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Spectrum of He atom: Triplet and singlet state
Pauli exclusion principle:
No two electrons in an atom can occupy the same quantum state.

The quantum state is specified by the four quantum numbers; no
two electrons can have the same set.

Wolfgang Pauli

The Nobel Prize in Physics 1945
"for the discovery of the Exclusion Principle,

also called the Pauli Principle”
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Triplet and singlet state

1) He must have an anti-symmetric wave function (under interchange of the 2 electrons)

w{z,n=%[wgfzpﬁ(l)—wﬁiczm(l)]:—w(nz)
If &= then Y =0

2) The 2 electrons must have different quantum numbers: a and f3:
Pauli exclusion principle

Two possibilities for having an anti-symmetric wave function:

4(1,2) =y (n.7) 7" (1.2)
spatial w and spin ¥

w4(1,2)=v“(n,n )" 1.2)
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Triplet and singlet state
Addition of spins in a 2-electron system

S =5 +5> Mg =mg +mg, ; S

I
o
=k

Mg = -1, 0, 1

S=1Mgc =1>=|T,T>

= — 1 A triplet of symmetric
a=l s _D>_ ﬁﬂT’\L>+I\L’T>) spin wave functions

S=1LMg=—1)=|Ll,1)

1 A singlet of an anti-symmetric
|S=GJMS =ﬁ>=EqT=¢>_|J’=T>) spin wave function

Two distinct families of gquantum states in Helium:
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Ortho-helium: triplet states W 4 ;{5

. . S A
Para-helium: singlet states W X
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Singlet and Triplet

Ordering of singlet and triplet states

Symmetric and Anti-symmetric spatial wave functions

T— 1 s - sy -
Yo (A.m )= E [Wn]flml (7 )":”nzfznzz (7% )— Y“Wnolamo (7 }‘Vﬂlflml (7% )]

If: n =M density becomes small for |‘P_(Fl S, P ];2 2

Fermi-hole

VWhile density of |‘*P'_|_ (7.7 ]2 increases (a) o =

Effect of "exchange”; a “force” related to the __JL_’

Pauli principle
—= quantum interference {b) o =z
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Singlet and Triplet

Fermi-hole in case of an anti-symmetric spatial wave function

—_ - W2
I"¥_ (7.7 )
In this state the electrons tend to be distanced
from each other
—= |less repulsion

—= more binding
For the triplet states (or symmetric spin states)

'y -

Conversely, in case of symmetric spatial function tal i Fy—Ta

—_ g
|1..'1u+{|,1=}2] | g, 12
Electrons tend to be close to each other
—= more repulsion
—= |less binding energy

—=Triplet states are lower in energy
than corresponding singlets
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He atom Spectra

“Singly-excited” states in Helium, with one electron in {(1s)

o BN £ &l & F & a1
mirnr_az*-_mu_,l Ae~T3d : —‘f“i{:ﬁ:f Selection rules: similar as in H
2 {;"I' «:’!'L,'E'— : _.-'ZEE;-.E -
st I : 2= A = free
I !
LN -
i 5 AP =+
Il :
10t i : M = — 1.0+ 1
" .":' F'a;:ar;nmrm E Gr:._;ls'u_n::ﬁn-lll.rn
[ =) [} I| - 1] j E' =3
A : . =0
-2of T : Helium '
."'-'I ;. energy (1s)2s) levels are metastable
| | B : levels
o — x
o 1 = 3 O 1 2 3
Orrbaial angular rnornanturn

Ortheo and Para Helium
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Helium Atom
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Helium Atom
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Helium Atom

functions. We may write these wawve functions in their

Curse Code : MSCP6002

¥ iy Lo I!q.'l\'--ll"l"-' sSpPan Wave
e T . - = T
l'l-:||:1.|i1'-1-"l| vprecLfic i ul-; [—5; +
3 — — = 9 .
_l2 [ '3: B + B, P2 ] symmetric (triplet states)
By B2

= : 3
JT [ Bi Bz — P B> ] antisymmetric (singlet state)
The t three are symmetric (interchanging the sub-scripts 1 and 2 makes no change in
: h-k I-T::- . function) and describe the so-called ‘wriplet’ states of the s__yst_e:m. The last one is
'ItI::l:i:.;‘nl:nclric (interchanging the sub-scripts 1 and 2 changes the sign) and describes the
so-~called singlet state. : : -
s = interpretation of the triplet and the singlet states. The spin

