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Scandium XIX ion is a member of the isoelectronic sequence of Li-like ions. Numerical coulomb approximation and quantum defect 
theory have been used to calculate energies, quantum defects & transition probabilities, oscillator, and line strengths of Sc XIX ion for 
the transitions ns → mp, np → ms, np → md, and nd → mp Rydberg series. The energies of Sc XIXX ions up to n = 5 are given in the 
NIST database and the literature. We used quantum defect theory and determined the energies and quantum defects up to n = 30. The 
energies and quantum defects of 125 levels are reported for the first time. Sc XIX ion's transition probabilities, oscillator, and line 
strengths were compared with the corresponding values in the NIST database of spectral lines. The NIST database contains data of 
only seventy-six spectral lines. Only six spectra lines have percent uncertainties of more than 10%. The results of the remaining seventy 
spectral lines agree well with the NIST values. Almost 1800 transition probabilities, oscillators, and line strengths are new. 
Keywords: Scandium; Li-like; Rydberg Level; Quantum Defect theory; Transition Probability; Oscillator strength; Line Strength 
PACS: 31.10, +z, 31.15.−p, 31.15.Ct, 31.90.+s, 32.30-r 

INTRODUCTION 
The knowledge of the composition of stars plays an important role in understanding the galaxies. Different stars 

have different compositions of elements, giving different physical and chemical properties to the stars. Scandium, 
Vanadium, and Yttrium are observed in galactical centers [1]. It is believed that atomic diffusion below the superficial 
convection region is the cause of abundance anomalies in AmFm stars. Scandium is a key element to understanding this 
cause of abundance, as it is one of the underabundant elements at the surface of AmFm stars [2]. The nucleosynthesis 
theory and the chemical evolution of the Galaxy of long-lived F and G stars can be understood by scandium abundance [3]. 
The hyperfine structure studies data were used to determine the Scandium abundance in Sun and Arcturus [4]. 

The calculation of the ionization potential of Sc XIX to Zn XXVIII by the R-matrix method was compared with the 
full core plus correlation method. The R-matrix method was also used to calculate the quantum defects of the series 
1s2 nh [5]. An improved theoretical prediction of the g factor of Li-like ions was performed using QED corrections. The 
calculations were compared with three different methods, including QED, and the results were consistent [6]. With the 
help of full-core-plus-correlation, the energies of Li-like Sc XIX to Zn XXVIII ions were calculated for the series 1s2ng 
(n = 5 to 8). An effective nuclear charge formula was used to reduce the uncertainties, and first-order perturbation 
calculations were done to assess the mass and relativistic polarization effects [7]. The energies and fine structure intervals 
of 1s2l2l' for Li-like ions from Ar to U were calculated using the relativistic configuration interaction method. The 
calculations include QED corrections, nuclear recoil effect, and Breit interaction [8]. The g factor of Li-like ions was 
calculated, and the effect of nuclear recoil was evaluated for Z =3 -92; using Breit interaction, the recoil term for two 
electrons is calculated for low and middle Z ions [9]. The energy, electron impact excitation, and transition rates were 
calculated for an isoelectronic sequence of Li-like ions from 21 ≤ Z ≤ 28. The energy and transition probabilities were 
calculated using the General-Purpose Relativistic Atomic Structure Package (GPRASP) for the lowest 24 levels. 
The r-matrix method was used to calculate the excitation rates. The transition probabilities were used to calculate the 
lifetimes of the levels [10]. The spectra of the isoelectronic sequence of lithium are determined using the QED 
approach [11]. The full core plus correlation method is employed to determine the transition energies and the dipole 
oscillator strengths 1s2 2s–1s2 np (2⩽ n⩽ 9) and 1s2 2p–1s2 and (3⩽ n⩽ 9) of lithium-like Sc 18+ ion. The expectation 
values of spin-orbit and spin-other-orbit interaction operators were used to obtain the fine structure splittings of 1s 2np 
and 1s2nd (n≦9). The quantum defects of the above series, as a function of the principal quantum number n, are 
determined. The agreement between the values obtained from three alternative formulae is excellent [12]. 

