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The Dissociation of Metal Halides in Electr ical  Discharges 
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I 

Introduction. 
in e lec t r i ca l  discharges i n  dissociating gae molecules is well known, 
and is the bas i s  of the chemical reactions tha t  a H  observed in plasnrs 
systems. Since gases such a8 02, H2, B 2 d C 1  9 88 well a8 vapours of 
organic and other compounds have been diesociazed t o  atoms ad/m 
radicals, it appears Logical t o  suppose tha t  many other molecules would 
behave similarly. 
of the Croup I, I1 and 111, and rare ear th  metals. 

the discharge tube in the form of vapoure a t  suitable pressures. Due 
t o  the wide range of v o l a t i l i t i e s  occurring in the  above compounds and 
t o  other erperimental d i f f i cu l t i e s  it proved more convenient t o  w e  
ca r r i e r  gmee, and t o  vo la t i l i ze  the halides from small boats contained 
wlthin the react ion tube by heating these boats t o  suitable temperatures. 
It was usually possible t o  make use o f  the heat generated i n  the plasma 
itself for  this purpose. 
the central plasma region,ln positione where heat suff ic ient  t o  give the 
desired ra te  of vo la t i l i za t ion  was produced. 
due to atomic recombination i e  l a r g e u  a surface effect  it w a s  also 
possible t o  verg t he  sublimation ra te  of samples by changing the Lmrfece 
area exposed t o  the  plasma. 

used and cer ta in  react ions which are discussed befow appear t o  involve E 
atoms aa well a dissociat ive effects. 
purity, the He and 5 being purified by passing them over z i rconim ponder 
heated t o  800°C; 
gases and the purif ied gases were observed. 
gaaes were varied between 0.5 a d  2.3 mm. 
but i n  cer ta in  cases  impure compounds were del iberately used i n  order t o  
determine the e f fec ts  of impurities on the  dissociation and on the  purity 
of the  metal obtained. 

Ertenslve use was made o f  a 2450 mC magnetron generator (Mullard 
m2/205A) which although capable of an output in exce88 o f  2 M continuow 
wave power, was seldom operated a t  inputs higher than 600 watts. B&P 
frequency energy f r o m  the magnetron w a s  fed v ia  a 50 ohm air die lec t r ic  
coaxial l ine,  t o  a section of waveguide operated ea a resonant cavity by 
means of a s l id ing  plunger inser ted in to  the open end. 
tube passed tranevereely through the guide a t  a point of m a r i m  electro- 
s t a t i c  field. 
and a, which dissociate  very readily, were made using au 9-f" generator 
consintlng of a 4-125A vacuum tube a t  a frequency of 30 mC, the  power of  
which could be varied f r o m  close t o  zero t o  about 400 watts. 

The effect  of  the energetic electrons produced 

This paper describes the diesociation of the halides 

&m-imental. Ideally, the halides should be introduced Into 

Samples were placed upstream from,or within 

Since heating of s o l i b  

Both ine r t  gases ( i n  par t icu lar  He and H ) and hydrogen have been 

These gases were o f  coomerciel 

although no essent ia l  differences between the cylinder 
Pressures of the  carrier 

Halides wed  were of A.B. grade, 

The discharge 

h e  investigatlons, Involving the chlorides of Li, Be, 

In these 
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Compound Bond 
h e  rgy 

Li I 82 
UBr 102 
LICl 115 
Lilr 138 

cases the reaction tube passed through the "tank coil" of the  output 
c i rcui t  . 

Conventional methods of analysis were used t o  determine 8/ the 
SmOunt of metal deposited, b/ the undissociated halide sublimed onto the 
reaction tube, and c/ the halogen o r  hydrogen halide collected in the 
l iquid sir t r a p  which followed the reaction tube in the flow1 syatem. - Results. 
separate metals, often in good yields. 

1 The lithim -UP cornpoonds dissociated in both inert carrier gmes and 
in H t o  gLve metals d the re la t ive  reaction ra tes  were d e t e d n e d  for 
the fodides, bromides, chlorides and fluorides of L i ,  Ha, K end Cs. Son18 
Of these are  ehown in Table 1. It rill be noted t h a t  for any one metal 

From all the  halides studied It was poesible to  

Re10 React. Compound Bond Bel, Bead. 
Bate -rgJ Bate 

232.5 BaI 72 26 e 0  
15.0 
IO IO 

101.5 BaBr 89 
66.5 HaCl 99 
19.0 BaF 108 5 *o 

I 

Table 1 - 
Relative Reaction Ratee for the Hdidee of LI and l a  



Table 2 

Dissociation o f  NaCl i n  H2 a t  1.0 mn for Various Input Powers 

t 
- - 4 *O 

I 
0.240 0 280 

I 
I 

F'igure 2 shows the e f fec t  of ca r r i e r  gas pressure at constant 
power. A m a r i m u m  i n  metal production occurred a t  about 1.5 mm pressure. 
For H2 this pressure coincides closely with the highest concentration of 
H atoms, and is probably related t o  the concentration of electrons having 
sufficient energy t o  cause dissociation. The reaction ra tes  appeared t o  
be substantially independent of the nature of the ca r r i e r  gas, 

