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ABSTRACT 

An investigation is made of the axial distribution 

of thallium atoms in a unipolar arc dischrge depending 

on the interelectrode gap (of between 1 to 6 mm), the 

current intensity (of between 4 to 16 A ) ,  the lithium 

concentration (of between 0 to 8 p e r  cent), and the po- 

sition and polarity of the sample.With the aid of a time 
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244 PETRAKIEV AND ORESHKOV 

extension of the soectrum,the space/time ima.ge of these 

dependences is obtained, as well as of the plasma 

parameters. 

- INTRODUC-N 

Spectral line intensification in the area close 

to the electrodes of a d.c. arc was fir5t observed by 

Mannkopff and Peters',Subsequent investigations ty a 

number o f  authors *-' have contributed to the clari- 

fication of the causes of near-electrode effects in 

the d.c. arc.When a sample is evaporated froii-. the cra- 

ter of a carbon electrode, depending on the sample's 

composition,the axial distribution shows an intensi- 

fication of the spectral lines ih the near-cathode and 

the near-anode, or central part of the discharge. 

Similar effects have been observed also in a low-cur- 

rent unipolar discharge . 7 

The high-current unipolar arc offers many advafitages 

over the direct-current and the alternating-current 

arcs. The pauses between the individual arc pulses 

allow its use also as an intermittent arc. 

In the present work an inveetigation is made of 

the axial distribution of the thallium atoms in a uni- 

polar arc discharge depending on the place and polarity 

o f  the electrode containing the sample, on the distance 

between the electrodes, the intensity of the current, 
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DISTRIBUTION OF THALLIUM 245 

and the lithium concfntrati0n.A good knowledge of these 

effects is greatly useful for the optimization cf the 

conditions of emission spectral analysis.Lithiun. is quite 

often used as a buffer in the spectral analysis. 

EXPERIMENTAL 

In conditions of a unipolar arc discharge in air 

medium the axial distribution of thallium was followed 

up in samples of powdered carbon with or without ad- 

mixture of the easily ionized macrocomponent Li 

(Li2C0 ).Seven series of samples, containing between 0 

to 8 per cent Li,were prepared. Thallium concentration 

in all samples was kept at Type RW 111, 6 rnm 

dia carbon electrodes were utilized, with sample cra- 

ters of 4 mm dia and 3 mrn depth on them. In order to 

obtain a detailed inform2,tion about the axial distri- 

3 

bution of the intensities of the spectral lines, the 

spectra were shot with the aid of a one-lens system, 

under precision focusing of the reduced image of the 

slit of a I S P - 3 0  quartz spectrograph. With the aid of 

the flying cassette method the change in the axial. 

distribution was investigated for one and the same 

discharge of the blackening, the temperature,the elec- 

tron concentration, and the degree of ionization as a 

function of the time.For an exposure time te= 60 sec 

the distance between the electrodes was kept constant. 
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246 PETRAKIEV AND ORESHKOV 

I n  order  t h a t  t h e  r e s u l t s  thus  obtained may be compared 

with the  r e s u l t s  of a . c .  a r c  and d . c .  a r c  d ischarges ,  

exposure t i m e  and cur ren t  i n t e n s i t y  were accordingly 

r ec t i f i ed .The  scheme u t i l i z e d  f o r  the  r e a l i z a t i o n  o f  a 

high-current  un ipolar  a r c  d ischarge ,  allowing t o  oper- 

a t e  with up t o  2 0  A , i s  given i n  . Type BLAU EXTRAHART 

WU-3 (ORWO) spectroscopic  p l a t e s  were u t i l i z e d .  

8 

F o r  t h e  determinatiori of the  temperature T ,  t h e  

e l ec t ron  concent ra t ion  ne ,  and t h e  degree o f  i o n i z a t i o n  

C ,  i n t o  a l l  samples t i n  and magnesium were introduced 

i n  the  from of oxides.These t w o  elements were se l ec t ed ,  

because a s u f f i c i e n t  amount of r e l i a b l e  experimental  

and t h e o r e t i c a l  da t a  on t h e  o s c i l l a t o r  fo rces  a r e  

ava i  tab le .  