Compared with quantum defects for high-Z ions, the energy level data recommendation by the screening constant 
is more effective and accurate. The quantum defect converges to a small value as Z increases, whereas the screening 
constant decreases monotonically. The dependency of the screening constant on Z is approximately. 𝑍ଷ for values of Z=10 
to Z=40, and 𝑍ଷ.ହ for values of Z= 40 to Z=70, and 𝑍ସ for 𝑍 > 70. The dependence of the screening constant on 𝑍ଷ could 
be explained in terms of the spin-orbit interaction of the hydrogenic wavefunction in the Coulomb potential [13]. By 
considering the differences between calculated ab initio values of the ionization potentials and the NIST-evaluated for Li 
through the Ar isoelectronic series, new ionization potentials are extracted for several light ions for Z=3 to Z=50. The 
relativistic multiconfiguration Dirac-Fock method has been applied to calculate the ionization energies' ab initio 
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values [14]. Energies of lithium 1s 2s 2S and 1s2 2p2P isoelectronic sequence for values of Z up to Z=40 are calculated 
using a variational method. The oscillator strengths, finite nuclear mass effects, and the associated lifetimes for the 
transitions 1s2 2s2S→1s22p2P are determined for Z up to 20 [15]. The fine structure levels (n≤ 12, 𝑙 ≤ 5) for 𝐶𝑎ଵ଻ା, 𝑆𝑐ଵ଼ା,𝑇𝑖ଵଽା,𝑉ଶ଴ା,𝐶𝑟ଶଵା and 𝑀𝑛ଶଶା and the radiative transition probabilities between them are calculated in the 
multiconfiguration Dirac-Fock scheme [16]. 

 
THEORY 

For non-relativistic calculations of energy and wavefunctions of Li atom and Li-like ions the Schrödinger equation 
in atomic unit in the following forms can be used. 

 𝐻 = ∑ ቀ− ଵଶ ∇௜ଶ − ௓௥೔ቁே௜ିଵ + ∑ ଵ௥೔ೕே௜வ௝  (1) 

The Li atom and Li-like ions, however, can be treated as hydrogen-like if the electrons other than the valence shell 
electron, i.e., the electrons in 1s orbital together with the nucleus, are considered core, around which the valence electron 
revolves. In such case, the radial part of the Schrödinger equation becomes; 

 ௗమோௗ௥మ + ଶ௥ ௗோௗ௥ + 2 ൬𝐸 + ௓∗௥೔ − ௟∗ሺ௟∗ାଵ)௥೔మ ൰ = 0, (2) 

here 𝑙∗ = 𝑙 − 𝛿௡ ,𝑛∗ = 𝑛 − 𝛿௡, 𝛿௡ is the quantum defect and is given as a function of n. The values of 𝛿௡  can be found 
using Quantum Defect Theory. The solution of equation (2) gives the radial wavefunction given by [17-18] 

 𝑅 = ቀଶ௓∗௡∗ ቁ௟∗ାయమ ට ሺ௡∗ି௟∗ିଵ)!ଶ௡∗௰ሺ௡∗ା௟∗ାଵ) 𝗑 exp ቀ− ௓∗௥௡∗ ቁ 𝑟 ௟∗𝐿௡∗ି௟∗ିଵଶ௟∗ାଵ ቀଶ௓∗௥௡∗ ቁ. (3) 

The energy (𝐸௡), corresponds to the principal quantum number' n', is given by the effective principal quantum number' n* '. 

 𝐸௡ = 𝐼 − ோ௓మሺ௡ିఋ೙)మ. (4) 

The value of 𝛿௡ is found by 

 𝛿௡ = 𝑎௢ + ௔భሺ௡ିఋ೚)మ + ௔మሺ௡ିఋ೚)ర + ௔యሺ௡ିఋ೚)ల. (5) 

The coefficients 𝑎௢, 𝑎௢, 𝑎௢, and 𝑎௢ are known as spectral coefficients; the values of these constants depend on the 
nature of the orbital, i.e., penetrating and non-penetrating orbitals and their orbital angular momentum. The values can be 
found with the help of Rydberg levels' first few known energies. 

