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EXPERIMENTAL STUDY OF EXCITATION FUNCTION
FOR THALLIUM ATOMS
by
L.L. Shimon, E.I. Nepiypov 4 I.P. Zapisochn/ ¢/

¢

The effective crosqgctions and excitation functions of atoms of the first and
second group of metals in the D.I. Mendelyéév (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 (3,4). 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 the
range of low spectral sensitivity of radiation detectors. In order to increase the radi-
ation intensity of a shocked volume we applied a method of é:;g:;%illed celly which
was previously used in studies of metals characterized by relatively high g:zsﬂg’elas-
ticity (6).

&oti11ed cell (Figure 1) consists of thoroughly warmed cofluence 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 ::;fcompletely eliminated. The space between the in-

put to the electron receiver and the chamber as well as the openings of anodes were
2] #
used simultaneously for pumping out the xaﬁg;;?illed cell.
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The whole system of the vapewrfilled cell with the electron gun was arranged in

a vacuum chamber wherein under operating conditions the residual gases pressure did
not exceed .2-10“6 torr.

Our measurements were conducted at vaour thallium pressures of p=(1-5)-465*'t0rr

and electron current densities of j=2-10-h - l‘lO_3 Atm/cma. Previously, thorough a

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

of pressure on the appearance of the excit¥tion 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.Tnus, all the measurements were perfor-

med at conditions of a single electron atom contact. In this, the interval of nonhgmo-
, genuity of electrons according to energy, was 1.5 gﬁ for

/ﬁggajv 90% of iifctron rays in the reii%& of electron energy

of 3-50 &% and incresed to 2.5ew with the increase of

e V.
the electron energy to 200-250 «@¥.-
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The intensity of spectral lines was recorded by a

photoelectric method by means of FEU-18A and FEU-79
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Fig.l. Schematic crossection of vacuum chamber: 1l- remov-
able flange, 2- ceramic insulator, 3- electron receiver

bar, 4- protective screen, 5- water conditioner, 6- con-

tact chamber, 7- electron receiver, 8- accelerating elec-

trode, 9- pull out electrode, 10- Wathode,
:i B:: 11- metallic thallium reservuar, 12- thermovapor, 13-

vacuum chamber body, l4- water cooling, 15,16- electri-

cal inputs.

with further amplification of of the photoelectric current by a 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 appearanceyand less frequently in the reg.-.
ons of great enrgies. In this, the error of the relative linemeasurements , which are
the most difficult to record, 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. EBach curve is an averaging result of several measuregents.

Figure 2 shows excitation functions of main series lines. As it is seeny the spec-

tral lines' intencities increase over 1-2 gahafter the excitation threshold (table).

In addition to the basic maximum, a second maximum in the region of 7.8-8.6 sgkappears
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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 =
2 2
6539 A (7 31/2 -8 P1/2’3/2)° In the example of the most properly measured curves 1&2,
as well as 3&4+ (Fig.2) it is seen that there is a variation between the line excitatation

functions, that correspond to transitions 7251/2- nZPl/2 (black discs) and 728

2
/278 Pz/n
(the curve 5 Fig.2 could not have been measured according to electron energy above 15 AI
beqause of the effective excitation of the equivalent ion wave line A = Hl6% K .The
curve 7 pertains to the total intensity of the complex doublet of the seventh part).

The line intensity that corresponds to a transition from the upper nZPl/2 level, be-
yond the maximum excitation sh%ply decreases in a relatively narrow energy interval

( to 15 e\’beyond the threshold), after which there may be observed a nonsignificant
change in the intensity up to 150 e‘/ At the same timey the line intensity which corres-
ponds to the transition from n P

3/2

excitation, and only beginning from 30-40 QV the degree of dropplnégecomes insignifi-

levely monotonically decreases beyond the maximum

canty as in a cate of doublet component with a n2P1/,2 upper level.

For the lines of the sharp series (Fig. 3) characteristic are the excit:tion functi-
ons of doublets of the second, 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 maxima there may be noticed
a crop which deepens slightly and is contained in the region of l.igher energies at the
transition from the second to the fifth part of the series (table). Further on the cur-
ves there are wide maximm , 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 ragion of %00 ev they are 75% of the intensity value (a 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 ebﬁ Analogous phenomenon was observed in a case of atomes 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 maxime at 7.0 and 8.5 ev.

