Term symbols

If we know (25 + 1), L and J for an energy state, we can |
write the full rerm symbol. This 1s done by writing the
symbol of the value of L (1.e. S, P, D ...) with the value of
(28 + 1) as a left-superscript and the value of J as a right-
subscript. Thus, the electronic ground state of carbon 1s
3Pn (‘triplet P zero’) denoting L=1, (285+ 1) =3 (i.e.
S=1) and J = 0. Different values of J denote different

levels within the term, i.e. > ”L;l, {ESH]L;E ..., the levels
having different energies. Inorganic chemists often omut the
value of J and refer to a “**YL term; we shall usually
follow this practice in this book.

Now we look in detail at the electronic ground states of
atoms with Z =1 to 10.



The quantity (25 + 1) is the multiplicity of the term where
S 1s the total spin quantum number. Terms for which
(2§8+1)=1,2,3,4 ... (corresponding to
$=0,3,1,3...) are called singlets, doublets, triplets,
quartets . . .




Hydrogen (£ = 1)

A hydrogen atom has an electronic configuration of 1s':

for the electron, / =0 so L. must be 0 and, therefore, we

have an S term. The total spin quantum number S =1 so

i

(28 + 1) = 2 (a doublet term). The only possible value of

J 1s %, and so the term symbol for the hydrogen atom is

ESL‘;E.

Helium (£ = 2)

For helium (1s%), both electrons have / = 0, so L = 0. Two
electrons both with #» = 1 and / = 0 must have m, = —I—% and
— é, so §S=0and (25 + 1) =1 (a singlet term). The only
value of J 1s 0, and so the term symbol is 1.5‘{],. Thus, the
ns" configuration, having L =0, S=0 and J =0, will
contribute nothing to the term symbol in lithium and later
atoms. The same conclusion can be drawn for any mp®
configuration and the reader 1s left to confirm this

statement.

)



Lithium (Z = 3) and beryllium (Z = 4)

Atomic lithium has the electronic configuration 15°2s', and %
its term symbol 1s the same as that for h}fdmgen ”.5‘1 n.
Similarly, the term symbol for beryllium (15°2s°) is the
same as that for helium, 'S,

Boron (Z = 5)

For boron (15°25°2p") we need only consider the p electron
for reasons outlined above. For this, [=1soL=1(aP
term); S :% and so (2S5 +1) =2 (a doublet term). J can
take values (L +S),(L+S—-1).. |L S|, and s0 J =3 or
%. The term symbol for boron may be *P; 1 Or P P



Relative energies of terms and levels

In regard to relative energies of terms, we state all of Hund's

rules in a formal way. It 1s found from analysis of spectro-
scopic data that, provided that Russell-Saunders coupling
holds:

e the term having the highest spin multiplicity (highest
value of §) 1s the most stable (lowest energy);

e 1f two or more terms have the same value of §, the term
having the higher value of L 1s the more stable;

e for all terms having the same values of § and L, the level
with the lowest value of J1s the most stable 1f the sub-shell
15 less than half-filled, and the level with the highest value
of J 18 most stable if the sub-shell is more than half-filled

>
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(1f the sub-shell 1s half-filled and S has the highest possible F
value, L=0and J = §).

Thus for the terms correspondmg to the electronic configura-

{on sz (ID;, : P, jPl, ‘T‘Pﬂ and IS.], see above), that of
lowest energy s * P and the level of lowest energy is °P,.




= 2,1,0
the term symbol is 3P,



How?



Shielding Electrons

Shielding electrons are the electrons in
the energy levels between the
nucleus and the valence electrons.
They are called "shielding" electrons
because they "shield" the valence
electrons from the force of attraction
exerted by the positive charge in the
nucleus.



