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Abstract t The spectrum of the four-times ionised tantalum (Ta V) has been 
analysed in 478-2504A spectral region. From the 117 observed lines in this 
region, a system of 56 energy levels of Ta V was deduced which includes 41 new 
excited levels found in the present study. The new levels of 4 P * n l  system are 
with (n) / =  (9,10)s, (7,8,9,10)p, (7,8,9,10)<f, (6,7,8,9,10)f, (6,7,8,9,10)f,
(6,7,8,9,10 11,12)h and (9 ,1 0 .1 1 ,1 2 ) 1 : the doublet term system is found for 

rK/(’D„„„„), /if(’Fa,„„,) except for 9<) and 104. The splitting of 
”C, ’‘ H  and ”> terms could not be observed.
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I . Introduction

The spectrum of four-times ionised tantalum (Ta V) has been investigated earlier 
by Meiier and Klinkenberg (1973), Sugar and Kaufman (1975, 1979), Kaufman and 
Sugar (1976). The ground term of Ta V (Ta*+) ion is 5p®4f^*5d®D, obtained by 
the ionization of both the 6s and two 5d  electrons from tantalum atom. The 
one-electron spectrum will, therefore, be produced by the excitation of 5d electron 
to one of the optical levels nl. It is expected from the experience of the analogous 
fifth spectra that some levels of an odd three-electron configuration, like 4 f ‘ ®5d* 
obtained by the excitation of an internal 4f electron, would perturb some of the 
np or nf levels of the one-electron system.

The isoelectronic sequence of this spectrum starts from the element Tm  (Z = 6 9 ) 
because the 4f orbital crushes down from there onwards only. Ck>mparison with 
the data available on a few lower levels of the sequence has been made by Meijer 
and Klinkenberg (1973). Despite the additions by Sugar and Kaufman (1975, 
1976, 1979), the knowledge of the spectrum of Ta V remained fragmentary. We 
have, therefore, analysed this spectrum in an extensive manner with the help of 
spectrograms recorded earlier in Lund University, Sweden.

Z. Experinfient
For exciting the Ta V spectrum a sliding spark source, under about 8 KV, with an 
alumina spacer (Rahimullah et al 1980) was used. The 3-m normal incidence
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Table I .  C la s s if ie d  l in e s  o f  T a  V .

3 4 3

W a v e  length

(A)» Intensity^ Wave number 
(cm“0 Classification

4 7 8 .3 0 7  ( M K ) 6 209071 S d

4 9 3 .0 7 4  ( M K ) 6 20 2 8 0 9

4 9 3 .8 8 4  ( M K ) 4 202477 5 d  5 f > F . „

6 4 5 .9 7 0 4 1 5 4 8 0 6 7 d * D . „

7 6 2 .4 2 6 2 1311 6 0 Ts — 1 op *P(,J
7 8 2 .4 0 3 2 127811 6d ’‘0 . , , - Q f ’ F . , ,

7 9 7 .6 5 2 3 1 2 5 3 6 8 6d - f , , .

8 0 8 .8 9 8 1 1236 2 5

8 1 1 .1 3 0 3 1 2 3 2 8 5 7? ~ O f '"̂ 7̂/a

8 1 9 .5 3 2 d 122021 9d ’'D.,a..,a - 5 f f 7 „

8 2 9 .2 6 9 1 120 5 9 0 9 p ’ F . , a - 6 d  ' 0 , „

8 4 1 .3 1 5  ( M K ) 6 118 8 6 2 6p • P . „ - 5 d  » D . „

8 4 2 .9 0 2 d 1 1 8 6 3 8 9P ’ P . ; a - 6 d  * D . , ,

8 6 4 .6 8 8 2 1 1 5649 6d

8 7 9 .0 5 2 1 1 1 3 7 5 9 6d • D . , . - 7 f  » F „ .

8 7 9 .5 5 2 1 1 1 3 6 9 4 6d • D „ a - 7 f F . „ .