Let us have a physical
number for cach of the two elcctro-ns 1 and 2 is > 7 S W Gt

Cpurarniuim

e 2
magnitude of the spin angular momentum S of the sys:lem is

LB e AT Y e

whoere S takes all possible values from (s) + s2) to (s1 — s2) differing by 1. Thus

S = 1 corresponds to
antiparallel clectron spi
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He Atoms

s = 1 corresponds to parallel electron spins (Fig. 1 a), while S =

(8] corresponds o
antiparallel clectron spins (Fig. 1 b).

1
= —
o=t i A B e o
S =0
(> : by
(Fig. 1)
The z-component S. of the spin angular moment:m of the system is

That is,

and ¢ £
Thus. when the electron spins ar

which give rise to three B
eclecuon spins are ar
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He Atoms

“  On the other hand, if the s _’E_;ns of the two e

lectrons are antiparallel, th
spin wave function which is anus:immetnc The correr—onding ng sppace waveelt:::lr:cszt?o: Y One
herefore be symmetric, whlch is . n must

[ Wa (1) Wi (2) + wp (1) w, @]
If the electrons happen to have almost the same space coordinates,

that is,
*-(l) - "Gl.(zl and Ws(l) ol

W (2), then the wave function becomes

V2w (1) v ().
m. the probability m;y will have mm

2_% l) e m Wo (1) Wa (2),

all space. Thus, there is a large chance
‘ons close together, and the electrons

Name of the Faculty: Dr. ANIS AHMAD

Program Name: M.Sc. Physics



School of Basic and Applied Science

Curse Code : MSCP6002 Course Name: ATOMIC AND MOLECULAR PHYSICS

He- Atom

2, Spectrum of Helium

The emission spectrum of helium resembles the spectrum of a mixture of two alkali
atoms. There are two each of the principal, sharp, diffuse and fundamgnml series, all
Having different limits. These can be analysed into two sets of terms, with no apparent
relation between them. These are singlet and triplet terms, as shown in the eneigy-level

diagram in Fig. 3.
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He Spectra
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He Spectra

We note the following facts from this diagram: :

(i) For each singlet energy state there is a corresponding r;riplct energy state, byt there
is no triplet state corresponding to the ground singlet state (1 Sg) of the He atom.
(ii) The triplet states lie a little deeper than the corresponding singlet states.
(iii) The energy difference between the ground state 1 IS.-;. and the lowest excited State
1s relatively large.
(iv) The triplet states do not combine with the singlet states. 2
(v) The experimental value of the ionisation potential of He, as obtained from the limit

of the principal series (1 'S, — m lP.) is 24-58 eV, and the total b
ground state of He is 78-98 eV.

The division into non-combinin

inding energy of the

g singlet and triplet states gave rise to the i

T - : : idea tha

helium occurs in two forms, parahelium and orthohelium. Atoms of the parahelium hl;hg"
- Ve

anuparallel electron spins giving singlet states. while the atoms of the orthohelium hav
e

parallel electron spins giving triplet states. An orthohelium alom can lose excitation
energy

‘-I"|| e | CL'I,L‘;]'("H ﬂnd beCOmE' an at [) I w;l Ie
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He Spectra

i

oolion eergy n & collisonan esome o o of oo, Ol e
Aorfore & mixure o b, il i prally comet, W 0 oo
gling of e e s o o sl onunbinng jskns folows fon

Qunm meanics,

Name of the Faculty: Dr. ANIS AHMAD Program Name: M.Sc. Physics




School of Basic and Applied Science

Curse Code :MSCP 6002 Curse Name: ATOMIC AND MOLECULAR PHYSICS

References:

1. Raj Kumar, Atomic and Molecular Spectra: Laser, Kedear Nath Publication, Meerut,
2015

Arthur Beiser, Concepts of Modern Physics, 61 ed.,McGraw Hill, New Delhi, 2008.
Harvey Elliott White, Introduction to Atomic Spectra, McGraw Hill, 1963.

bl

G M Barrow, Introduction to molecular spectroscopy, Tata McGraw Hill,Japan, 1962.

5. Internet

Name of the Faculty: Dr. Anis Ahmad Program Name: M.Sc. Physics




