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Microstates

The electronic conﬁ guration of an atom, ion or molecule is not a complete description of
arrangement of electrons in a subshell of an atom. For a given electronic configuration, there are several
ways of arrangement of electrons in a subshell. For example, for p?-electronic configuration, there are

can be arranged. Similarly for d 2_configuration, there are 45 ways of

fferent ways in which the electrons can be arranged in the orbitals of a
are also called as atomic states.

15 ways in which electrons
arrangement of electrons. The di

subshell are called microstates of the configuration. Microstates
L9
N \0 Lo %9
C g ~ _ =v¢

Number of microstates = 57, o

where |

N =221 +1) = twice the number of orbitals.

x =number of electrons. .

For example microstates for p2 -configuration = 5, 6-2)!
#6x5x4x3x2x1
= ox1x4x3x2xl

=15



The fifteen microstates for pz—conﬁguration are shown in the following table :

m, +1 0 -1 MS ML
: “ 0 +2
2 113 v 0
3 1 0 *
4 1 l 0 +1
5 L 1 0 +1
6 1 0

7 | 0

8 1 | 0 -1
9 ! 1 ¢ -
10 1 1 +1 +1
1 1 1 +1 0
12 1 1 +1 -4
13 L L -1 +1
14 | -1 0
15 ! | 1 -1

Spectroscopic Terms : If the inter electronic repulsions are very small i.e. negligible, then the
microstates of a given electronic configuration have the same energy. But atoms and molecules are
compact, therefore, the inter-electronic repulsions are really strong and can not be ignored. As

result, microstates which correspond to different relative spatial arrangement of electrons have
different energies. If the microstates that have the same energy are grouped together when
inter-electronic repulsions are taken into account, the spectroscop

ically different energy levels are
obtained and these energy levels are called terms or atomic states. These terms are characterized by
symbols S and L. Thus,

Atomic state = 2S+1L

The values of L correspond to atomic states described as S,P,D, F, ... which are parallel to the
values of I fors, p, d, f ...... orbitals.

The atomic states or terms are very

important in the interpretation of spectra of coordinatio®
compounds.

Term Symbols : The term symbol for a particular atomic state or term is written as :
_ 25+1

1,

J
A term symbol provides three informations -

I. The letter S, P, D, F, G, H or I indicates the total angular momentum quantum number. L.
2. The left superscript in the term symbol represents the spin multiplicity of the term.



3, The right subscript in the term

quantum number, . ymbol provides the value of the total angular momentum

gquivalent and Non-Equivalent Electrons

b tw{; ?; :loirfet;lzc(t)x;o}ls all;e referred to equivalent if they have the same value of n and of /. Thus,
the electrﬁn tongl e s lsu shell are equivalent. For example, two 2 p electrons in the ground state
gl plvatenthecapss s = ny =2and}} =}, =1. Similarly, the two 3d electrons in

ihe ground state of Ti?" or V3* ion are equivalent because n =ny =3 and /; =, =2. On the other
pand, the twWo electrons are said to be non-equivalent if they have either n; # ny orly # k, orbothny # n;
- and )y # lp. For example, the two electrons in the excited state of the Be atom, 1s' 25 are non-equivalent
because 7 # "22("12 = 1’1 " = 2)and jj = J, =0. Similarly, the two electrons in the excited state of the
carbon atom, 1s°2s“2p"3 p* are also non-equivalent because ny # ny (ny =2, ny =3)and jj =h =1.
similarly the two electrons in the configurations 2s'2 pl and 3 p13d I are also non-equivalent because
m=m(=2)and I #h (4 =0, =1) for 2312p] configuration and n =ny(=3) and 4 # 5
(h=L h =2)for3 pI 3d" configuration.

Number of Microstates for a Given Spectroscopic Term

A spectroscopic term may be associated with two or more microstates. The number of microstates
for a given spectroscopic term is given by the relation :
Number of microstates = (25 +1) (2L +1)

This relationship is illustrated using the following spectroscopic terms :
Term L 25 +1 Number of microstates (25 + 1) (2L +1)

ig 0 1 IXx(2X%0+1) =1
3p 1 3 Ix@2x1+1)=9
p 2 1 Ix@2x2+41)=5
3p 3 3 3IX(2x3+1) =1
G 4 1 Ix(2x4+1)=9

