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TERM VALUES IN THE SPECTRUM OF CHROMIUM Ii*
By V. SURYANARAYANA anp V. RAMAKRISHNA RAQ

DEPARTMENT OF PHysIct, ANDHRA UNIPERSITY, WALTAIR
(Received for publication Octoder 28, 1953

KBSTRACT. Terin values for the configurations 3d5 3di.4s, 3d3.4s% in CrIT sre
calculated and compared with the experimental data due to Kiess. The values of the
unidentified terms are predicted from these theoretical calculations.

INTRODUCTION

An extensive experimental analysis of the spectrum of CrIl was
recently published by Kiess (1951). The c¢ven terms arising out of the
configurations 3d°, 3d‘'.qs and 3d'.4s* were worked in fairly good detail and
their values were given. A theorctical calculation of these term values
appeared desirable for (a) checking the analysis and (a) predicting the terms
yet to be established. The results of these calculations are presented and
discussed in the following pages.

The theory of the calculations was first given by Slater 1929) and
developed later by Van Vieck (1934). The working details weie aiven by
Rao (1948} in his paper on ‘‘Term values in Complex Spectra (Culumbium
I and 11)”. Tables I, IJ and IIT embody the results. The observed
values of the terms are the statistical means of the multiplet levels
of each term. The formulae used in the calculations are given in the
last column. For the evaluation of the parameters F,, F, F, and G, the
method of normal equations was employed (Rao, 1948). Low lying terms
are used for this purpose (marked in the table with astcrisks) as their
assignment is generally more certain.

In Table I the term values of the lowest configuration 3d” of Crll are
given. In the calculated values, the a'S term is reduced to zero and
correspondingly . all the other terms shifted to that scale. The percentage
of discrepancy, between observed and calculated values is given in column 4.
There is in general good agreement. Considerable disagreement is found
between the values for a*P. Of all the quartet terms, this should be the
highest according to Hund’s rule (lowest ‘L’ value). However, the b*D and
b*F terms are larger than a*P.  This involves a ceitain amount of
perturbation in the term scheme which may possibly be due to slight deviation
fromn rigorous R-S coupling assumed in theoretical considerations. Terms
oD, and a*P, are not identified in experimental work as these are
considerably high. The lines arising out of these levels and an excited state
r infrared and so was not obtained. These values could,

generally lie in the fa
* Communicated by Prof K. R. Rao.
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in general, be only predicted from theory and fitted into the term scheme.
Their values are given in column (3). Table 1I gives the results of
calculation for the configuration 3d*.4s of Crll which is the next higher
configuration to the above one namely 3d°. In this, calculations are made
in two ways. The values obtained by straight calculations with formulae
(column 1) are given in column 5. In column 4 the data are obtained from
calculations through ion data. The configuration 3d* of CrIIT is the
ionic configuration of 3d*.4s of CrlI. Van Vleck (1934) gave the
necessary theory for such a calculation and the working details may be
found in Rao’s papzr (1948) ‘This calculation helps us to verify Crll
spectra as against Cr IIl spectrum. A good agreement between the
two data indicates the consistency of assignments of both the spectra of
the configurations dealt with. However, the calculation is limited by the
number of terms kmown in 3d* configuration in CrIlI. The first column
gives the base terms of 3d* of CrIll on which those of Crll are
built up by the addition of a 4s electron. Columns 6 and 7 give the
percentage of discrepancy between the observed values on one hand and the
calculated values from ion data (column 6) and from formulae (column 7)
given in the last column. It is seen that where calculation could b: made
for ion data, the discrepancy is very small, confirming the assignments of
terms in the configurations of both CrIl and CrIII. In the calculated
data from the formulae, it would be found that the percentage of discrepancy
is more than in case of the 34° conﬁguration, though in itself it is not much.
However, this may be atiributed to the fourth parameter G, entering the
formulae, ‘The deviation from R-S coupling may be considerable in the case

of 3d*. 4s electrons.

Table III gives term values for the 3d".4s® configuration of Crll.
In this configuration the unit 3d4® is shielded by the complete subshell 452

and so the deviation from the R-S coupling may be considered 1o be much
less than in the earlier configurations. The configuration gives rise to the same
terms as 3d® and values are given in column (3). The percentage of
discrepancy is small. The terms, *F, *H, ?D, and ?D. are predicted in the
spectrum. In view of the genmeral good agreement it may be reasonably
expected that these predicted values can lie within 4 percent of the values
given. The formulae given in the last column of this table are obtained by
neglecting the G’s in the formulae for the d®s configuration by Bowman

(r941).
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TapLk 1

Term values of chromium 11

Configuration 3d°

Term Observed Calculated Percentage Formmnla
symbol value value . of (Laporte otto 1942

{author) i discrepaney

-

abS* 0.0 0.0 ‘ 0.0 | 10Fy—35Fy~315F,
alG* 20516.0 20498.5 —-0.1 10 Fy—25Fy—190F
bir 32848.2 31666.7 li ~0.7 1oFy -13Fy—180F,
biD* 25039.9 25721.2 ' 420 | 1By~ 18Fg-225Ty
atp* 21823.7 23475.2 . 47.6 | 10by— 8F3—105F,
all+ 30147.2 | 20067.1 —1.5 10Fy—24Fy— coFy
bIH 35664.0 35774.3 i to3 10Fg~ 221~ 30F,
a’C 36197.9 37274.2 | +3.1 | 10F g~ 13— 145
426G 52311.2 34426.8 +4.0 U toFp+ 3Fy—1535F,
aF 32459.2 335360 =33 10Fy—25Fp— 15k,
cF 308211 40258.6 +1.1 l 1oFy— ol'y—=165F,
an 47361.4 49204.5 + 3.9 10ky— 4F, =120
aD. 31420.1 33018.5 +5. wl— 3k,— goly
a?D, 72096.9 ‘ + (5138 - 45008, F 4+ 2500F 2)112
a?P G7110 § : 10F g 20l — 2101
a%S 44307.0 44735.2 +1.4 | 1y 3Fa—1950y
10Fy=62378,0 cm™, Fy= 11186 cin”l, Fy= 74.5 em™L

Note:—In this and the following tables the suffixes + and — indicate higher and lower

of two similar terms and the corresponding formulac must be taken with the

respective sign.

The terms Marked with asterisks are those taken for the calculation of the

constants.
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Tasre 111

Termn values in chromium II.

Configuration 3d.4s*

Tetm value
ip 55045.7
2p 50112 8
‘F 53574 4
F
G 54576 2
]

D,
.

Observed

Fo=50451.5 cm™
Fy= 308.2 cm™l
Fi= 258cm™!

Prof. K. R. Rao, for his kind interest in the work.

Calculated
value

572927
52970.9
5998¢.7
56396.7
57292.7
62709.6

59430 2

Percentage
of Formula
discrepancy
+1.1 Fy=147F,
-3.2 Fo"' 6Fl‘"‘12F.‘
-1.1 Fo— 15F,—72F,
Fot 9Fp~87F4
+3.3 Fy— 11Fy+13F,

Fy- 6Fy—12F),

Fot 5Pt 3Fy

1 §(193F 4!~ 1650FF4
_8325[:41)1[2
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