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EXPERIMENTAL STUDY OF EXCITATION F~JNCTION
FOR THALLIUM ATOMS

by
L.L. Shimon, E.I. Nepiypuv , I.P. Zapisochn~/(/

The effective cros~~ ctions and excitation functions of atoms of the first and

second group of metals in the D.I. Mendely4ev (1,2) periodic system has been studied

most completely. Information on effective crossections and functions of elements in

the third group (Al ,Ga ,In ,Tl) are almost completely absent . This may be explained

primarely by great experimental difficulties in conducting studies at high tempera-

tures (500—1200°C), since the vapor elasticity of the said elements is low, previous-

ly, only measurements of functions of seven most intensive spectral lines of sharp

diffused thallium series were conducted (3,k). However, the experiments were perfor-

med at such a low level that the obtained results have no scientific value at the

present time.

Our work is the beginning of systematic studies of excitation - functions and effec—

tive excitation crossections of atoms of the third group elements.

Experimental arrangement and measurements conditions

The most accepted method for studying of excitation processes and ionization of

atoms of metals with low vapor elesticity is the method of atomic and electronic rays

that intersect (5). However, well formed atomic ray can be obtained only at relative—

ly low concentration of atoms in a ray. In connection with this, there appear diffi-
culties in recording of low intensity spectral lines and lines that are located in ‘

~he

range of low spectral sensitivity of radiation detec~ors. In order to increase the radi-Ija,i~’~ vation intensity of a shocked volume we applied a method of r’filled cell, which
was previously used in studies of metals characterized by relatively high ~~i~ ur elan-
ticity (6).

~4Co~~~i].1ed cell (Figure 1) consists of thoroughly warmed coflue:-~,ce chamber and

a reservuar behind the metallic thallium. To avoid thallium vapor condensation on a
confluence chamber window, the temparature of the latter was kept 20—30°C above the
temperature of the thallium reservuar.

The electronic ray was formed by means of a two anode electronic gun. Controlling

the energy of electrons, the electrode performed simultaneously the roll of the conflu-

ence chamber wall.To accurately record the electronic ray current the electrical input

to the electron receiver was realized through an opening in the confluence chamber wall

without using any kind of insulators. Thereby, the currents which leak through isola—

tors at temperatures above 500°C completely eliminated. The space between the in-

put to the electron receiver ’ and the chamber as well as the openings of anodes were

used simu.ltarieously for pumping out the ~~~~~~~~~~~~ cell.
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The whole system of the v~~~~~ filled cell with the electron gun was arranged in

a vacuum chamber wherein under operating conditions the residual gases pressure did

not exceed 2.lO
_6 

torr.

Our measurements were conducted at vaour thallium pressures of p= (l—5) . 4’~? torr

and electron current densities ~~~~ ~=2.10 k 
— ll0~~ Atm/cm

2. Previously, thorough a

series of control experiments, it was established the absence of a deforming eff ect

of pressure on the appearance of the excitation function, and also the presence of

a linear dependence of the spectral lines’ intensities on the density of the electron

current in wider intervals of p and i variation.Thus, aLl the measurements were perfor-

med at conditions of a single electron atom contact. In this, the interval of nonhomo—

/ 17 genuity of electro~is according to energy, was 1.5 for
S j ~~~ 90% of electron rays in the regiop of electron energy

~~~~~~~~~~~ ~~~~~~~~ of 3—50~~~~and incresed to 2.5~~ with the increase ofI the electron energy to 200—250.~~.~

J~~~~~ZK~~~ 
~~~ 

The intensity of spectral lines was recorded by a

~ ]i ’ ~~~ L,~~ -
~~~~~ photoelectric method by means of FEU—l8A and FETJ—79

- - F L 4. -~~ ~~
,,

~J 
~j~
/

~~~/
/

Z~~~ ~~~~~ 

. . .

~j ,/. 4 ~~~‘ Fig.l. Schematic crossection of vacuum chamber: 1— remov—
L~ ‘4çV ~ / . / /  - able flange, 2— ceramic insulator, 3— electron receiver-~I ~t 

~~~ bar , k- protective screen , 5— water conditioner, 6- con-
tact chamber , 7— electron receiver, 8— accelerating elec-
trode, 9— pull out electrode, 10— ~~~~~~~~~~~~~~~~~

- 11— metallic thallium reservuar, l~— thermovapor, 13—
vacuum chamber body, 1k— water cooling, 15,16— electri-

cal inputs.

S with further amplification of of the photoelectric current by~~ direct current ampli-
fier UL-2. Experimental points were measured each 0.2-0.25 ‘

~~~ for initial sections of
the curves and in ~he region of excitation appearance,and less frequently in the reg .--
ons of great enrgies. In this~ the error of the relative linemeasurements , which are
the most difficult to records did not exceed 5—7%.