8 8 2 .1 5 0 d 1 1 3359 7s ’ S . „ - 9 p

8 8 7 .4 9 4 5 112677 7s • S . „ - 9 p > P . „

8 9 0 .8 7 4  ( M K ) 18 1 1 2249 6p ' P . „ - 5 d

8 9 1 .3 2 4 3.5 1121 9 3 7p * P . „ - 1 0 d  • D . ,a , .„

9 4 7 .3 0 2  ( M K ) 21 1 0 5563 6 p * P , , ,  5 d » D , „

9 6 8 .7 8 4  ( S K ) 3 1 0 3 2 2 2 6 g » G 7 „ - 5 f F , „

9 7 2 .0 8 4  ( S K ) 3 .5 1 0 2 8 7 2 6 g * G , „  5 f F , „ ,

9 8 9 .6 1 2 3 10 1 0 5 0 8d > D „ , - 5 f ' F . „

9 9 0 .3 2 4  ( M K ) 12 1 0 0 9 7 7 7s *S|,a -  6p *P 1/a

9 9 1 .9 1 0 d 1 0 0 8 1 6 8d ’ D „ a - 5 f » F . , a

9 9 2 .9 9 3 2 1 0 0 7 0 6 8 d > D . , . - 5 f F 7 , a

1 0 1 2 .2 7 8 d 98787.1 1 0 s « S , „ - 7 p  ’Pa„
1 0 1 6 .3 7 9  ♦! 3 5 9 8 3 8 8 .5 7p ’ P , „ - 9 d

1 0 6 6 .6 6 5  ( M K ) 21 93750.1 6p • P .„  -  6d ' D . , .

1 0 9 3 .6 7 6 2 9 1 4 3 4 .8 8 p * P „ . - 6 d  * D „ .

1 1 1 3 .2 7 2 1 8 9 8 2 5 .3 8p • P . „ - 6 d  •Da.a

1 1 1 7 .6 4 8 1 8 9 4 7 3 .6 8p ' P t , 9 - 6 d * D , „

1 1 3 3 .3 6 4 4 .5 8 8 2 3 2 .9

1 1 4 0 .4 9 8  ( M K ) 1 3 .5 8 7 6 8 1 .0 7s • S ^ . - e p ' P . , ,

1 1 8 5 .2 1 4 3 .5 8 4 3 7 2 .9 1 0 ? ’ G „ . . a „ - 6 f * F , „
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Table 1. (Contd.)

W a v e  length 
C A )«

Intensity^ W a v e  n u m b e r 
( c m “”0

Classification

1 1 8 7 .1 1 9  * 2 4 .5 8 4 2 3 7 .6 1 0 2  *^7,.*./."* 6 f  *^7/9

1 1 8 7 .6 4 2 3 8 4 2 0 0 .5 7 s » S , „ - 8 p » P . „

1 1 9 7 .9 9 7 d 8 3 4 7 2 .7 52 *^»/9 “ lOh  ̂1,

1 2 1 0 .8 1 4 d 8 2 5 89.1 7s *Si,9 & P  1̂ 9

1 2 1 3 .4 2 4  ( M K ) 1 1.5 8 2 4 1 1 .4 6 ;> ' D . , ,

1 2 1 6 .0 2 2 1 8 2 2 3 5 .4 7 d

1 2 2 6 .0 3 0 1 8 1 564.1 7 d  » D . „ - 1 0 f » f . , 9

1 2 3 2 .1 9 3 3 81156.1 7d " D » „ - 1 0 f * F 7 , 9

1 2 4 3 .0 0 3  ( M K ) 1 0 .5 8 0 4 5 0 .3 6 p * P .,9 - 6 i  ‘ D , , .