How to Derive Term Symbols

The following steps are used to derive : . .
(1) Write the electronic configurations and ignore the inner closed shell.
(2) Couple the spins to find the values of S according to the series
S=[S|+SZI3 [Sl+52'_l[) """"" :|51_52| - ‘
(3) Couple the orbital angular momenta to find the values of L according to the series :

= || - % =4
L= +h A+ =1l -
(4) Couple L and S t|0 lﬁnd the values of J according t0 the Clebsch-Gordan series :

J=|L+S I,IL;'f‘”’ """"
25+
(5) Express the term symbol, Ly

the term symbols for a given electronic configuration :



(6) Find the total number of microstates and verify thqn by sum up the microstates cal o |
each spectroscopic term. If the number of microstates calculated from the °‘°Ctmn"
configuration is equal to the total number of microstates calculated from the spectroscay,
terms, then the derived term symbols are correct. ‘

Let us derive the term symbols for electronic configurations having one or two :
electrons in the partly filled subshells. The term symbols for the electronic configuras

having three or more unpaired electrons is lengthy and complicated and therefore, beyong the
scope.

(T) Term Symbols for atoms or ions having only one unpaired electron :

(a) For Na atom : The electronic configuration of Na atom is [Ne]3s‘. Ignoring the inner clogeg
shell, we get,

S=s=%and L=i=0
For L =0, thetermis S

For S=%, 2S+1=2><%+1=2
J=|L+S|, o, |L=S|
_ 1 11
=041, e |03 |=2

Thus, the term symbol for the sodium atom is 2§ 1/2-
Verification : Number of microstates on the basis of electronic configuration is

2! ,
e-ni 2xl=2

Number of microstates corrresponding to the derived term symbol is
=Q2S+1) QL+1)=2x(2x0+1)=2 .-

Since the number of microstates for the sodium atom is 2 by both the approaches. Thus, the derived
term symbol is correct.

(b) For F atom : The electronic configuration of F is [He]2s2 2 pS which can be treated as
[Ne]2 p‘l , where the notation 2 p_1 indicates the absence of a2 pelectron. Thus § = s = l::md L=l
For S =%, 25 +1=2

For L =1, the term is P
ForL=landS=:]—2

J=|L+§|,...... JL-§|

- 1 1, 31
—1 ~ |9 Seaiasa —_—— == =
I+2I, J1-2

Thus, the spectroscopic term for the F atom is 2 P and the term symbols are 2 P37 and 2 P2
Verification : l

Number of microstates for 2 p5 configuration = 5—?11-' =6




: . )
urmber of microstates for “Pterm =2 x (2 x1 4 ,

=6

o the number of microstaes calculated for? ;
S:;L;nﬂ symbol is correct. r2p” configuration and % P term are identical. Thus the
v

Is for atoms havi
;) Term symbo aving two valence el . . , '
; paving non-equivalent electrons : ;ﬁﬂ ectrons in excited electronic states, i. e., the

sl :tl;wﬁgp]ceogg ﬁiﬁoﬂs'ha\rigg non‘e_qllivalent electrons, neither the Pauli exclusion
5 bol.f obtained for the : guf;Shabl!lty restricts the  and S values for the term symbols. Thus,
onfigurations having the non-equivalent electrons obey the Pauli’s

pe te” B i le but no deviation. S
yclusion prinCip on. Some example illustrating the derivation of term symbols are given

3l0

yincpIC

peloW - : .
(a) The excited s.tatc electronic configuration of Be is 1s22s'2 pl. In this case the 2s' and 2 pl
Jectrons are non-equivalent. Thus, for 2512 pl configuration. :

S=|S1+SZI, ...... ,!S]—Szl

= 1,0
(i.e., the electrons may be parallel S = 1 or antiparallel, S = 0)
For S=L 28 +1=2x%x1+1=3and
For $§=0,2S+1=1
TR T e— Jh—h
=10EL], i ,|0-1]
= 1, the term is P
Thus, the spectroscopic terms corresponding to § =1, S=0andL =1lare *Pand 'P.
For§=land L =1
J =141, s ,|[1-1]
=2,].,0
Thus the term symbols for § =land L =lare:
3py, 3Py and > Py
Now, for § =0and L =1,

J=|0+1}], ...... ,|0-1]
=1
&“S, the term symbol for S =0and L = 1is ! P,. Hence, the total possible term symbols for s! p!
‘@ : —_—

nﬁguratlonare 3P2, 3P1, 3P[] a.nd IP]-_J

Verification : |

Number of microstates for 2s'2p" configuration

2 o 6!
TS

=12



Number of microstates for * 2 and ' 2 terms are calculated as follows :

Number of microstates
Spectroscople term (25 +1) (2L +1)
Y p Ix2x1+1)=9
I p IX2x1+1)=3 £y
Total no. of microstates = 12

Since the number of microstates for2s'2 pl configuration and, > P and ' P terms are identical (= 12)
Thus, the derived spectroscopic terms are correct.

