
 

 

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

Chemiluminescent GeCl4 O2 Ar/He/Reactions
B. Kulakowskaa; W. Żyrnickia

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

To cite this Article Kulakowska, B. and Żyrnicki, W.(1984) 'Chemiluminescent GeCl4 O2 Ar/He/Reactions', Spectroscopy
Letters, 17: 6, 389 — 398
To link to this Article: DOI: 10.1080/00387018408062697
URL: http://dx.doi.org/10.1080/00387018408062697

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/10.1080/00387018408062697
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SPECTROSCOPY LETTERS, 17(6&7) ,  389-398 (1984) 

CHEMILUlrIINESCENT GeC14 + O2 + Ar/IIe/ REACTIONS 

KEY WORDS : chemiluminescence spectra , populations, 
plasma temperature , GeO, GeCl 

B. K u l a l c o w s k a  and I f .  Zyrnicki 
Institute of Inorganic Chemistry and Metallurgy 
of Rare Elements , Technical University of Ifroclaw 

50-370 Itroclaw, Poland 

ABSTRACT 
A chemiluminescent flame was produced in the 

reaction between GeCl4 and an excited mixture of 
argon or helium with oxygen. Spectra of the reaction 
products were recorded and studied. Relative popula- 
tions of the products in analyzed electronic, vibra- 
tional and rotational states corresponded to dif- 
ferent temperatures. 

INTRODUCTION 
Numerous papers have concerned chemiluminescent 

reactions occuring with group IVA elements. Chemi- 
luminescence arising from reactions of Ge atomic 
vapor with several oxidizers was studied and rate 

1-7 coefficients and photon yields were measured, 
The Ge atoms were produced by flowing GeH4 through a 

or GeBr4495 and vaporizing molten Ge in a flow 

hollow cathode disoharge, ' * *  by photolysis of GeC14 3 
reactor. 6,7 
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390 KULAKOWSKA AND ZYRNICKI 

This study presents results of investigations 
of the chemiluminescent GeCl4 + [02 + Ar]* and 
GeC14 + LOz + He]* reactions. Internal /electronic, 
vibrational, rotational/ energy distributions of some 
products of the chemiluminescent reactions have been 
determined and discussed. 

EXPERIMENTAL 

Plasma was produced by the chemilwriineacence of 
Gd14 vapor mixed with stream of argon /or helium/ 
containing a small amount of oxygen. Before the reac- 
tion with GeC14 tho mixture of noble gas and oxygen 
was excited by passing through a high frequency dis- 
charge8 /at 2 - 25 torr argon pressure and 5 - 30 
torr helium pressure/ or a hollow cathode discharge 
with open-ended cathodes made of copper /at 2 - 10 
torr argon pressure and 5 - 10 torr helium pressure/. 
The GeC14 flow rates ranged from 1.5 x 10 

5 x mole/sec. The emission spectra were recorded 
at right angle to the flowing streams in the first 
order of a plane grating spectrograph PGS-2 on Agfa- 
Gevaert and Kodak plates. 

-8 to 

The method of reducing of the plates and other 
details of the experiment have been the same as those 
reported previously. 8 

RESULTS AND DISCUSSION 
A white-aquamarine flame was produced in the 

reaction between GeC14 and the mixture of argon 
/helium/ and oxygen excited in the high frequency 

discharge. Tho GeC14 vapor mixed with the stream of 

argon and oxygen passed through the hollow cathode 
discharge formed a light blue flame. Substitution of 
argon by helium resulted in a pink-blqe flame 
changing to white-violet at higher flow rates of 
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CHEMILUMINESCENCE SPECTRA 391 

GeC14. The chemiluninescent flame was d i s t inc t ly  

stronger i n  the presence of argon. 

Chemiluminescent spectra observed i n  the first 
method /high frequency discharge/ contained strong 

molecular bands of GeO and G e C l  and atomic l ines .  The 

spectra excited i n  the second method /hollow cathode 

discharge/ were r i c h  i n  ionic  and atomic l ines .  hlole- 

cular bands of GeO, GeCl and CuCl were weak. 