9-1 1 

The determinat ion of t h e  temperature i s  done by 

the  b i l i n e a r  method of Ornstein and Brinkman, on the  

s p e c t r a l  l i n e s  Sn I 249.6  nm and Sn 1 2 5 4 . 7  nm, with 

the  a i d  o f  the  formula: 

where: E ,  and E2 - the  e x c i t a t i o n  p o t e n t i a l s  o f  t he  

l i n e s  A 1  and A 2 ;  

the  r a d i a t i o n  t r a n s i t i o n s ;  and I, and I,, - t h e  i n t e n s i -  

t i e s  of t he  r e spec t ive  s p e c t r a l  l i n e s .  

(gA)l and ( g A ) 2 -  t he  p r o b a b i l i t i e s  of 

i 
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DISTRIBUTION OF T M L I U M  247 

The d e t e r m i n a t i o n  of  t h e  e l e c t r o n  c o n c e n t r a t i o n  i s  

done w i t h  t h e  a i d  o f  t h e  l i n e s  Mg I1 279 .5  nm and 

M g  1 2 8 5 . 2  nm,by t h e  fo rmula  l o :  

The d e g r e e  o f  i o n i z a t i o n  o f  t h e  th;rlliurn atoms j.s 

d e t e r m i n e d  i n  acco rdance  w i t h  tl ic f o r m u l a :  

- - 
where :  VT1 and V - reci . l if j .ed p o t e n t i a l s  o f  ionj.za-a;ion 

of t h a l l i u m  and magnesium . 
M F; 

10 

RBSTTLTS A Y D  D T S C U S S I O M  --- 
T h a l L - i  uiii speat i - r r l  Lint? j . i i t e n 5 i t . y  i n  t h t .  i n d i ~ i i -  

d u a l  s c r t o r s  o f  t h e  analytical gap g i v e s  i i i 1 > 3 r i : i 3  t i o n  

on t h e  d i s t r i b u t ~ i o i i  o f  thaLl~ium atoins. We expec ted  no t  

very proqouiice4 n e a r - e l e c t r o d e  e f f e c t s ,  bu t  0 ~ 1 :  expe-  

r j .menta1 r e s u l t s  have shown such e f f e c t s  to be rakliei- 

s t r o n g .  

An i i i v e s t i . g a t i o n  o f  t h e  d i s t r i b r i c i o n  of '  the, 1 i n e s  

in t h e  iritercr.I.ectroiie sari clrperidi.ng on t h e  s j  z e  cf t h e  

i i i s cha rge  c l e a r a n c e  f o r  s a i i l p l e s  wj.t l :out 1; 1.Iiiurn contc i i t ,  

h a s  shown ;mi i n t e n s i f i c a t i o n  of t r ,e i . r  b l a c k e n i n g  ii1 t h e  
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248 PETRAKIEV AND ORESHKOV 

It i s  been t h a t  when t l ~ e  s a n , p L a  i s  an anode and w h e n  

i t  i s  i i i  t h e  l o w e I  c1.i:c:tr-ocie ( F i g .  l a ) ,  a n  i n t e n s i  f i -  

c a t  i.on i s  o b s r r v t c i  i n  t l ~ e  iiear-;inodt* 1 i a r t  of t h e  

as 

0 2 L 6 0  2 L 6 0  2 4 6 0  2 .  F 
K limn A K I.mm A K I.mm A K Lmm 4 

F I C r .  1 

A x i a l  distrjbution o f  t h e  g lob '  of  the s p e c t r a l  l i n e  
o f  T 1  I 2 7 6 . 8  1x11, d e p e i i d i n g  on  tt-ie distance b t s t w e e n  
t l t e  e l e c t r o d e s  t h e i r  p o s i t i o n  and t h e i r  polarity i n  
p e r s e n c e  o f  2 p e r  c e n t  L i .  
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DISTRIBUTION OF THALLIUM 249 

d i s c h a r g e ,  i . r .  c l o s e  t o  thL> e l e c t r o d e  with t h e  sample. 

I n  a l l  o t h e r  c a s e s  ( F i g . l b , c  and d )  t h e r e  i s  a cathode 

i n t e n s i f i c a t i o n ,  arid w i t h  t h e  i n c r e z s e  i n  t h e  i n t e r  - 

e l e c t r o d e  gap ,  a more even glow o f  t h e  spectral l i n e s  

i n t e r v e n e s ,  which i s  p robab ly  t o  he a t t r i b u t e d  t o  t h e  

j o i n t  a c t i o n  of  t h e  p u l s e d  a x i a l  e l e c t r i c  f i e l d ,  aiid 

t h e  d i f f e r e n t  i r i t e i i s i t y  and speed o f  t h e  c o n v e c t i o n  

and d i f f u s i o n  p r o c e s s e s ,  which can be c o i n c i d e n t  o r  

no t  i n  r e s p e c t  of d i r a c t i o n .  