(b) For the carbon atom in excited state :

The ground state electronic configuration of the carbon atom is 1522522 p*. If one of the 2 Ppelectrop
is_promoted to a 3p orbital, then the excited state electronic configuration of carbon becomes
15?2522 le p' in which the p electrons are non-equivalent. For 2 pl3 pl configuration.

L .1 1 1
S = 5+§, ...... 5 5'—5
=10
For§S =0, 2S +1=2x0+1=1
andforS =1, 2S +1=2x1+1=3
L=“]+f2|, ...... ,M-—lzl

=141, e, |1-1|

.=2,1,0, the correspbnding terms are D, P and S respectively
Thus, the spectroscopic terms or states for § = land § =0Qare -

3D, 3P, SS’ ]D, IP, lS
ForL=2and § =1

=321
Thus, the term symbols for 7, = 2 and § =lare
*Dy, 3D, ’D,
ForL=2and § =0

J=|2+0],...... |2-0]|
=2
Thus, the term symbol for 1, =2and § =0is
1D2
ForL=1land§ =1,
J=[1+1],...... [ 1-1]
=210

Thus, the term symbols for L = ] and § =lare 3 p,, 3Py and 3Py,
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=13ﬂds=0o
Tl 40L e, ’“__0'
=1
Thus, the term symbol for L =1and § =0is ' p,.
ForL:-'Oaﬂds=l
J=| 01, cooiss ,]0-1|
=1
Thus, the term symbol for L =0and § =1is 38,

ForL:Oﬂ.ﬂdS =0.
J=0

Thus, for L =0and S = 0, the term symbol is ! .

Hence, the possible term symbols for2p'3 p! configuration are > D3, >D,, 3Dy, 'Dy, 3Ps, ° Py,
ip,, P, 35y and ' So.

Verification :

" for L

Number of microstates for a given electronic configuration is = 1—'% - i'_ﬁl?' =36
Number of microstates for a given term = (25 +1) (2L +1)

Number of microstates for the spectroscopic terms are calculated in the following table :

Spectroscopic term N“‘al:;l;oli;l:izizrislt;tes

°D Ix@2x2+1)=3x5=15

P Ix2x1+1)=3x3=9

’s 3Ix@2x0+1)=3x1=3

'D IX2X2+1)=1x5=5

D Ix@2x1+1)=1x3=3

L5t IXx@2x0+1)=1x1=1
Total no. of microstates = 36

S;nce the number of microstates calculated for the 2p'3p' and for the spectroscopic terms
D.°P,35, 1D, 1P and ' S are identical. Thus, the derived terms symbols are correct.

(¢) Term Symbols for a 3 p'3d! configuration :
For the 3 p'3d’ configuration,




----------- T TS T e T Y
¢ number of microstates calculated f;
& table : or the 3 F,°D, A . 'D and ' P are calculated in the
fo“ﬂwmg
Spectroscopic term Number of microstates
Q@S +1) 2L+
'F
3IX@2x3+1)=21
2B
IX(2x2+1) =15
3
P 3x(2x1+1)=9
1
F IX2x3+1)=7
'D IXQ2x2+1)=5
'p IX@x1+1)=3
Total no. of microstates = 60

Since the number of microstates for 2 1::]3.:!1 configuration and for F, 3D, 3P, 'F, 'D and lp
terms 1s identical (= 60). Thus the derived spectroscopic terms are allowed.

(d) The term symbols for 1s! 25! configuartion :
For Is'2s" configuration, the two s electrons are non-equivalent.