As for an anomalous appearance of the excitation function of the fourth part (curve
by 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 exc1tat10n functlons of
a doublet component)) 2212 X (6s 6p P g 656p%§/2) and A = 2672 A (6s 6p /2 -
656p Pl/z)' which appear at the elcltatlon of 6s-electron and at its transition into

higher 6p-state. This happens as a result of mixing of two states 656pagl/2 and 65210

4 ¥
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v o8 sl/‘ ¢ wherein the 0f100t1v0n0vu of state excitationy which is accountable for a deu-
blet £ = 2212 - 2672 A, several times exceed the excitation effectiveness state that
corresponds to the fouth part of the sharp scrlms'A = 2208 - 2666 ti
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We shall also remark, that the excitation functions of components of all sharp
series dublets are identical. The same is also characteristic for excitation functions
of diffusion series lines, which are characteristic by a common upper n)D 3/0 level
(Fig.4). At the Unmo time, the excitation functions of lines that correspond to tran-
sitions from the n’ D 3/0 and n' DS/D levels,y vary sharply. If in the first place the exci-

ation functions are characteristic of a very wide maximum in the region of 60-100 ebﬂ

then in é@nother case they are characteristic of a sharp maximum near the excitation

threshold. This difference is illustrated by the curves 1 and 3 Fig. by w'ich relate

to the llnc of thc first part of the diffused series h =3529 A (6 ) and
A-ss19% 6P P, /076

the intensities of these lines at electron energies of 15, 20 4, and 30 L‘/ﬁre the same.

-"'b D;/\

D /- )« The author of work (9) states, that the relations between

Even though this statement is close to the truth, it cannot be regarded as correct one
for any sort of energy. s it comes out from ourymeasurements, in a region of small
energies (to 15 oVb relations between the 1nten01tlcu of these llnL\ are different .
In connection with a small split of sublevels n' DB/S and n' D5/R s beginning with
the third part of the diffusion series there were recorded total line intensities that
correspond to the transitions of these levels ( at equal n) to a common bDP; level.

Howevery since the excitation functions of such total lines are characteris tlc of sharp
/L’

maximum (Fig.5), then, perhaps, thu buulc part of 1ntenulty falls on the 11no cor-
c‘,s@« Lt nad
responds to the transitions of 6 P 3 /2" -n’ DS' . On e'e ‘ticn functlon‘ of lines of the

fivst two parts A = 3519 X (6 3/ 6‘"D and % 2918 A (6 P_/ ,—? s/ ), in measure-
ing of which influence of the n01ghbour1ng spectral lines was eliminatedy a second maxi-
mum clearly shows beyond the basic maximum.

In this way, secondary maxima are noticed in the region of 6-9 eui(tablo).on the

| characteristic excitation functions of all series llne with the exception of the diffu-

sion series lines, which corroupog;(franoltlonu 6' P</ -nsD 3/2 (Fig.4#). It is possible,
that these maxima are conditioned by a presence of contained thermal springs, which
appear with the excitation of one of the Gs-electrons and its transition into higher
bp-state (energy of these therms are equal to 5.6, 6.17, 6.57, 7.7, 8.3 o*/corr\vpon—
dingly (10)« In addition to these levels above the ionization qﬁ%cntlal of thallium,
there are two contained therms at 9.4 and 10 ev, which correspond to the excitation of
one of the valent Gs-electrons and ite tra «ition into higher 7s-state. Perhaps, the
breaks in the region 10-1% ev on the functional curves of the diffusion series excita-
tion lines are stipulated by these these levels.(Fig.5). As it shenld have been expec-
ted, these breaks appear stronger at the transition to higher parts in the series.
Analogous picture was observed by us earler at the study of Cesium atom (7).
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2 o/lle 7S;.4 .\'—‘Pll._. 5,12 6,0, 6,7, 7,8
6H39 :'-‘.\‘I 2 N"PJ o 5.17 6,5; 7,0; 8,‘
3 1586 73815~ 5,50 70081
1520 7Sy 9P,y 5,52 7.2 8.2
14 5138 *8,,—100P, , 5,69 7.3:.8,2
11 7'S,,9-101Py 5,70 7,3 8,6
) 1908 'iR\‘, Ilfl’m 5,80 7,4; 8,6
1892 78,y 113Py 5,81 1
7 4679 8,9 l;i'-'l’l'..,' 39 5,93 7,0, 8,3
1 3775 6P, 4728, 9 3,08 7,0, 8,5 10 15
8350 62Py 7155
2 2580 6%P, , 828, , 4,8 6,5, 7,8: 20--30
3000 62 Py, 835, s
] 3 826 63Py3,0-9%8) 0 5,35 6,8: 8,0, 25 60
4 206 6*P,,, 10°S, q 5.61 7,3; 18,7
066 6°Py - 10°S, ,
5 2085 6*Py 0 -11%8, , 5,76 7.6; 8,4; 28 -70
! 2767,8 6*P, ., D, , 1,47 |60 100
i 1529, 4 6Py, 6D, , 1,47 60100
519,2 6Py, 6D, 4,48 7.0, 8,4
: 2 0379,6 6P,y -T2Dy o 5,20 60100
9215 62P, 47Dy 5,20 60100
2918, 2 6P, 72D, ,, 5,21 (i
3 237,8 6P,y D, 553 |60 100 |
2709, 2 6Py 0 82D, 5,53 8,0 '
2710,7 6Py, 82D, , 5.5 3
{ 2009, 8 6Py 0 — 9Dy, 5,71 8.0 & |
2608,9 6Py , 9D, , 5,71
5 2553,0 6P, , 10:D, , 5,82 7.5
2352,5 6Py, 102D, 5,82
6 9516, 7 6Py o 112D, 5,80 8,0
2517 .4 6Py — 112D, 5,80
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