We c a r r i e d  ou t  ou r  f u r t h e r  i n v e s t i g a t i o n  u s i n g  

a f i x e d  d i s c h a r g e  gap and a v a r y i n g  c u r r e n t  i n t e n s i t y ,  

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

i n v e s t i g a t e d  f o r  sampl-es w i t h  or wi thou t  a 2 p e r  c e n t  

l i t h i u m  admix tu re ,  a c u r r e n t  i u t e n s j  t y  o f  h ,  8 ,  1 2  o r  

16 A ,  arid a 3 mm d i s c h a r g e  gap. Some of  t h e  r e s l l l t s  

a r e  shown on F i g .  2 and F i g .  3 .  

S 
06 

O L  

0.2 

I 
I K 1mm A 

FIG. 2 

K I m m A  

Axia l  d i s t r i b u t i o n  o f  t l i e  glow of t h e  s ~ e c t l - a 1  l i n e  
o f  TI I 2 7 6 . 8  n m ,  f o r  a c u r r e n t  i r ; t t .ns i ty  o f  4, 8 ,  
1 2  and 16 A ( c u r v e s  I ,  3 .  3 ,  4 ,  r e : . I ~ ( ~ c t i v e l y )  i i i  <i 

sample wi thou t  L i  c o n t e n t .  
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250 PETRAKIEV AND ORESHKOV 

0-3 
K (mn A 

S 

0.9 

0.7 

0.5 

a3 

0 1 2 3  
K Lmm A 

F I G .  3 

Axial d i s t r i b u t i o n  of  t h e  glow o f  t h e  s p e c t r a l  l i n e  - 
T I  I 7 7 6 . 8  nni for a curr-cr i t  i l l t e n s i t y  or 4 ,  8 ,  1 2 ,  
and 16 A ( c u r v e s  1 ,  2 ,  3 ,  1 4 ,  r e s p e c t i v e l y )  i n  a sample 

w j  t k i  2 p e r  c e n t  ‘Li c o n t e n t .  

When t h e  sa i~ ip le  does  n o t  con ta i i i  Li thjuin,  t h e  

axial d i s t r i b u t i o n  i s  e h s e n t i a l l y  d i f f e r e n t ,  a r i d  w i t h  

t h e  i n c r e a s e  i n  c i l r re r i t  i n t e i l s i t y ,  Lhe curves s l i i f t  

and heoonie a l r i iost  p a r a l l e l  1;o one a n o t h e r  n e a r  t h e  

h i g h e r  b l a c k e n i n g  values. The i n t e n s i r i c a t i o r i  o f  t h e  

l i n e  i , j  i n  t h e  n e a r - c a t h o d e  a r e a ,  and when t h e  sample 

i s  i n  t h e  e l e c t r o d e  w i t h  a p o s i t i v e  po1:trity and which 

i s  below ( F i g .  2 a ) ,  a s l i g h t  i n t e r i s i f i c n t i o n  i s  

obse rved  a l s o  i n  t h e  near -anode  are?, .  

When 2 p e r  c e n t  L i  1s inr;ro:luced i n t o  t h e  sample 

( F i g .  3 ) , w i t h  t h e  i n c r e a s r  i n  t h e  i n t e n s i t y  of  %he 

c u r r e n t  a r e d i s t r i b ~ t i o ~ i  i n t e r v e n e s  . i l o t ig  t h e  a x i s  o r  

t h e  d i s c h a r g e .  When t h e  sample i s  i n  t h e  lower elec- 
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DISTRIBUTION OF THALLIUM 251  

t r o d e  and when t h r  l a t t e r  i s  an anode ( F  g .3  a), t h e  

i n t e n s i L i c a t i o n  s l i i f t s  towards t h e  anode but  when i t  

i s  i n  t h e  upper e l e c t r o d e  ( F i g . 3  c ) ,  t h e  glow i f  t h e  

l i n e  i s  more even i n  t h e  d i r e c t i o n  o f  t h e  l e r g t h  o f  

t h e  d i s c h a r g e .  When t h e  p o l a r i t y  o f  t h e  e l e c t r o d e  w i t h  

tlle sample i n  i t  i s  n e g a t i v e ,  t h e  n e a r - e l e c t r o d e  e f f e c t s  

a r e  more pronounced i n  t h e  a r e a  around t h e  ca thode ,  

while  i n  a l l  c a s s e s  t h e  b l acken ing  of t h e  l i n e  shows 

h i g h e r  v a l u e s  compared wi th  t h e  samples wi thou t  L i .  