1.1 1 1
s=\5+i, ...... -4
=10
For§ =1, 2S+1=3and
For§ =0, 2S+1=1
L=\h+h|, ... Jh =1 |
=|0+0], ...... ,]0-0]

— 0, the corresponding term is S
Thus, for § = 1and S = 0, the spectroscopic terms are 3§ and 'S respectively.
ForL=0and§ =1, J =1
Thus, the term symbol for L =0and § =1is 485
ForL=0and § =0,J =0
Thus the spectroscpic term is ISo
Hence, the term symbols for S =1and § = 0are 38y and 'So

Verification :

S - &
Number of microstates for 1s' 2s' configuration = == T S TRT

=4



Number of microstates for *§ and ! S terms are calculated as follows :

Number of microstates
Spectroscopic term

25 +1) (2L +1)
e Ix(2x0+1)=3
ls Ix@2x0+1)=1

Total no. of microstates = 4

Since the number of microstates forLs! 2! configuration and > § and ! S terms are i1dentical. Thust
derived term symbols for Is' 2s! confi guration are correct.

. . _ S, the Pauli’s exclusjon principle restricts?
icrostates that can occur in the configuration and consequently it affects the terms that can occur-ﬂlf

due to the reason that ny =ny and /; =/, and we aneously ch m g
. = my,. Secondly if the values of all the four quan Sy choose my =M

tum nllmbers n he il
ctrons are exchanged, the initial situation is identjc » M, I, m; and my for each of

a] il"l (=) § .



ground State Term : Hund’s Rule v

The terms denv_ed fo'r an electronic configuration have different energies. For example, the p°-
clectronic configuration gives rise to three terms thatare3p, 1p andl . These three terms have different

energies. These terms represent three states with different amount of inter-electronic repulsions. The
ground state term (lowest energy) can be determined by using the Hund’s rules.

. For a given configuration, the ground state term (term of lowest energy) is that which has highest
spin multiplicity. The ground state, therefore, have the highest number of unpaired electrons and
this gives rise to minimum repulsion and high exchange energy. For example, the ground state term

for p2 -configuration is 3 p. |

2. Ifthe two states have the same spin multiplicity, the state with highest value of L will be the ground
state. For example, for d 2 _configuration, the terms are 37,3p, lg,1p andlg.3F and 3p both
have same spin multiplicity but 3 has higher value of L. Thus, 3 has lower energy than 3p.
Hence 3y is the ground state.



. sliciti the values of L are alsg

i i ion, if multiplicities are same and j
> t}?o(;r :vi]:f;;}mc tﬂﬁtﬁrﬁ?hzvﬁ;loweg J value will be of lowest energy if the subshe|);;
less than half filled, and the state having highest value of ./ will be of lowest energy if the subshelj ;.
more than half filled.

If the subshell is exactly half filled, it has only one value of J. This law is applicable when Spin-orhjy
coupling is taken into account.

To Identify the Ground State Term and Ground State Term Symbol for Atoms
Following steps are used to identify the ground state:
(1) Identify the microstate that has the highest value of S.
(2) Find out the spin multiplicity (25 + 1).

(3) Determine the maximum possible value of M; (= X m;)orL.

(4) Select maximum value of J for more than half filled subshell and minimum value of J for less
than half filled subshell. |

Examples :

(i) pz-Conﬂguration :
111
1 1
S == - =
275 =1

Spinmultiplicity=2$+ I=2x1+1=3
“+ Ground state term = 3p B
J=L+s§

=2,1,0

Since p-subshell js Jegg than half filled. |
7 Ground state term Symbo] = 3 Py

(i) p3- Configuratiop
my 1 0

LzML=+l+0“l=0, S state




25+I=2x%+l=4

.. Ground state term = s

3

=0.and S=2

For L 0, an 3
.. & 3
J |0+2l ...... ’0—2’

=3/2
-, Ground state term symbol = 4§,

(iii) For d >-Configuration (Ti** or V3" ion) :

mp 2+l 0 -1<2 M;=2+1=3, Fstate
111
1.1
= - —=l
¥=3%3

285+1=2x1+1=3
Ground state term =3 ¢
J=|L+S]|, ..c... |L-S]|
L 3 — |3-1]
=4,3,2
Since d-orbital is less than half filled, lowest value of J will give the ground state term. Therefore,
ground state term symbol = 3F,. The d" and d'%" configurations give identical terms (Table 5.2).

»4 Table 5.2 : Terms for d” Configurations
Electronic Ground State Other Terms with Same Spin Multiplicity as that of
Mutjon Term Ground State

d.d’ 2p —

d.db 3F 3p.1G.1p.1s

a3 a’ 4r 4p.2p.2p2F 2G2H

d4,d6 5p 3p.3p,3F.3G6.3H,
ls.1p.1r,lG.1;

d’ 6s 4p,4p.4r.4G.25.2p,
2p,2r.2G6.2H4.2;

d'° ls =
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