It was observed that  experimental conditions 

/pressure, f l o w  r a t e  of G e C 1 4 ,  discharge power/ in- 
fluence on in tens i ty  r a t i o s  of the GeO bands re la ted  
t o  the G e C l  bands and the Ge I l i n e s  /Figr l/. 

Substi tution of Ar by He decreased the absolute 

spectrum intensi ty .  

a 1- - X2$ band systems of GeCl 

varied very s l igh t ly  with conditions of forming of  
the chemiluminescent flame 

Relative in t ens i t i e s  of the A 2 E '  - X2$ , 
4 and B 2 E +  - X2!$ 

Relative vibrat ional  populations of the GeO and 

G e C l  molecules were determined unter the assumption 

that the i r  e lectronic  t rans i t ion  rnomeiits were cons- 

tant .  These r e l a t ive  populations have been derived 

from the expression Iv,v,, (v)/ v v,v,, q,v,, .The inten- 

s i  ty  area measureiiient method' with consideration of 
the estimated contribution o f  neighbowing bands was 
used t o  determine the band in tens i t ies .  

Only bands of the A'% 

measured on our plates .  The bands with v ' G 1 1  were 

observed but the bands with ~ ' 7 %  were too weak f o r  

accurate measurements. Franclc-Condon f ac to r s  reported 

by Capelle and Drorn' w e r e  taken here for the GeO 

bands. The a x- - X2$ and B t+ - X2$ band systems 

of G e C l  ware used f o r  vibrat ional  population invest i -  

gations. The Franck-Condon fao tors  f o r  these systems 

have been computed" using molecular constants of 

4 

- X ' + system of GeO could be 

4 2 
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b l  

i 
i 

i 
- X[n rnl / 

Fig. 1. Chemiluminescent spectra excited in high 
froquenoy /200  I f ,  flow rate of GeC14 - 3 ~ 1 0 ' ~  

mole/aec/, a/ pAr = 3.5 torr,  b/ pAr = 7 torr 
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GeCl recently determined. Rotational constants f o r  

the A 2 E +  s t a t e  of GeCl a re  not available,  thus the 

Franclc-Condon f ac to r s  could not be calculated and the 

A ~ E +  - x $ 2 system was not taken in to  account. 
The r e l a t ive  vibrat ional  populations of the A% 

s t a t e  of GeO observed a t  d i f fe ren t  expcriinental con- 

d i t ions  a re  presented i n  Fig. 2 .  Employing the l e a s t  

s q u a e s  procedure f o r  the l eve l s  v ' )  2 i t  was found 

that  these populations /high frequency discharge/ 

correspond t o  the followinc teuperatures : 

3950 2 350 IC /4 t o r r  of h/, 4100 2 560 I< /7 t o r r  

of Ar/, 3100 - + 300 IC: /12 t o r r  of A r /  and 3200 2 350 I\: 

/7 t o r r  of IIe/. 

Comparison of the observed and calculated in t ens i ty  

d is t r ibu t ions  i n  the A I X  - X + 0-1, 1-1 and 2-3 
bands leads t o  the Boltzm'mi temperature of about 

300 K. 
The r e l a t ive  vibrat ional  populations of the 

2 4 B z' and a x- s t a t e s  of the GcCl molecule a re  

plotted i n  Fig. 3. Only the low vibrat ional  l eve l s  

were observed. Nevertheless temperatures corresponded 

t o  vibrat ional  I)oltzi!iann p lo t s  could be determined 

quite accurately. The vibrat ional  temperatures of 
GeCl l i s t e d  i n  Table 1 alone with t h e i r  standard de- 

v ia t ion  uncertaint ies  a re  considerably lower than 

those derived f r o c i  the CeO bands. These temperatures 

d i f f e r  f o r  the analyzed systems and depend on the 

exci ta t ion method of the &/He/ + O2 mixture. 

ions- /Ge I, He I,  Cu I, Ar 11/ observed i n  the 

cheriiiluminescent spectra were measured under the 

assumption of the B o l t z m a n n  d i s t r ibu t ion ,  p lo t t i ng  

ln(IA/gA) against  E, where the symbols have common 

known meanings. The t rans i t ion  probabi l i t i es  for Ge I 
taken here f r o m  Ref. 1 1  a re  not accurate but only f o r  