It i s  i n t e r e s t i n g  t o  r e t r a c e  t h e  aevelopment o f  

t h e  a x i a l  d i s t r i b u t i o n ,  a g a i n  depending on t h e  concell- 

t r a t i o n  o f  t h e  l i t h i u m  (Fir,  ' I ) .  

1. 9 

0 7  

0.5 

03 

I 

L - 
I,mm A 

1 2 3  

5 

0.4 

0.7 

0.5 

0.3 

0 1 2 3  
K Imm A 

S 

0.4 

0.7 

as 

0.3 

- 
I 1 3  
I.rnm L 

Axial  d i s t r i b u t i o n  of  t h e  glow o f  t h e  s p e c t r a l  l i n e  
T 1  I 276.8  nrn i n  a sample wi thou t  L i  c o n t e n t , o r  w i t h  
0 . 5 ,  2 o r  8 p e r  c e n t  L i  c o n t e n t ( c u r v e s  1 ,  2 ,  3 ,  4, 
r e s p e c t i v e l y ) ,  f o r  a c u r r e n t  o f  1 2  A .  
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252  PETRAKIEV AND ORESHKOV 

An i n c r e a s e d  l i t h i u m  c o n c e n t r a t i o n  l e a d s  t o  t h e  

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

t h e  t h a l l i u m  s p e c t r a l  l i n e ,  whose i o n i z a t i o n  p o t e n t i a l  

i s  r e l a t i v e l y  low ( 6 . 1 1  eV).  Because o f  t h i s ,  t h a l l i u m  

l i n e  i n t e n s i t y  i n c r e a s e s  w i t h  a n  i n c r , e a s e d  l i t h i u m  

c o n c e n t r a t i o n .  

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

space / t ime  p i c t u r e  o f  t h e  change i n  t h e  b l a c k e n i n g  f o r  

t h e  v a r i o u s  p o s i t i o n s  and  p o l a r i t i e s  o f  t h e  e l e c t r o d e  

which c o n t a i n s  t h e  sample .  On F i g .  5 f o u r  f a m i l i e s  o f  

FIG. 5 

The space / t ime  a x i a l  d i s t r i b u t i o n  o f  t h e  glow o f  
t h e  s p e c t r a l  l i n e  T 1  I 2 7 6 . 8  n m  i n  a sample w i t h o u t  
L i  c o n t e n t ,  o r  w i t h  0.5 o r  2 p e r  c e n t  L i  c o n t e n t  
( c u r v e s  I ,  2, 3 ,  r e s p e c t i v e l y )  f o r  a c u r r e n t  i n t e n -  
s i t y  o f  1 2  A i n  t h e  u n i p o l a r  a r c .  
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DISTRIBUTION OF THALLIUM 253 

such curves are represented, which reflect both the 

case without lithium admixture, and the cases with a 

0.5 to 2.0 per cent lithium content. The spectrograms 

were obtained by rapidly shifting the cassette (every 

15  sec precisely), until a complete evaporation,without 

interrupting the discharge,was obtained. 

When the sample is an anode and is below (Fig.5a) 

a redistribution of the blackening intervenes during 

the evaporation process. With samples which contain a 

2 per cent Lithium admixture, the intensi.fication in 

the initial 15 sec is observed in the near-anode area, 

while during the subsequent exposures it passes 

through an intermediary position and shifts to the 

area around the cathode. In the other cases (Fig. 5 b, 

c ,  d) the intensification is in the near cathode area. 

In samples without any Lithium content, the thallium 

is evaporated during the first 15 sec, and in all cases 

there is a pronounced near-cathode intensification. 

Samples with 0 . 5  per cent lithium content occupy an 

intermediary position, but the radiation is in the 

cathode area. In a general way, when the thallium and 

Lithium concentration during the exposure -is r e u u c e d ,  

the near-cathode intensification in the blackening is 

more pronouced than the near-anode blackening. The 

time aistribution thus obtained explains the various 

above-mentioned instances of simultaneous near-anode 
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254 PETRAKIEW AND ORESHKOV 

and near-cathode intensification (Fig. 1 -4 ). In such 

cases we withness an integration throughout the expo- 

sure time, i.e. a summation of all the curves in one. 

