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The Spectrum of Doubly
Ionized Calcium (Ca III)

Abstract An analysis of the existing data for doubly ionized calcium in the extreme
Schumann region below A 1,010 was made, and practically all the bright lines in this
region were classified, 16 new terms were tabulated. The isoelectronic sequence A I,
K 1II, and Ca III was discussed. An interesting new level 353p°45®S; , which combines

with all the 35s23p°4s terms is obtained in the analysis.

The spectrum of doubly ionized calcium was studied by Bowen in the
region A 4,080 — 1,270. He classified 137 lines in which 32 terms were
identified. With the help of the data which was published by Ekeforst? for
calcium in successive stages of ionization, extending from A 300 to 1,200, it has
become possible to push the analysis further.

The spectrum, like that of K II, is of the rare gas type. The lowest term is
35s?3p°'S, and the high terms with which we are concerned arise from the
excitation of one of the s or p electrons to an s p, or d level of higher quantum
number. All these are of (j, j) coupling type, and the two groups of terms
having as limits ?P1 and ?P;} of the Ca IV spectrum were completely separated.

The scheme given by Bowen consists of transitions between two sets of
3s*3p°ms (4, 5), two sets of 35°3p°md (3, 4) and one set of 3s23p°4p levels.
For the sake of completeness, these term values together with their effective
quantum numbers are given in Table I. The absolute value of the lowest term
35?3p° 'S, is given by Bowen as 413,127. 0 cm™" with respect to the 35°3p° 2P;1
of Ca IV. All the Bowen terms have a probable error of 410 units. The effective
quantum numbers n* are calculated with respect to their parent term (sometimes
called series limit) 3s?3p° P11, or ?P1. Bowen’s analysis consists of 143 lines.

These classified as 3p° (?P)4p — 3p° (*P)4s form the group of brightest lines in

Reprinted from Chinese Journal of Physics, 1937, 3(1): 1-15.
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24,500 — 40,000 cm™". Lines 3p° 2 P)4p — 34° (*P)5s in 45,000 — 59,000 cm™" ,

lines 3p° *P)4p — 3p° (*P)4d in 40,400 — 63,100 cm™ ', and lines 3p° (* P)3d —

3p° *P)4p in 44,000 — 78,700 cm ™! are less intense. Bowen further observed three
bright lines in the ultraviolet region: two of these, 243,933(5) and 247, 688(5) were
classified as 3p° ' S;— 3p° P11 )4s * P} and 3p° 'So— 3p° (2p1 ) 4s ' P} respectively;

the other, 203,851(2), was classified as 3p° 'S,— 3p° *P11)3d ' P}.

Analysis of Ekefors’ Data

There are 89 lines, marked N=3 (N being stage of ionisation) by Ekefors,
out of which 39 lines have now been analyzed (Table II). Furthermore, 6 lines
not assigned any N value and 2 lines, marked N=4, are recognized to belong to
this spectrum. 16 new terms have been obtained (Table 1), of which the nature
of six terms are not known. It may be pointed out that there is some uncertainty
about the value or the nature of some of the terms as suggested here since
confirmatory tests are not available. It should be noted here that the Ekefors’
Data have a probable error of +10 units in 100,000,

Lines with 3p® 'S, as the final term

Five lines which belong to this class were listed by Ekefors. Three of these
were already observed by Bowen and all of these can be derived from Bowen’s

term values. The following table shows a comparison between values of Bowen

and Ekefors.

vr Cale. from Exp’tal Value

Initial term Bowen's term values vg (Bowen) ve (Ekefors) Vg— Vg Vr— Vg
3p°CPL)4s 4 247,693, 4 247,688(5)  247,689.1(20) —1.1 4.3
3p°CPil)ds 2 243,927.0 243,933(5)  243,919.7(18) 13;3 7.3
3p° (*P1)5s 49 331,398, 6 331,410 (4) —11.4
3p°(*P11)5s 2} 328,580. 4 328,591 (3) —10.6
3p°(*P11)3d 2} 203,845. 1 203,851(2)  203,854.5(2) —3.4 —H.4

From Ekefors’ Data for potassium, we also found five lines (marked N=2)
of the same nature. Together with the A I spectrum data which can be calculated
from Bacher and Goudsmit’s list of term values™®, we can make a comparison in

the following table:

Lines Al K Il Ca 111
3p° 1So— 3p° (P21 )3d 24 111,818.0 164,492, 4(5) 203,854, 5(2)
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3p° 1So— 3p° P11 )4s 28 93,743.0 163,233. 1(6) 243,919.7(18)
3p° 1So— 3p° CPL)4s 4 95,392. 2 166,454. 4(6) 247,689. 1(20)
3p°1So— 3p° CP11)5s 2 113,635. 4 (212,992. 9 328,591 (3)
3p° 1Sy— 3p" CPL)5s 4 114,965. 4 215,017. 7(1) 331,410 (4

* Calculated from term values (Bacher and Goudsmit p 247).