The transition probability (𝐴௙௜) of a transition between fine levels is given by 

 𝐴௙௜ = 2.0261 𝗑 10ି଺  ൫ா೑ିா೔൯యଶ௟೔ାଵ 𝑆, (6) 𝐸௙ and 𝐸௜ are the energies of upper and lower states; S is dipole line strength and is found by 

 𝑆௅ௌ = ൣ𝐽௙, 𝐽௜ , 𝐿௙, 𝐿௜൧ ൬൜𝐿௙ 𝑆 𝐽௙𝐽௜ 1 𝐿௜ൠ ൜𝐿௙ 𝑙௙ 𝐿௖1 𝐿௜ 𝑙௜ ൠ 𝑃௟೔௟೑(ଵ)൰ଶ. (7) 

The terms in the bracket contain two 6J symbols and the matrix element.𝑃௟೔௟೑(ଵ), which is given by [19-20]. 

 𝑃௟೔௟೑(ଵ) = 𝑙வ < 𝑛௜ , 𝑙௜|𝑟|𝑛௙, 𝑙௙ > = 𝑙வ ׬ 𝑟ଷ𝑅௡೔௟೔𝑅௡೑௟೑𝑑𝑟ஶ௢ . (8) 

Numerical coulomb approximation is used to calculate the matrix element.  
 

RESULTS AND DISCUSSION 
This study was devoted to calculating energies, quantum defects, transition probabilities, oscillator, and line 

strengths Sc XIX ion of isoelectronic sequence of Li-like ions. The energies and quantum defects of ns, np, and nd series 
are given in tables 1-3. The energies are compared with the available data in NIST [21]and Aggarwal's work [10]. A good 
match between calculated and available energies was found. Table 1 gives the energies of the 1s2ns (2S1/2), and 1s2np 
(2P1/2) series, table 2 gives the energies of 1s2np (2S3/2) and 1s2nd (2D3/2) series, and table 3 gives the energies of 1s2nd 
(2D5/2) series. In each table, 1-3, the first, second, and third columns give the principal quantum number, quantum defects, 
and energies determined in this work, the fourth column gives corresponding NIST values, and the last two columns show 
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the energies from Aggarwal et al.'s work. Aggarwal et al. [10] calculations were based on the General-Purpose Relativistic 
Atomic Structure Package (GPRASP).  

Four different series in spectral transition up to n = 20 were considered for calculating TP, OS, and LS of Sc XIX. 
This work presents eighteen hundred & sixty-two transitions in Rydberg ion Sc XIX, whose TP, OS, and LS are 
determined using numerical coulomb approximation and quantum defect theory. The results were compared with the 
NIST values for Sc XIX. Most of the results agree only six transitions differ significantly. Some of the results are shown 
in Table 5. (The complete results are available as a supplementary file on the Journal site.) There are eighteen columns; 
the first column gives the wavelength in Angstrom. Columns 2, 5, and 8 give the transition probabilities, oscillator, and 
line strengths calculated in this work, and columns 3, 6, and 9 give the corresponding values in the NIST database of 
spectral lines. Columns 4, 7, and 10 give the percent uncertainties between this work and NIST values. Columns 11 and 
12 give the energies cm-1 of lower and upper levels, respectively. Columns 13, 14, and 15 show the configuration of the 
lower levels, term value, and angular momentum. The same for the upper level is given in columns 16-18. Most TP, OS, 
and LS are new and not found in the NIST data. 
Table 1. The quantum defects and energies of 1s2ns (2S1/2) and 1s2np (2P1/2) up to n = 3 compared with NIST [21] and Aggarwal [10] 
results 

n QD 

Energy (Rydberg) 

n QD 

Energy (Rydberg) 

This 
work 

NIST 
[21] 

