/2-X n 
lower electronic states have shown relatively large 
splittings into the levels e and f, considerably 
greater than those observed in the corresponding 
states of SnCl and GeC1. 
The rotational analysis of the 363.9 nm band (the 

0-0 transition) of germanium monobromide 
and calculatione of rotational constants of the 'Z and 
X2n staes (including coupling constants) are in 
progress and results should be published soon. 

2 
3/2 

2 
4r1/2-x n 1/2 
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