Measurements results and discussion

The obtained results are shown in Fig.2-5. For ease of comparison, the relative
excitation functions of all the lines are normalized with regard to maximum to one le-

vel. Each curve is an averaging result of several measure~ents.

Figure 2 shows excitation functions of ma~n series lines. As it is seen, the spec—
• tral lines’ intencities increase over 1—2 after the excitation threshold (table).

In addition to the basic maximum, a second maximum in the region of 7.8-8.~ ~~~appears

— - - 
.
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Fig. -~ Excitatio.’-i functions of series spectral lines:

- . / )~ 6fl6 A . ~ ~~ f ; .
-
’ ~~ •~,

~ ~~~~~ A . 4 ~ ~~~~- “~ A -
~~~ ~ ~~~~~ ~ ~ 511 t A.  i ~. ~~~~~ \

Fig. 3 Excitation functions0of sharp ~;eries spectr~l lines : 1 —A =3775 ~ (black
discs) and ~5350 A ( bri ht), ~-~1=2580 1 ( black discs) and =3229
(bright ), 3 = 2826 ~~, 4 =2206 A ( black discs) and ~ =2666 A (bright)
5~ ~~~~~535~~

~~
, :~~~~

‘
~

:~~ I :EI :
0 ~t) sY~ /~ ,pñ ~ 10 - 1~ 21) 

~~
. £

Fig. 4 Excitation functiansof diffusion series spectral lAnes:1-~~=2767 
f and

~ =3529 A 
( black discs)~ 2- A = 2379 and 2921 ~A (black discs), 3 -

= 3519 , Lf — =22 37 ~~. 
.

• Fig.5 Excitation function of diffI~~~~~series spectral liner :
j x ~~~~ A -

• 
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to one or another extent on all the curves. A small maximum was recrded also on the
end parts of the curves on excitation functions of the second part A. 6713 and A .
6539 A (72s

f 
— 82P1/2~3/2

). In the examp]. e of the most properly measured curves l&2 ,
as well as 3&k (Fig.2) it is seen that there is a variation between the line excitatation

- ...2 2 . 2 2• functions, that correspond to transitions ( S112- n P112 
(black discs) and 7 S1~2~n P3/2

(the curve 5 Fig.2 could not have been measured according to electron energy above 15 eV

because of the effective excitation of the equivalent ion wave line 1~ = 5153 A .The
curve 7 pertains to the total intensity of the complex doublet of the seventh part).

2
The line intensity that corresponds to a transition from the upper n P

1~,2 
level, be—

yond the maximum excitation sh’~p1y decreases in a relatively narrow energy interval

( to 15 eV beyond the threshold), after which there may be observed a nonsignificant

change in the intensity up to 150 eV. At the same time, the line intensity which corres-
ponds to the transition from n2P

3~2 
level, monotonically decreases beyond the maximum

excitation, and only beginning from 3O—’4O eV the degree of droppin~~ecomes insignifi-
. 2

• cant, as in a ca~e of doublet component with a n P1,2 upper level.

For the lines of the sharp series (Fig. 3) characteristic are the excit..-tion functi-
ons of doublets of the seconds third, and fifth part (curves 2,3,5). They , as well as
the lines of the main series~ are characterized by two clearly defined maxima in the

vicinity of the excitation threshold (table). Beyond these max ima there may be noticed

a c.rop which deepens slightly and is contained in the region of L.~gher energies at the
transition from the second to the fifth part of the series (table). Further on the cur-

ves there are wide maxima , the beginning of which is also placed, and the width incre-
ases at the transition to higher parts of the series (table) . The ordinate of the cur-
ves in the region of the wide maximum do not exceed the values shown in Fig. 3 in the
region of 30 eV. As the electron energy increases, so accordingly the line intensity
very slowly decreases beyond the wide maximum. In the region of 150 eV they are 85%,
in the region of 300 ev they are 75% of the intensity value Cvt the wide maximum.

Alternate from the excitation function of the second, third, and fifth part, the
excitation function of the resonant lines are characteristic of wide maximum in the
region of 10—15 eV. Analogous phenomenon was observed in a case of atonies of alkaline
metals (1,7). In addition to the basic maximum at the output part of the curve 1 (Fig.

3) well constructed are not large maxima at 7.0 and 8.5 ev.
As for an anomalous appearance of the excitation function of the fourth part (curve