GRASP1 
[10] 

GRASP2 
[10] This work NIST 

[21] 
GRASP1 

[10] 
GRASP2 

[10] 

2 0.149979 0.00000 0.00000 0 0 2 0.122049 2.79489 2.79489 2.80532 2.80715 
3 0.201701 53.28798 53.28798 53.28735 53.25951 3 0.175645 54.04790 54.04790 54.0638 54.03701 
4 0.253260 71.58441 71.58441 71.58356 71.54981 4 0.227392 71.89983 71.89983 71.90314 71.8698 
5 0.304049 79.97183 79.97183 79.97088 79.93505 5 0.283215 80.10133 80.10133 80.1325 80.09689 
6 0.338553 84.55576       6 0.321839 84.61518 84.49369     
7 0.361442 87.31243       7 0.347657 87.34287 87.26398     
8 0.377025 89.08862       8 0.365304 89.10572       
9 0.387991 90.29572       9 0.377754 90.30608       

10 0.395955 91.15158       10 0.386810 91.15826       
11 0.401899 91.77961       11 0.393577 91.78414       
12 0.406444 92.25370       12 0.398756 92.25690       
13 0.409993 92.62017       13 0.402802 92.62250       
14 0.412813 92.90918       14 0.406019 92.91094       
15 0.415090 93.14108       15 0.408617 93.14243       
16 0.416953 93.32995       16 0.410745 93.33102       
17 0.418498 93.48580       17 0.412508 93.48665       
18 0.419791 93.61588       18 0.413985 93.61657       
19 0.420885 93.72558       19 0.415235 93.72615       
20 0.421819 93.81893       20 0.416301 93.81940       
21 0.422621 93.89902       21 0.417218 93.89942       
22 0.423316 93.96826       22 0.418012 93.96860       
23 0.423922 94.02851       23 0.418705 94.02880       
24 0.424453 94.08127       24 0.419312 94.08152       
25 0.424921 94.12772       25 0.419847 94.12794       
26 0.425336 94.16884       26 0.420322 94.16903       
27 0.425706 94.20540       27 0.420744 94.20557       
28 0.426036 94.23807       28 0.421122 94.23822       
29 0.426333 94.26736       29 0.421461 94.26750       
30 0.426600 94.29374       30 0.421766 94.29386       
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Table 2. The quantum defects and energies of 1s2np (2P3/2) and 1s2nd (2D3/2) up to n = 3 compared with NIST [21] and Aggarwal [10] results 

n QD 
Energy (Rydberg) 

n QD 
Energy (Rydberg) 

This 
work 

NIST 
[21] 

GRASP1 
[10] 

GRASP2 
[10] 

NIST 
[21] 

GRASP1 
[10] 

GRASP2 
[10] 

NIST 
[21] 

2 0.117309 3.25691 3.25691 3.28673 3.26772 3 0.160635 54.47620 54.47620 54.50117 54.46362 
3 0.170880 54.18459 54.18459 54.206 54.206 4 0.212962 72.07298 72.07298 72.0855 72.04777 
4 0.227118 71.90314 71.90314 71.96299 71.96299 5 0.268387 80.19246 80.19246 80.22533 80.1875 
5 0.263005 80.22533 80.22533 80.16309 80.16309 6 0.327832 84.59393 84.59393     
6 0.284901 84.74466 84.49369     7 0.374674 87.28304 87.28220     
7 0.298813 87.44921 87.26398     8 0.409372 89.04100 88.97718     
8 0.308083 89.18812       9 0.434988 90.24765       
9 0.314530 90.36930       10 0.454152 91.10862       

10 0.319178 91.20707       11 0.468743 91.74288       
11 0.322632 91.82228       12 0.480053 92.22280       
12 0.325265 92.28711       13 0.488970 92.59428       
13 0.327316 92.64675       14 0.496110 92.88747       
14 0.328944 92.93065       15 0.501906 93.12279       
15 0.330258 93.15865       16 0.506672 93.31446       
16 0.331332 93.34450       17 0.510633 93.47259       
17 0.332222 93.49797       18 0.513961 93.60456       
18 0.332967 93.62616       19 0.516781 93.71581       
19 0.333597 93.73433       20 0.519191 93.81046       
20 0.334134 93.82645       21 0.521267 93.89163       
21 0.334596 93.90553       22 0.523066 93.96178       