The fact tha t  considerable quantit ies o f  highly reactive metals 
are deposited i n  atmospheres o f  even more highly reactive gases, namely 
halogen atoms, suggests tha t  these halogen species may be i n  the form of 
negatively charged ions. 
eight electrons, would be non-reactive chemically, and if neutralization 
of t he i r  charges i s  delayed u n t i l  they are swept c l ea r  o f  the metal 
deposit, an explanation of  the apparent absence of appreciable back 
reaction would be afforded. Mass spectroscopic studies are being made 
on the nature o f  the  species in these discharges t o  elucidate th i s  matter. 
The &OUR I1 compounds. The majority o f  the halides of Be, ldg, Ca ,  Sr 
and Ba w e r e  investigated. Rates o f  dissociation did not appear t o  vary 
as widely as  those of Group I. 
for each compound, a l l  the  halide vapourized was dissociated and deposits 
were formed on the  W d h  of the  reriction tube in which metals and dihalides 
were founO i n  equi-olar proportions. 
formation of unstable monohalide molecules in the  discharge, which dis- 
'proportionate t o  y ie ld  the  observed products. Again the dissociations 
were no t  dependent on the ca r r i e r  gas employed. 
vo la t i le  halides in t h i s  group, end one of the most eas i ly  dissociated of 
a l l  the compounds studied, may be broken down in the lower frequency 
apparatus mentioned previously- 

means of su i tab le  solvents f o r  the l e t t e r ,  o r  i n  some cases by vacuupl 
sublimation of the dihalide. 

Such ions, having a complete outer she l l  of  

As optimum conditior.8 were approached 

T h i s  points strongly t o  the 

BeC12, one o f  the  more 

Metals could be separated from the dihalidss i n  the  deposits by 
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Group I11 compounds. 
of boron. 
elemental boron by H atoms, and the present work on alum?nium halides 

No i n  es t igat ions have been made on the compounds 
Ywkovskii t& &.' reported i n  1958 tha t  BC1 was reduced t o  

supports this claim. 

deposition of metal from A l  and Sc halides amounting t o  o n u  a few 
per cent of the vapour passed through the discharge, but when hydmgen 
w e e  employed much higher yields  of metals were obtained. 
appear, therefore, t ha t  at l eas t  one s tep  in the  decomposition involves 
a H atom reaction, and the  process may well be, fo r  A l C l  :- i n i t i a l  
dissociat ion of U C ~  t o  uc13 : H atom reduction of U C ~ ,  t o  UCI : 
disproportionation 03 fic1 t o  U and fic13. 
examination of the  species present in the  discharge revealed AN1 In 
readily detectable quant i t ies  but no A l C l  
t o  55% Al metal have been obtained from Ab1 in a single pees through 
a 2450 mC plasma, and i f  a second discharge was produced downstreem 
more Al deposited. The r a t e  a t  which A l C l  decomposes, with 
comparatively low power, and with i t a  intenae blue plama makes this 
reaction one of the most spectacular of those studied. 
involat i le  AlF3 also dissociated quite readily t o  glve the metal, 
although it is not easily handled i n  the experimental 8pparatUe described. 
The chloride and fluoride of ecandiun behaved in a s imilar  manner t o  the 
corresponding aluminium compounds. 

It should be Lnt ioned  here tha t  the chief difference between the wave- 
suide and the  coil-coupled apparatus appear8 t o  be t ha t  in the formar 
the electrons are accelerated t o  higher energlea since the  e lec t ros ta t ic  
f i e l d  is concentrated between the resonator w a l l s  where a high potential 
gradient exists in a direct ion axial t o  the  discharge tube. 
comparison the E field in a coi l  is much more randomly distributed. 
Rare Earth Comounda. 
these halides systematically, but preliminary erperiments have shorn 
tha t  they behave in a menner similar t o  AlCl 
limited dissociat ion t o  metal in an iner t  c&ier  gas, but with hydroem 
sat lafactory y ie lds  o f  metals are obtained. 
from &F3, CeC13, LaB If, for example, chlorides conts i r r  
ing appreciable quaut j t ies  of oxychloride are used f o r  the  dirsooiation 
t h i s  inpurity is  left in the  sample boat and a highly pure metal is  
deposited. 
of certain metalm. 

When ine r t  c s r r i e r  gases were used there was a very limited 

It would 

A maas spectromet+c 

w a s  observed. Yields of up 

3 

The r e l a t ive ly  

NCl also dissociated readily in the  lower frequency apparatus. 

By 

We have not as  yet had an opportunity of studying 

T h a t  is, there  is only 

Thae Ce and Le result 
and LaC13. 

Such react ions may therefore prove of use in the  preparation 
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