In fluorine there are 9 protons in the
nucleus and there are 2 shielding
electrons in the first level between
the nucleus and the outer shell. They
shield some of the charge of the
nucleus from the electrons that are in

nuclear
charge

shielding| valence
electrons|electrons

the outermost energy level. (Also

look at example 5b in your
workbook.)

nuclear | shielding | valence

Next, neon also has 2 shielding charge |electrons|electrons

electrons along with 8 valence 12 25°2p°

electrons. +10 — . —
2 8

With sodium, we have 3 energy

levels. There is one valence electron

in the third level and all the electrons nuclear | shielding| valence

between that one valence electron charge |electrons|electrons

and the nucleus are shielding 1522522 p° 3!

electrons. In this case there are 2 in Na +11

the first energy level and 8 in the 10 1

second for a total of 10 shielding

electrons.

So notice that the number of
shielding electrons increases when
you reach the end of the periodic
table and go on to the next period.




Now

look at carbon, nitrogen, and

0xygen to see that within a period
there 1S no change in the number of

shie
Vale

ding electrons. Even though the
1ce electrons increase in number

from 410 5 to 6, the number of

shie
two

ding electrons stays the same--
shielding electrons for each of

those elements.
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Now consider an atom of helium containing two
protons (there are neutrons in the nucleus, too, but
they are not pertinent to this topic) surrounded by
two electrons both occupying the 1s orbital. In this

case, and for all other many electron atoms, we need
to consider not just the proton - electron attractions,
but also the electron - electron repulsions. Because of
this repulsion, each electron experiences a nuclear
charge that is somewhat less than the actual nuclear
charge. Essentially, one electron shields, or screens
the other electron from the nucleus. The positive
charge that an electron actually experiences is called
the effective nuclear charge, Z, and Z_ is always
somewhat less than the actual nuclear charge.
Z.=12-S,where S is the shielding constant
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Now let us consider the arrangement of the electrons in
Li (Z=3). In the ground state, the s atomic orbital is
fully occupied and the third electron could occupy either a
25 or 2p orbital. Which arrangement will possess the lower
energy? An electron in a 25 or 2p atomic orbital experiences
the effective charge, Z 4, of anucleus partly shielded by the 1s
electrons. Since the 2p orbital penetrates the 15 orbital less
than a 2s orbital does, a 2p electron 1s shielded more than
a 2s electron. Thus, occupation of the 2s rather than the 2p
atomic orbital gives a lower energy system. Although we
should consider the energies of the electrons in atomic

orbitals, 1t 1s common practice to think in terms of the

orbital energies themselves: E(2s) < E(2p). [ NENEGEGN
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Similar argu-
ments lead to the sequence E(35) < E(3p) < E(3d) and |
E(ds) < E(dp) < E(4d) < E(4f). As we move to atoms of
elements of higher atomic number, the energy differences
between orbitals with the same value of n become smaller,

the validity of assuming hydrogen-like wavefunctions becomes
more doubtful, and predictions of ground states become less

reliable. The treatment above also 1gnores electron-¢lectron
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Effective nuclear charge and Slater’s rules

Slater’s rules

Effective nuclear charges, Z.x, experienced by electrons in
different atomic orbitals may be estimated using Slater’s
rules. These rules are based on experimental data for

glectron promotion and ionization energies, and Zgs 15
determined from the equation:

Zur=7Z—8

where Z = nuclear charge, Z 4 = effective nuclear charge,
§ = screening (or shielding) constant.
Values of § may be estimated as follows:



1. Write out the electronic configuration of the element in
the following order and groupings: (ls), (2s, 2p).
(35, 3p). (3d), (45, 4p), (4d), (4f), (55, 5p) etc.
2. Electrons in any group higher in this sequence than the
electron under consideration contribute nothing to S.
3. Consider a particular electron in an ns or np orbital:
(1) Each of the other electrons in the (ns, np) group
contributes § = 0.35.

(ii) Each of the electrons in the (n — 1) shell contri-
butes § = 0.85.

(iii) Each of the electrons in the (n — 2) or lower shells
contributes § = 1.00.