22 0.334996 93.97392       23 0.524636 94.02280       
23 0.335345 94.03347       24 0.526014 94.07621       
24 0.335651 94.08563       25 0.527230 94.12322       
25 0.335921 94.13158       26 0.528308 94.16482       
26 0.336160 94.17227       27 0.529268 94.20181       
27 0.336373 94.20847       28 0.530127 94.23483       
28 0.336563 94.24082       29 0.530898 94.26444       
29 0.336734 94.26984       30 0.531593 94.29109       
30 0.336887 94.29598                   

Table 3. The quantum defects and energies of 1s2nd (2D5/2) up to n = 3 compared with NIST [21] and Aggarwal [10] results 

n QD 

Energy (Rydberg) 

n QD 

Energy (Rydberg) 

This work NIST 
[21] 

GRASP1 
[10] 

GRASP2 
[10] 

This 
work 

NIST 
[21] 

GRASP1 
[10] 

GRASP2 
[10] 

3 0.159346 54.51265 54.51265 54.54433 54.50651 17 0.50956 93.47275       
4 0.212198 72.08209 72.08209 72.10374 72.06586 18 0.51286 93.60469       
5 0.268387 80.19246 80.19246 80.23467 80.19676 19 0.51565 93.71593       
6 0.327832 84.59393 84.59393     20 0.51805 93.81056       
7 0.374496 87.28343 87.28220     21 0.52010 93.89172       
8 0.409006 89.04154 88.97718     22 0.52189 93.96186       
9 0.434462 90.24819       23 0.52345 94.02287       

10 0.453495 91.10911       24 0.52481 94.07627       
11 0.467982 91.74330       25 0.52602 94.12328       
12 0.479210 92.22316       26 0.52709 94.16487       
13 0.488060 92.59458       27 0.52804 94.20185       
14 0.495145 92.88772       28 0.52889 94.23487       
15 0.500897 93.12300       29 0.52966 94.26448       
16 0.505625 93.31464       30 0.53035 94.29113       
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Lifetimes of Sc XIX Rydberg Levels 
The lifetime of the ns, np, and nd & some f and g upper levels of the Rydberg series are also determined using the 

transition probabilities. All possible transitions from the level are considered to calculate the lifetime of an upper level; 
the lifetime is the reciprocal of the sum of all the transitions from the upper level, i.e.  

𝜏௝ = 1∑ 𝐴௝௜⬚௜  

One thousand eighteen hundred and sixty-two transition probabilities were used to calculate the lifetimes of ninety-
six levels belonging to ns, np, and nd series up to n = 20. The lifetimes were compared with the work of 
Aggarwal et al. [10]. Out of twenty-one lifetimes, twenty lifetimes have percent uncertainties less than 0.1%. Only one 
lifetime differs significantly. 
Table 4. The lifetimes of the ns, np, nd, some f, and g Rydberg levels of Sc XIX ion 

Configuration 

Lifetime (s) 

Configuration 

Lifetime (s) 

Configuration 

Lifetime (s) 

This work Aggarwal 
[10] This work Aggarwal 

[10] This work Aggarwal 
[10] 

1s2 3s (2S1/2) 8.714E-13 8.86E-13 1s2 16p (2P1/2) 1.636E-10  1s2 11d (2D3/2) 4.248E-12  

1s2 4s (2S1/2) 1.301E-12 1.31E-12 1s2 17p (2P1/2) 1.860E-10  1s2 12d (2D3/2) 5.185E-12  

1s2 5s (2S1/2) 2.097E-12 2.07E-12 1s2 18p (2P1/2) 1.722E-10  1s2 13d (2D3/2) 6.227E-12  