1 2 8 3 .6 8 2 9 7 7 900.91 6 d • D . „ - 6 f F . , 9

1 2 8 4 .2 7 4 d 7 7 8 6 5 .0 92 7/9* 9/ 9 “ 5r
1 2 8 6  4 2 9 1 7 7 7 3 4 .6 92 *^7/9»9/9 5 f  *F7/9

1 2 8 9 .0 2 9 1 7 7 5 7 7 .8 9s ■*S|y9 ~ 7 P *P 1/9

1 3 0 1 .4 9 4 5 7 6 8 3 4 .8 7p *Fi/9 " ' 8 d *Oj|/9

1 3 0 2 .2 3 5 4 .5 7 6 7 9 1 .1 5g * G 7 / , - 1 0 f  «F i/ ,

13 0 9 .1 4 5 9 7 6 3 8 5 .7 52 ‘ G . / , -  l O f ' F , , ,

1 3 0 9 .2 3 3 6 7 6 3 8 0 .6 5 2 * G „ 9  1 0 f * F „ 9

1 3 1 4 .4 7 4 4 76076.1 6 d 6 f  *F7/9

1 3 1 6 .7 7 5 2 75943.1 6 d 6 f - F . „ /

1 3 6 9 .5 1 0 3 .5 7 3 0 1 8 .8 9s “S./9 - 7 P ^ P „ i

1 3 7 9 .0 6 6 2 7 2 5 1 2 .8 7p “F , / i - 8 d

1 3 8 3 .5 6 6 2 7 2 2 7 7 .0 7p “F „ i  - 8 d “ D .,/

1 3 9 2 .5 4 5  ( M K ) 1 8 .5 7 1 8 1 1 .0 6 s " S i , i -  6 p » F 9, i

1 4 2 2 .0 0 6 3 7 0 3 2 3 ,2 7d 9 f  *F.,.,

1 4 3 5 .7 1 6 3 6 9 6 5 1 .7 7d '‘D , / 9 - 9 f  *F,/9

1 4 4 1 .6 1 2 * 3  ( S K ) 7 6 9 3 6 6 .8 52 ^ G „ 9 - 5 f  =‘F,/9

1 4 4 7 .5 6 5 3 6 9 0 8 1 .5 7d " D . , i - 9 f  * F „ i

1 4 4 8 .9 1 9  ( S K ) 10 .5 6 9 0 1 7 .0 5g '*G7/9 — “F7/9

1 4 4 8 .9 9 5  ( S K ) 15 6 9 0 1 3 .5 52 ^G./a — 5 f  ■'F7/9

1 4 5 4 .0 3 6 2 68774.1 8 2  “̂ Gi 1 9 , 9 / 9  6 f  *̂F6 / 9

1 4 5 6 .8 1 3 1 3 .8 6 8 6 4 3 .0 82 *'*G7/9,9/9 —6f *F7/9
1 4 69.641 3 .5 6 8 0 4 3 .8 52 ■*G9/9 — 8/1 * F f . / 9 , i i / 9

1 4 6 9 .8 0 2  #3 16 6 8 0 3 6 .4 lO d  ’'D ,/9 .„9 -6 f=* F »/9

1 4 7 2 .6 6 8 3 6 7 9 0 4 .0 1 0 d ’‘0«/9»s/9 — 6 f  *F7/9

1 5 4 1 .4 7 3 5 6 4 8 7 3 .0 52 ’' C , / 9 - 9 f ’■F./9

1 5 4 5 .5 0 2 1 6 4 7 0 3 .9 1 0 p - f „ 9 - 7 d  « D ,/9
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Ta ble  I. ( C o n t d . )

3 4 5

W a v e  le n g th

(A )»
In ten sity^ W a v e  n um be r  

( c m " 0 C la s s if ic a t io n

1 5 4 8 .2 5 9 1 645 8 8 .7 ~  7d  > 0 . ; “  5 f ^ „ ,

1 5 5 2 .1 2 2 1 6 4 4 2 7 .9 * 0 . , ,

1 5 5 5 .0 0 9  * 3 9 6 4 3 0 8 .3 5 g * G , „ - 9 f - F , „

1 5 5 5 .1 2 8 2 6 4 3 0 3 .4 5 g  “G „ . - 9 f

1 5 5 6  5 5 3 4 6 4 2 4 4  5 7d  “D , „ - 5 f » F „ .