The exci ta t ion temperatures of some atonis and 
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0 1 2 

4 torr Ar 

0 7  torr Ar 

5 6  

-- 
0 

k 7 

*% 

- 0,5 

1 2 

7 t o r r  He 

y 
0 

-- 
0 

-5 

L 8 v‘ 

; 
3 4 5 6 7 8 v ’  

Fig. 2 .  Relative vibrational populations of the 

GeO A% state,  arbitrary unit8 
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> 
Z 
cn 
0 

the A V = O  sequence 

12 t o r r  Ar 

0 7 t o r r  He 

B2X+ 012torr  A r  

0 7 torr He 

Fig. 3. Relative vibrational populations of the 
a x- and B 2 E +  sta tes  of GeC1, 
arbitrary units 
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TABLE 1 

Vibrational Temperatures of GeCl 

Pressure Flow rate T 2 T 
State Inert gas 

torr mole/sec K 

Ara 

a4z;/2 Hea 
a4x;/2 He b 

b a4 =;/2 He 

B2 x' A r a  

B2 x' He a 

12 5 ~ 1 0 ' ~  4002 40 

7 3x 1 0-8 4402 40 

8 3x 1 Om8 640' - 10 

10 1 . 5 ~ 1 0 - ~  6 1 021 00 

12 5x 1 0-8 127021 30 

7 3 ~ 1 0 ' ~  1 4 8 0 ~ 1 7 0  

a - I method /high frequency discharge/ 
b - I1 method /hollow cathode discharge/ 

a few lines new data are reported.12 Data for Cu I 
lines were taken according to Bielski.13 The transi- 
tion probabilities given by Wiese et 31. 12*14 were 

employed for Ar I1 and He I lines. The oalculations 
were carried out using the least squares method. The 
temperatures along with their standard deviation 
uncertainties are given in Table 2. The Cu I, Ar I1 
and He I temperatures derived here are very close to 
those obtained by us in an ordinary hollow cathode 
discharge. 

state of CeO are remarkably similar to those observed 
previously for the SiO molecule. The plasma produced 
by the chemiluminescence has appeared to be strongly 
nonisothermio. As could be deduced from absolute 
intensities of the spectra the Boltzmann temperatures 

The relative vibrational populations in the A% 
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TABLE 2 

397 

The Excited Temperatures of Some Cheriiiluniinescence 

Products 

Pressure Flow r a t e  T L  T n 
t o r r  n i o l  e/ so c I( 

Go I 12 / A r a /  

Ge I 7 /Irea/ 

Ge I 4 /bb/ 

Ge I 10 /IIeb/ 

Ge I 8 /Heb/ 

cu I 4 /Arb/ 

cu I 10 /Heb/ 

cu I 8 /Heb/ 

A r  I1 4 / A r b /  

He I 10 /Heb/ 

He I 8 /Hob/ 

He I 7 /Hea/ 

5x 1 0-8 

3x 1 0-8 

1 . 5 ~ 1 0 ' ~  

1 .5x10n8 

3x 1 Om8 

1 . 5 ~ 1 0 - ~  

1 .5x10m8 

3x 1 0-8 

1 . 5 ~ 1 0 ~ ~  

1 . 5 ~ 1 0 - ~  
3x 1 Om8 

3x 1 0-8 

8 

13 
9 
9 
9 

14 
16 
16 

7 
8 

10 

10 

11400+3600 

9200+ 1400 

880021 300 

930022 100 

9700+3000 

2 6 5 0 ~  430 

2 5 0 0 ~  300 
2700+ 400 

22800+3900 

42002 900 
33002 800 

4 100+1300 

- 

- 

a - I method /high frequency discharge/ 
b - I1 method /hollow cathode discharge/ 
n - number of l i nes  talcen in to  account 

corresponding t o  r e l a t ive  populations of the excited 
s t a t e s  of  some analyzed chemiluminescence products 

d i f f e r  considerably f r o m  the temperatures correspond- 

ing t o  absolute populations of these s t a t e s .  
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