1s2 6s (2S1/2) 3.654E-12  1s2 19p (2P1/2) 1.443E-10  1s2 14 (2D3/2) 7.391E-12  

1s2 7s (2S1/2) 6.683E-12  1s2 20p (2P1/2) 1.190E-10  1s2 15d (2D3/2) 8.695E-12  

1s2 8s (2S1/2) 1.287E-11  1s2 2p (2P3/2) 4.459E-10 4.46E-10 1s2 16d (2D3/2) 1.016E-11  

1s2 9s (2S1/2) 2.665E-11  1s2 3p (2P3/2) 3.454E-13 3.52E-13 1s2 17d (2D3/2) 1.179E-11  

1s2 10s (2S1/2) 6.079E-11  1s2 4p (2P3/2) 5.771E-13 5.93E-13 1s2 18d (2D3/2) 1.362E-11  

1s2 11s (2S1/2) 1.477E-10  1s2 5p (2P3/2) 1.021E-12 1.00E-12 1s2 19d (2D3/2) 1.565E-11  

1s2 12s (2S1/2) 2.667E-10  1s2 6p (2P3/2) 1.769E-12  1s2 20d (2D3/2) 1.788E-11  

1s2 13s (2S1/2) 2.256E-10  1s2 7p (2P3/2) 2.993E-12  1s2 3d (2D5/2) 1.135E-13 1.16E-13 

1s2 14s (2S1/2) 1.438E-10  1s2 8p (2P3/2) 4.995E-12  1s2 4d (2D5/2) 2.642E-13 2.70E-13 

1s2 15s (2S1/2) 9.876E-11  1s2 9p (2P3/2) 8.319E-12  1s2 5d (2D5/2) 5.113E-13 5.19E-13 

1s2 16s (2S1/2) 7.566E-11  1s2 10p (2P3/2) 1.397E-11  1s2 6d (2D5/2) 8.823E-13  

1s2 17s (2S1/2) 6.331E-11  1s2 11p (2P3/2) 2.381E-11  1s2 7d (2D5/2) 1.378E-12  

1s2 18s (2S1/2) 5.671E-11  1s2 12p (2P3/2) 4.108E-11  1s2 8d (2D5/2) 1.976E-12  

1s2 19s (2S1/2) 5.362E-11  1s2 13p (2P3/2) 6.987E-11  1s2 9d (2D5/2) 2.660E-12  

1s2 20s (2S1/2) 5.303E-11  1s2 14 (2P3/2) 1.088E-10  1s2 10d (2D5/2) 3.422E-12  

1s2 2p (2P1/2) 7.107E-10 7.10E-10 1s2 15p (2P3/2) 1.389E-10  1s2 11d (2D5/2) 4.264E-12  

1s2 3p (2P1/2) 3.401E-13 3.44E-13 1s2 16p (2P3/2) 1.397E-10  1s2 12d (2D5/2) 5.195E-12  

1s2 4p (2P1/2) 5.768E-13 5.82E-13 1s2 17p (2P3/2) 1.213E-10  1s2 13d (2D5/2) 6.228E-12  

1s2 5p (2P1/2) 9.714E-13 9.87E-13 1s2 18p (2P3/2) 1.008E-10  1s2 14 (2D5/2) 7.381E-12  

1s2 6p (2P1/2) 1.606E-12  1s2 19p (2P3/2) 8.479E-11  1s2 15d (2D5/2) 8.673E-12  

1s2 7p (2P1/2) 2.590E-12  1s2 20p (2P3/2) 7.340E-11  1s2 16d (2D5/2) 1.012E-11  

1s2 8p (2P1/2) 4.097E-12  1s2 3d (2D3/2) 1.124E-13 1.16E-13 1s2 17d (2D5/2) 1.175E-11  

1s2 9p (2P1/2) 6.429E-12  1s2 4d (2D3/2) 2.613E-13 2.68E-13 1s2 18d (2D5/2) 1.358E-11  