1 5 6 1 .7 7 0 2 6 4 0 2 9 .9 1 0 F » P . „ - 7 d

1 5 6 4 .4 9 8 3 6 3 9 1 8 .3 7<f »F„„

1 5 8 5 .2 9 5 3 6 3 0 7 9 .8 8s ^ S , „ - 1 0 p  ’ F ,,,

1 5 9 2 ,2 21 d 6 2 8 0 5 .4 8s > S . , . - 1 0 p  *P ,,,

1 7 0 9 .1 3 9  ( M K )  2 4 5 8 5 0 9 .0 6s ’ S . „ -  6p « P .„

1 7 2 4 .2 7 5 3 .5 5 7 9 9 5 .4 6 g * G „ , ,  1 2 h * H ......... .

1 7 4 9 .3 2 6 1 5 7 1 6 4 .9 6h I 12*

1 7 8 2 .1 0 6 1 5 6 1 1 3 .4 8p  > P .„ -1 0 < f

1 8 0 2 .0 9 8 4.5 5 5 4 9 0 .9 7 g  * G „ , . . „ . - 6 f  «F,„.

1 8 0 6 .4 1 4 7 .5 5 5 3 5 8 .3 7 g  *G7,a»p/a 7/ .

1 8 2 0 .8 4 8 3 .5 5 4 9 1 9 .5 5^ *‘*G.,3 7h

1834 .761 3 5 4 5 0 3 .0 6p ^P./ i ~ 1 0<J

1 8 3 9 .0 3 5 3 .5 5 4 3 7 6 .4 6 g  ”G , „ -  11h 'H a , , . , . , ,

1 8 4 3 .9 5 6 3 5 4 2 3 1 .2

1 8 4 7 .3 3 0 9 5 4 1 3 2 .2 7d  ’ D , „  8 f 'F ^ , ,

1 8 4 8 .5 61 3.5 54096.1 9d ^ D „ , „ , „ - 6 f « F 7 „

1 8 6 9 .0 8 7 7 5 3 5 0 2 .0 6h 11 i ‘ f ii/a r

1 8 7 0 .6 2 8 3 5 3 4 5 8 .0 7<f « D „ a - 8 f  *F.,a

1 8 8 7 .7 2 8 1 5 .5 5 2 9 7 3 .7 7d ■ D , „ - 8 f ’ F , „

2 0 1 5 .6 4 0 3 4 9 6 1 2 .0 6 g  * G „ „  - lO h

2 0 50 .081 7 4 8 7 7 8 .6 6h * H . , „ „ „ - 1 0 i

2 0 5 4 .0 7 6 11 4 8 6 8 3 .7 5 g  *G7,a - 8 f ’F . „

2 0 7 4 .5 5 3 20 4 8 2 0 3 .2 5 f  * G „ , a - 8 f  »F..,7

2 0 7 4 .7 5 8 19 4 8 1 9 8 .4 5 g  * G 7 / a 8 f  "F7/3

2 1 3 1 .6 8 6 4 4 6 9 1 1 .2 9p  *P „ 3  7tf »D3,3

2 1 4 4 .8 9 9 3 .5 4 6 6 2 2 .2 lO g  • G , / 3 , . „ - 7 f  >F7,7

2 1 4 8 .1 2 9 1 3 4 6552 .1 l O g  » G , „ . , „ - 7 f  »F7„

2 1 6 2 .6 71 4 .5 46239.1 9P * P .,a -7 < f  •D.,3

2 1 6 3 *2 7 6 8 4 6 2 2 6 .2 9p ®P|/a ” 7d  *Da/3

2 2 0 5 .3 4 9 3 .5 4 5 3 4 4 .3 8d * D „ 3 - 1 0 f  »F„a

2 2 0 7 .9 4 3 1 3 4 5 2 9 1 .0 8 s ®Sj/3— 9p *P8/a
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Table 1. (Contd.)

Wave length 

(A)«
Intensity*' Wave number 

(cm-*)
Classification

2237.407 3.5 44694.6 8 d 'D . „ - 1 0 f

2241.869 3 44605.6 8*

2316.020 3 43177.5 6^ 9h

2341.342 7 42710.5 1 0 s *S,,«-8p *Px,a

2361.346 9 42348.7 6 h —9i *lii/ iM s/2

2432.954 9 41102.3 1 0 s

2492.710 3.5 40117.0 8 ^ ~ 7 f

2496.978 3.5 40048.4 9^ *Ci7,2»o/a “"Tf *F7/a

2503.808 6 39939.2 7#>*^Fu.-7d“D3,,

^Transition originally assigned by—
SK : Sugar and Kaufman (1975, 1976, 1979).
MK : Meijer and Klinkenberg (1973).
Coincident with a line of 
*1  01UX2 
*2  Ta Vi 
*3  Ta IV 
d-doubtful line.