4. Consider a particular electron in an nd or nf orbital:

(1) Each of the other electrons in the (nd, nf) group
contributes § = 0.35.

(1) Each of the electrons in a lower group than the one
being considered contributes § = 1.00.



An example of how to apply Slater’s rules

Question: Confirm that the experimentally observed electro-
nic configuration of K, 15°25°2p°35°3p%4s', is energetically
more stable than the configuration 1525 2p°®35°3p°3d".

For K., 2 = 19.

Applying Slater’s rules, the effective mnuclear charge
experienced by the 45 electron for the configuration
157252 2p%°3523p%45! is:

g — &£ — S
— 19 — [(8 =< 0.85) + (10 =< 1.00)]
= 2.20

The effective nuclear charge experienced by the 3d electron
for the configuration 157 lrzlpﬁirz 3;::-63::3[ 1s:

Zy — Z — S
19 — (18 > 1.00)

1.00



Thus, an electron in the 4s (rather than the 3d) atomic orbital

1s under the influence of a greater effective nuclear charge and ¢
in the ground state of potassium, 1t 1s the 4s atomic orbital
that 1s occupied.

Self-study exercises

1. Show that Slater’s rules give a value of Z_ g = 1.95 for a 2s
electron in a Be atom.

2. Show that Slater’s rules give a value of Z_ g = 5.20 for a 2p
electron of F.

3. Use Slater’s rules to estimate wvalues of Z_ 4 for (a) a 4«
and (b) a 34 electron in a V atom.

[Ans. (a) 3.30; (b) 4.30]

4. Using yvour answer to question 3, explain why the valence

configuration of the ground state of a V™ ion is likely to be |-
3d°4s' rather than 3d°4s°.



EXAMPLES

Oxygen The electron configuration is (15°) (25° 2p"),

For the outermost electron,

4=1-§
= (2 (085)] = [5 X (0.35)] = 455
(1s) (25,2p)

The two Ly electrons each contribute (.85, and the five 2s and 2p electrons (the last electron 1s
not counted, as we are finding Z* for it) each contribute 0.35, for 4 total shielding constant
§ = 3.45. The net effective nuclear charge is then Z* = 4.55. Therefore, the last electron 1s

held with about 57% of the force expected for a +8 nucleus and a =1 electron.
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Nickel The electron configuration is (15%) (252 2p%) (357 3p°) (34%) (45%).
For a 3d electron,
Z¥=7-3§
=28 — [18 X (1.00)] = [7 x (0.35)] = 7.55
(15,25,2p,35,3p)  (3d)

The 18 electrons in the 1s, 25, 2p, 3s, and 3p levels contribute 1.00 each, the other 7 in 34
contribute (.35, and the 4s contribute nothing. The total shielding constant is § = 20.45 and
Z* = 755 for the last 3d electron.

For the 4s electron,
¥=7Z-39§
=28 = [10 X (1.00)] — [16 X (0.85)] = [1 X (0.35)] = 4.05
(1s,2s,2p) (35, 3p, 3d) (4s)
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The ten s, 2s, and 2p electrons each contribute 1.0, the sixteen 3s, 3p, and 3d electrons each
contribute 085, and the othet 4s electron contributes 0.35, for a total § = 23.95 and
Z* = 403, considerably smaller than the value for the 3d electron above. The 45 electron is
held less tightly than the 3 and should therefore be the first removed in onization. This is
consistent with experimental abservations on nickel compounds. Ni, the most common oxi-
dation state of nickel, has an electron configuration of [Ar]3d® (rather than [Ar]3d%4s%, cor-
responding to loss of the 4s electrons from nickel atoms. All the transition metals follow this
same pattern of losing ns electrons more readily than (n = 1)d electrons.

EXERCISE
Calculate the effective nuclear charge on a 55, a Sp, and a 4 electron in a tin atom.

EXERCISE

Calculate the effective nuclear charge on a 7, a 5f, and a 6d electmn m 4 ranium atom,
'i
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