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OK THE ULTRA-VIOLET S P E T U  GeCl 

KEY WOBDS t rotational analysis, the GeCl molecule 

w. ?$rnicki 
Institute of Inorganic Chemistry and Metallurgy of 

50-370 WrocZaw , Poland 
Bare Elementa, Teohnioal University of WrocZaw 

ABSTEIACT 

bnds of GeCl in the region 335 - 370 mu have 
4 2 been attributed to the 

basis of hi& resolution studies of the bands at 
339.2 and 350.1 nm. The rotational analysis of the 

1- - X 5i transition on the 

(0,O) band of the 4 1 iI2 - X2PJI2 eubeyetem hae been 

oarried out. 

A few band system8 of the GeC1 molecule have 
been reported13. A vibrational emalysis o r  the band 
oyrtema, all of whioh involve the ground state, has 
been parfonned but vibrational constants-have been 

913 
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9 14 ZY RN I CK I 

obtained f r o m  band head measuremanta. Up t o  now a 

rc5a-ti.cnaL cvzalysis ha6 been carried out f o r  only two 
Mnda cf G e C l  (the B 2 E +  - X2.%3/2 transit ion) 6 . 
T' .--P . ro$ational structure of the analyzed bands was 
;10: x e l l  resolved and rotational constants were 
obtained graphically . 6 

The band system of GeCl In the region 335 - 370 
2 rn was f i rs t  observed by Earrow and Lagerqvist . 

The geuerel appearanoe was of two subsystems and 
the 2A - 25 t ransi t ion was suggested . Spectra of the 
(:--'?I a d  SnC1 molecules show remarkable s imilar i t ies ,  

was' previously assigned t o  the A - ' 5  transit ion,  
nag shorn t o  be the 'x- - 2% system and the same 

changs was suggested f o r  the G e C l  molecule7. Thus 
high resolution studies of the GeCl band8 a t  339.2 
and 350.1 run have been undertaken t o  establish the 
nature of  the upper s t a t e  and t o  determine r o t a t i o -  
nal conatants. 

2 

. + --..--:~;~b::.dLz~ . .,. s-rstam of  t h e  SuCl molecule, which - 
2 

EXPERIBEI?TAL DETAILS 
The spectrum w a s  excited in an electrodeleaa 

discharge through a mixture of argon and germanium 

tetrachloride which was kept flowing a t  a preaaure 
of 15 Tom. The r.f. power ( 300 V) waa supplied 
from a 27.4 Y?lz osci l la tor ,  High resolution spectra 
were photographed la the eiglzth order of a p lane  
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ULTRA-VIOLET SPECTRA OF GeCl 9 : s  

grating spectrograph a t  a reciprocal 6ispersioZ af  

0,04 nm/mm. Exposure tfmes of approxinately cne 
hcur were necessary t o  record the spectra BZ! 

Agfa-Gevaert plates. Spec t rs l  i i z o s  3f artpr, a d  

iron were used a s  reference standards and the pls tes  

were measured on a Hilger comparator. 

RESULTS AND DISCUSSIOI? 

The analyzed band system consists o f  toPo strong 
subsystems w i t h  well marked sequences and 8 weak 
subsystem. All observed bands are  degrade4 t o  Yne 

red. The (0,O) bands ( a t  339.2 and 350.1 nm) of the 

strong subsyetems have been recorded a t  a high resa- 

l u t  ion . 
In the band a t  350.1 nm two aeries of atrong 

sharp l ines  and a weak line-like branch could be 

eaeily picked out. Combination differences have 
shown that the two ser ies  of  lines form an R and a I? 
branch; Rff and Pff 
notation of Kopp and 

the8e branches a re  B ( 1.5 1 and P (2.5 1 . The line-LFke 
branch has been identified as the Q branch aod th le  

has been confirmed by a comparison of the oalculated 
and observed ieotopic ehlf ts .  Lines of another P 
braneh have .I- been found. Some i f i egu l s r i t i e s  
have been ob8erred in the analyzed SpeCtrUIL 

and P according t o  the 
Or *ee ee 

Hougen . The first l i n e s  of 
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916 ZYRNICKI 

Four branches have been recognized in t he  339.2 
nm band and have been assigned as the Ree, Qfe,  Qef 
and Pee branches. The Q,, l i n e s ,  going from vo to- 
wards shor te r  wavelengths, and t he  Qef l i n e s ,  going 

from vo towards longer wavelengths, a r e  prominent. 
Since the  lower state of t he  339.2 and 350.1 

nm bands is the wel l  established s(a) s t a t e ,  t he  
ro t a t iona l  s t ruc tu re  of theae bands indicatea that 
the upper s t a t e  muat be 'x- and not A, The s u b  

2 

2 

bands a t  339.2 

pectively. The 
'Xi/* - *%/* 

and 350.1 nm should aria0 from the 
and 'x - '$/2 t rane i t iona ,  rea- 
weak aubaystem should belong t o  t h e  

t rans i t ion .  me 'E- % t r ana i t i on  
of G e C l ,  analped here,  looks very similar t o  thie 
t r a a s i t i o n  for SnCl and d l f f e r a  f rom that observed 
for t he  GeP molecule . 

7 
9 

Approxlmate r o t a t i o n a l  numbering in the each 
resolved branch ( Bee, Qfe, Qef emd Pee) of the  339.2 
IM band showed that it waa not possible t o  obtain 
ro t a t iona l  conatante of the upper and lower s t a t e 8  
uing combination difierenaes.  Many overlapping l ine8 
due t o  isotopes of G e C 1  have made the r o t a t i o n a l  ana- 

l y s i s  complicated and have involved an unoertainty 
in it. sinoe ro t a t iona l  conetante of the x % ~ / ~  sub 
s t a t e  are unknm, r o t a t i o n a l  aonstants for the 

axbatate oould not be derired from this ana- 4= T/2  
l y s i a  of the 339.2 nm band. 
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ULTRA-VIOLET SPECTRA OF GeCl 917 

The effective rotational conetants have been 
4 determined for the x i l 2  and substates from 

odnioh the 350.1 nm band arises. !he rotational term 
value8 for the 
the followiag formulae7 t 

4 xi l2  substate were represented 

J(J+l)  2 a(J+b) - DeffJ2(J+1) 2 "1 =. Bdf 

me well ban expreesionlO waa applied for the %t3i2 
aubatate. The least squares procedure was emploYed 

to determine rotational constanta. The results are gl- 
pen in Table 1 along with their standard deviations. 
The value of Bo, obtalned here, for the X%3/2 subatbte 
i a  considerably dlfferent than that derived by M i s h r a  

and Khanna 6 from a rotational analysia of the ( 0 , O )  

aalculated by the author uaiag wave hufnbers of rota- 
tional. lines reported by Miahra and Khama and vary- 

ing alightly their J numbering. The value of Bo, 80 

reralaulated from the B2E+ - X%312 ( 0 , O )  eubband 
agrees quite w e l l  with this value derived from the 

6 

- 

( 0 , O )  subband. 
Be8ults of the present analysis suggest that the 

6 rotational constanta given by Uahra and Khanna a r e  

inoomot. Studies of the A 2 x +  - Sfl, gx' - 3 5  
and 'x- - &i tr~81tIOnS are in progreaa. 
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