'Intensities are visual estimates of photographic blackening

spectrograph used for recording ths spectrum employed an aluminium coated 
grating. Efficiency of the grating declined for wavelengths shorter than 600A. 
We could, however, prepare a line list for the region 400-2540A using the 
standard procedure described by Rahimullah et al (1980).

Lines of the spectra Ta ll-V III are expected to be present on the photographic 
plate and separation of the ionisation stages is always necessary. We used the 
wellknown technique of introducing extra inductance through copper coils in the 
discharge circuit to vary the excitation conditions. The capacitance in the circuit 
was about 0.5 /iF and the turns of copper coil used were 0 ,2 , 4, 5, 10 and 20. 
A  careful study of the intensity variation of individual lines with different 
inductance values led us to separate the ionization stages involved.

3. Results and discussion
The observed transitions which formed the basis of the present analysis are given 
in Table 1. Intensity of these transitions are given in column 2 and represent 
visual estimates of the photographic blackening. Lines of intensity 1 are so weak 
that thay can admit errors upto O.OSA in their measurement, while the rest of the 
lines are expected to be good to ±  O.OOlA. Lines marked d are still fainter and 
are considered doubtful.
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We started our analysis with the skeleton of 15 levels of Ta V established 
earlier by Meijer and Kilnkenberg (1973) and Sugar and Kaufman (1975. 1976,
1979) and found consistent. As the ns, nd and ng Rydberg series had to be

(n*)
-2

Figure 1(a). Ritz diagram 'for S ,  P  and D term series of Ta V. is quantum 
defect for n , the total quantum number and n * ^ n  Doublet sign of terms is 
omitted.

regular, we extrapolated levels along these series to identify transitions involving 
members upto n = 1 0  (Figures la  and 1b). We then took up np levels with the help 
of ns and nd ; it also yielded a regular series for n=6 -10.

The nf levels were then searched with the help of nd and ng, and it turned out 
that they constitute perturbed series all through. The intervals for 8 f, 9 f  and lO f 
are found inverted, and 9f levels depart from the hyperbola relationship which is 
observed when a series is perturbed by a single term. By using our levels values 
for (5, 6, 7, 8 )f  wo have, however, tried to evaluate position of the perturbing 
levels to be 323267 cm“ *̂ (J=5/2) and 323741 cm"^ (j= 7/2 ) ; these may constitute 
7



a *F term of the 4f'*5d* cotrfiguration. The nf series is plotted in Figure 1b on a 

scale reduced in comparison with la.

We evaluated the series limit from our ng level values by the use of the polariza­
tion formula of Edien (1 9 6 4 ); our value Is in good agreement with 389340 ±  100 

cm~* evaluated by Sugar and Kaufman (1975). The polarization formula was then

348 N asreen  A teqad and M  S Z  C hagh ta i

-1
(n*)

Figure 1(b). Rltz diagram for F, G and H term series of Ta V. S „  is quantum 
defect forn. the total quantum number and n * = n - 8„. Doublet sign of terms 

is omitted.

employed to estimate nh terms. Four terms of ni series (n = 9 -1 2 ) are also found 

through combinations with nh terms in a similar manner. The ng and nh series 
are plotted on a ten times more sensitive scale of S„. The ni series could not be 

plotted as the quantum defects were almost negligible.

In Table 2, we have listed all the 56 levels of Ta V so far known, including 

41 new levels found in the present study. The classification of the 117 spectral 

lines of Ta V  involving these 56 energy levels are given in Table 1. We have 
plotted]all the observed|leveis and transitions between them on a Gr5trian diagram 
in Figure 2. Wavelengths are not marked as they are tabulated in detail (Table 1).
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