1s2 10p (2P1/2) 1.011E-11  1s2 5d (2D3/2) 5.046E-13 5.14E-13 1s2 19d (2D5/2) 1.561E-11  

1s2 11p (2P1/2) 1.607E-11  1s2 6d (2D3/2) 8.721E-13  1s2 20d (2D5/2) 1.786E-11  

1s2 12p (2P1/2) 2.602E-11  1s2 7d (2D3/2) 1.364E-12  1s2 4f (2F5/2) 5.486E-13 5.54E-13 

1s2 13p (2P1/2) 4.298E-11  1s2 8d (2D3/2) 1.959E-12  1s2 5f (2F5/2) 1.057E-12 1.07E-12 

1s2 14 (2P1/2) 7.162E-11  1s2 9d (2D3/2) 2.641E-12  1s2 4f (2F7/2) 5.499E-13 5.55E-13 

1s2 15p (2P1/2) 1.153E-10  1s2 10d (2D3/2) 3.403E-12  1s2 5g (2G9/2) 4.854E-13 1.80E-12 
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CONCLUSION 
Li-like isoelectronic ion Sc XIX has been studied for spectral line characteristics: energies, quantum defects, 

transition probability, oscillator, and line strengths. The following are the main points as concluding remarks.  
1. The energies and quantum defects up to n = 30 are determined, and the available list of energies and quantum 

defects (up to n = 5) is extended. 
2. The energies and quantum defects of five series 1s2ns (2S1/2), 1s2np (2P1/2), 1s2np (2P3/2), 1s2nd (2D3/2), and 1s2nd 

(2D5/2) have been determined, 
3. A comparison of energies with the NIST and Aggarwal et al.'s work shows good agreement results. 
4. One thousand eighteen hundred and sixty-two spectral lines are investigated for calculating TP, OS, and LS of Sc 

XIX ion. 
5. Seventy-six spectral lines were found in NIST line data for comparing the results.  
6. Only six out of seventy-six lines have a percent error of more than 10%. Most of the results agree with the NIST 

values. 
7. Almost eighteen hundred values of TP, OS, and LS are new. 
8. Ninety-six Rydberg's level's lifetime was determined, and compared with the published work, only one value 

differs significantly.  
9. The lifetimes of seventy-five levels are reported for the first time. 
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ІМОВІРНОСТІ ПЕРЕХОДУ, ОСЦИЛЯТОР ТА ІНТЕНСИВНІСТЬ ЛІНІЙ У Sc XIX 
Мухаммад Калімa, Саба Джавайдb, Рухі Зафарb, Захір Уддінa 
aФізичний факультет Університету Карачі, Карачі, Пакистан 

bКафедра фізики, Університет інженерії та технології NED, Карачі, Пакистан 
Іон скандію XIX є членом ізоелектронної послідовності Li-подібних іонів. Чисельне кулонівське наближення та квантовий 
дефект теорія була використана для розрахунку енергій, квантових дефектів і ймовірностей переходу, осцилятора та сили ліній 
іона Sc XIX для переходи ns → mp, np → ms, np → md і nd → mp ряд Рідберга. Енергії іонів Sc XIXX до n = 5 наведено в База 
даних NIST і література. Ми використали квантову теорію дефектів і визначили енергії та квантові дефекти до n = 30. енергії 
та квантових дефектів 125 рівнів повідомляється вперше. Імовірності переходу іона Sc XIX, осцилятор і лінія сили 
порівнювали з відповідними значеннями в базі даних спектральних ліній NIST. База даних NIST містить дані про лише 
сімдесят шість спектральних ліній. Лише шість спектральних ліній мають відсоткову невизначеність понад 10%. Результатів 
залишилося сімдесят спектральні лінії добре узгоджуються зі значеннями NIST. Майже 1800 ймовірностей переходів, 
осциляторів і інтенсивності ліній є новими. 
Ключові слова: скандій; Li-подібний; рівень Ридберга; квантова теорія дефектів; ймовірність переходу; сила осцилятора; 
інтенсивність лінії 