If we plot the wave number against the atomic number for each type of
transition in the above table, we find only the curve for 3p° 'Sy— 3p° *P11)3d
2} to be concave downward. It shows that the 3d electron in this isoelectronic
sequence gradually becomes deeper; for A I, the 4s electron is deeper than 3d; for
K 11, the 4s and 3d electron have almost the same energy; for Ca III, the 5d
electron becomes much deeper than 4s. This is quite analogous to the case of the
neutral calcium atom.

3s*3p° (*P11, 1) ms terms

A rough estimation of the term values of ms terms for m=6, 7, 8 and 9 has
been made from assumed effective quantum number n*. As n* =2. 4 for the 4s

term, 3.4 for the 5s term (See Table 1), so we assume n* =4. 4 for the 6s term,

etc.

" [ 323p° 2P dms(em™)  3623p° (2PL I ms(em™)

6 4.4 51,000 47,700

7 5.4 33,900 30,800

8 6.4 24,100 21,000

9 7.4 18,000 14,900

Hence 353p°® ' Sy— ms 29, 49 aré calculated as follows.

m=6 m=7 m=38 m=9

35 1So— ms 20 362,000 379,200 389,000 395,100
3p51So— ms 4§ 365,400 382,300 392,100 398,200

Similarly the 4p — ms lines are estimated to be in the following ranges:

4p — (2P1.%)ms 4p — (ZP.%)ms
= 89,900 — 79,500 93,200 — 82,800
m= 107,000 — 92,800 110,100 — 99,700
m=8 116,800 — 106,400 119,900 — 109,500
m=9 122,900 — 112,500 126,000 — 115,600

Except 4p — (*P1},1)6s and 4p — (*P11)7s, all these regions are covered

by Ekefors’ experiment. Ekefors’ method of excitation was not suitable for v
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larger than 360,000 cm ™', so that the higher members of ' S,— ms series were all
not observed by him. If we assign the line 365,370(1) to the transition 3p° 'S,—
(*P1)6s 47, we get for the term value of (*P1)6s 43 47,757.0 (n* =4. 405 4).

In the experimental region, 4 lines corresponding to 4p — 8s are found,
namely,
4p 9,— 8s 49 109,018. 2(2) 8s 4 21,540.4
4p 4,— 8s 29 110,300. 4(2) 8s 2} 24,209.9
4p 5,— 8s 49 111,812. 9(4) 8s 49 21,575.9
4p 1,— 85 2} 116,714, 6(4) 8s 2 24,226.4

Hence, the term values are 8s 20 =24,218 ecm™! and 8s 4 =21,558 cm ..
For showing the isoelectronic sequence, the term values and their respective
effective quantum numbers n* of A I, K II, and Ca III are tabulated in the

following table:

ms 2§ Al ' K1I Ca 11

m=4 33,360. 8 (1. 814) 93,400 (2. 168) 169,200. 0 (2. 415)
5 13,468. 4 (2. 854) 43,645 (3.171) 84,546. 6 (3.417)
6 7,351. 3 (3. 864) —
7 4,632.1 (4. 867) —
8 3,229. 2 (5. 829) 24,218.0 (6. 395)

ms 4% Al K1l Ca 1l

m=4 31,711. 6 (1. 819) 90,175.5 (2. 180) 165,433. 6 (2.420)
5 12,138.4 (2. 844) 41,618. 2 (3. 166) 81,728. 4 (3.411)
6 5,950. 1 (3. 856) (47,757.0 (1. 405))
7 3,229. 2 (4. 853) _
8 1,758. 19(5. 866) 21,558. 0 (6. 324)

This shows that both series are perturbed by foreign perturbing terms not
belonging to them, and the perturbing terms are approximately 20,000 cm™! for
both series.

3s* 3p° mp terms

For m=5; If n* is assumed to lie between 3. 7 — 3. 8, the term values will be
in the region 71,000 — 69,000 for (* P11)5p, and 68,000 — 65,000 for (* P1)5p
terms. Hence, it can be estimated that 3d — 5p lines are in the region 144,000 —
109,000, and 4s — 5p lines in 105,000 — 94,000. After a careful analysis, four
terms are obtained which belong to this class. We shall discuss them separately as

follows.