A similar experiment allows to obtain a more detailed 

information on the kinetics of the processes of eva- 

poration and excitation in the exposures individual 

moments. A s  far as we know, such a method has not been 

until now applied by other authors. 

The axial space/time distribution of the blacken- 

ing of the T1 1 276.8 n m  atom spectral line and of the 

plasma parameters T, n and& for one and the same 

discharge, was simultaneously monitored, as is shown on 

Fig. 6 and Fig. 7. 

e 

The intensification of the blackening in the near- 

cathode area (Fig. 6) when the substance transfer under 

the action of the electric field and the convection is 

of a contrary character, is probably related to the 

fact that in such a case the field and the plasma 

parameters exert an intensifying influence on the above 

effect. When the transfer of substance under the action 

of the electric field and the convection is in one and 

the same direction, the axial change in the blackening 

on the time is difficult to explain (Fig. 7 ) .  It is 

likely that in the first few seconds a predominant role 

is played by the processes of sample evaporation and 
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F I G .  6 

Space/time axial distribution o f :  
(a) the blackening of the spectral line T 1 I  276.8; 
(b) the plasma temperature T ;  
(c) the degree of ionization ,+! ; 
(d) the electron concentration n e’ for an cathode sample, containing 2 per cent Li and 

an intensity of the unipolar current of 12 A .  

the related plasma parameters, while with the decline 

in the thallium and lithium content during the exposure, 

the role of the electric field increases, as a result 

of which the redistribution takes place which observed 

in the glow of the spectral line of thallium. 

CON CLU SI ON 

From the experimental results regarding the axial 

distribution, the following conclusions can be drawn: 

1 .  The concrete peculiarities of the axial distri- 

bution of thallium depend on the composition of the 
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F I G .  7 

Space/time axial distribution o f :  
(a) the blackening of the spectral line T1I 276.8; 
(b) the plasma temperature T; 
(c) the degree o f  ionizatioiid ; 
(d) the electron concentration n e’  for an anode sample, containing 2 per cent Li and 

an intensity o f  the unipolar current o f  12 A .  

sample, the speed o f  its introduction into the discha- 

rge, the polarity and position o f  the electrodes, the 

intensity o f  the current, aim the size of the discharge 

gap. 

2. A lithium admixture causes changes in the 

conditions of entry o f  the sample and excitation of  the 

spectral lines, as a result o f  which a redistribution 

o f  the blackening along the discharge axis intervenes. 

The introduction o f  considerable (2-8 per cent ) amounts 

o f  lithium leads t o  an intensific’ation in the near- 
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anode  area when t h e  sample i s  i n  t h e  anode and i s  

below. T o t a l  b l a c k e n i n g  i n c r e a s e s  a n  i n c r e a s e d  l i t h i u m  

c o n t e n t .  

3 .  The space / t ime  p i c t u r e  o f  t h e  a x i a l  d i s t r i b u -  

t i o n  shows t h a t ,  depending  on t h e  l i t h i u m  c o n c e n t r a t i o n  

and  t h e  t i m e  o f  e x p o s u r e ,  a r e d i s t r i b u t i o n  o f  t h e  t h a l -  

l i um atoms i n t e r v e n e s  a l o n g  t h e  d i s c h a r g e  a x i s ,  a l l o w s  

t o  o b t a i n  a more  a e t a i l c c t  in for innt ior i  on t h e  k i n e t i c s  

o f  Lhe evaporn!  i o n  aitd e x c j - t a t i o n  p r o c e s s e s  a t  t h e  

v a r i o u s  moments o f  t h e  exposure .  

These  r e s u l t s  c a n  sc'rve a s  a b a s i s  f o r  t h e  o p t i m i -  

z a t i o n  o f  t t le  c o n d i t i o r i s  of s p e c t r a l  a n a l y s i s  o f  powde- 

r e d  samples  i n  a u n i p o l a r  a r c  t i i sc l ia rge .  I3esides t l i a t ,  

t h e y  can be u s e d  f o r  t h e  r e a l i z a t i o n  o f  new exper i inents  

c l a r i f y i n g  t h e  evapora t i o l l  and t r a n s p o r t  procc 'sses ,  a s  

w e l l  a s  t h e  l j r o c e s s e s  o f  e .xci ta t ior1 i n  a u n i p o l a r  

d i s c h a r g e  w i t n  t h e  auovc: para i i ic te rs .  
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