4, Fig.3) and its derivation, as it was previously said~ relative to the excitation
function of neighbouring parts of the sharp series

,
it is connected with the excitation

of one of 6s—electrons (8). The curve 4 Fig.3 reconstructs excitation functions of
a doublet component~~..=22].2 ~ (6s~6p~P1/, — 6s6p~~~~ 2

) and A = 2672 ~ (6s26P2P9/2 —

6e6p P
1/2
), which appear at the eicitation of 6s—electron and at its transition into

higher 6p—state. This happens as a result of mixing of two states 6s6p24~~2 and 6s
210

4 ,
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s’ S1 , wherein tli~ effectivene ss of state e\citation 1 which is :&ccount:tb. 1 for a dou—I 9
blo t ~ .‘. ‘.L’ — - b7.~ A, several times e\Ceed the e~ citat ion ef fec tivon t’s. . , - t : t t s that

corresponds to the fou th part of the sharp series ‘A . ‘.-o8 — - t

We shall also remark, that the c’.~citation functions of coinponsnts of all sharp

serie dublets are identical . The san1~’ is also characteristic for exc i ta t ion  functions

of diffusion series lines, which are characteristic by a common upper n ’ D~/ 
level

(Fig.4) .  At the saint-’ time, the excitation functions of l ines that correspond to tran—

sitions from the n ’ D~/ .  and n D 51, •l ev ej s , vary sharp ly. If in the f i rst  place the e~ ci—

tation functions :u-e characteristic of a very wide maximum in the region of t~O—1OO

th en in bnother c:n;e they are characteristic of a sharp maximum near the e -  citat iO ’~

threshold. This d i f fe rence  j s i l lustrated by the curves .1 and ~ Fig. + , w ich relate

to the l ine ol’ the firs t part of the diffused series )
~ - 5 ”-) A (( -  P . —1 ’ D.~/

) and
S5I 0  (~ P . ,~ —6 ’ D~ • ,) .  The author of work (9) states , that the relations between

the intensities 01” these lines at electron energies of 15, ‘0 , and ‘O eV are the same.

~ven though this statement is close to the truth, it cannot be regarded as correct one
for any sort of energy . As it comes out from our~measurements , iii a region of small
energ ies ~, to 15 e~~ relations between the intensities of these lines are dif ferent

In connection with a small sp.i it of subievell s ii ’ 1)
3/ 

and n’ D5/ , beginning with
the third part of the diffusion series there were recorded total line intensities that
correspond to the t ransitions of these levels ( at equal n )  to a common h P~ ,, level .
However 1 since the excitat ion functions of such total lines are characteristic of sharp

maximum (Fig.5) , then, perhaps, the basic part of intensity falls on the i~~~~~~~~
’
~~ r—

responds to the transitions of (- ‘ P - , — n ’ D - ,. Ofl c~ 4~~~”~~functions of lines of theV.- , 5 .
.fiy~f two parts j

~, 
= •~5l9 (es ’ P~~~—t

’ D~ ~) and = . ‘9J~ A (6’ P~/ .~7 D~/
) , in measure—

ing of which influence of the neighbouring spectral lines  was eliminated1 a second m axi—
muss clearly shows beyond the basic maximum.

I
In this way , secondary maxima are noticed in the region of 6—9 e~ (table) on the

characteristic excitation functions of all series h u e s  with the exception of the diffu-
sion series .1 ines 1 which correspou/iransitions ( ‘ P~~,,—n ’ D~~,,(Fi g.~~). It is possible,
that these maxima are conditioned by a presence of contained thermal springs , which
appear with the e’~citation of one of the (-s—electrons and its transition into higher

~p— st n t e  (energy of these therins are equal to ~~~ 6. .1~’, (- .57~ ‘.7, ~~
. ~ correspon-

dingly (10). h~ add ition to these leve l,’, above the ionization p~tential of thallium,
there are two contained then~s at ~~~~ and 1.’ eV, which correspond to the excitation of
One of the valent t~s— e l e ctrons and i t t -  t : -  ‘~~tion into higher 7s—state. Perhaps , the
breaks in the region l0-l~ ev On the functional curves of the diffusion series excita-
tion l ines  are stipulated by these these leveln (Fig.5). As it ~heu:1d have been expec-
ted , these breaks appear stronger at the t ransition to higher parts in the s ’ries .

Analogous picture was observed by us can er at the study of Cesium atom (7).

4
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