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the partition function 18 larger

m les in zero energy level. Therefore, : .,
:: hi:;;: :::;;l:f:tm. Caknh cet” 1‘::;:4.{
Factorization of Partition Function
Partition function ig defined as
...... (4.28)

Q=LEg; g it
sum of contribution from the different
nal, vibrational, electronic, ete. If we
ur is independent of all

molecule is the

lational, rotatio _
d with any one mode of behavio

e energy by

The energy € of a
modes of motion like trans
assume that energy associate
other modes, then we can defin

EzET‘i‘Er*'Ev"‘EE

and gi=ET+gr+gv+gc

rotational, vibrational and electronic
are degeneracy of translational,
y. So equation (4.28)

where Ep, E,, E, and E, are translation,
contribution, respectively and gp, 8. 8, and g
vibrational, rotational and electronic energy level, respectivel
can be written as

Q _ E(ET gr g‘r Eﬂ} ,E_{Et,+E['+E\'+Ec}IrkT
ar Q=t gy E—-Et!k'f oy g E-E,.M:T % E gy E—EV&T 4 EE,: E-EEHtT
or Q=Qr-Q,-Q, Q veeres (4.29)
1

Equation (4.29) is known as mullipli ‘ tzati
= _ 2 : plication theorem or factorization
partition function. This _facmnzatinn means that we can investigate each r,::::m;rib1.:\&:’.(?1-1'1r
zp::telry;dFr:m :q;.:amn (4.29), it follows that the net partition function is equal to
product o the separate partition functions in i type
‘energy independently associated with molecules. e ety 1 oy
!

4.7 TRANSLATIONAL PARTITION FUNCTION
By definition partition function is given by,
Q=rg e it

twnalenergy an ﬂm trnnalatmnal energy levels are non-
onal p n function can be written as
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Q, = L e " h*/6ma WP e bambr

Qt=Qx'Q}r'Q'=

i If we consider the motion in x-axis only. 4¢ ;
function (Q,) can be written as Y. then corresponding partition

Q,=Le™ h%/8maZer

_ From equation (4.33), the Qy can be evaluated. The increment of energy
between adjacent energy

levels of translation is so small that the translational
_partition function can be e

valuated by integration over all quantum states (from 0 to
‘®). In other words, the translational energy

levels are so closely spaced tlm:the
variation of energy may be taken to be continuous and the summation in equation
- (4.33) is replaced by integration,

Hence

=
Q“ ] j E*"IIE hgfﬂmazﬂ SRS {4.34}
0

h?.

P 1
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Substituting the value of Q,, Q and Q, into equation (4.32), we can write

@ kDME
Q; Qy Q,_ = “m abe

@n mkT)™* cevers (4.39)
Q=T Y
- (2“ L ]M D Rl 8 Y (4.40)
h'z
where V is the volume of the container. Equations (4. 39) and (4.40) give the
expression for the translational partition function of a single molecule.

or

Example 4.3
3
Calculate the translational partition function of Hy confined to a 100 em

vessel at 288 K.
Solution

2.016 x 107 3 ke _p7
Mass of H, molecule = 00 < 1{]23 E_-3348x107" kg

Vv =100em®=10""m®

R =1381x 102 JK!
b =6.626x10Js

Q = _(hz’gmfs-v

+< Q.= (3 x3.14x(3. 348&19"27}:&{1‘3&1::10%293 W
Tt fsmxw% e




Otod ==, giving
= ~J 2
Q.= ]: (2J +1)- IHDBIBT 0y (4.43)
or Q= J: @repgtiecggs - ELEEI 444
2

where .nzgh—

8x” IET
AgainputZ=J(J + 1)

el dZ=(2J+1)dJ T TR (4.45)
Combining equation (4.44) and (4.45) =

o
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tion function of & linear

R tional part
This is general eguation for rotation value of o for homo nuclear

uclear) diatomic molocule. The S
(homonuclear or heteron ) s hp:um end to end rotation yields an equivalent

symmetrical) hnea molecule
z:ntatinm On the ut:lur hand. the value of o for heteronuclear (or wnaymmetreical)

linurmulemﬂesuchuﬂ={l‘=ﬂ.{}==(f==5ctc is 1.

Example 4.4
Calculate the rotational partitio

for Hy is 4.59 x 107" kg - m®, symmetry number o = 2.

o function for Hy at 300 K. Moment of inertia

Solution
_ Bn° LT
o h?
’ —"T u'n am X
Qr =ﬂ3¢[3.141'3} x459«10" x138x=1 x
2 x (8.62x 107
=171

4.9 VIBRATIONAL PARTITION FUNCTION
The partition function for vibrational energy of a diatomic molecule is given ]
by
Q,=Eg, eV cenes (4.49)

As the statistical weight of each vibrational level is unity, equation (4.49)




S —

i Sta
P“”;;}HTMM Thermodynamics 277

. L
=g -, Thug we hﬂ'\-’E

Ql.l T I - E"‘ = 0 E—h._.u.']_"

= = =hvikl~1
or Q,=(1-e IS LR A T (4.56) .

For most diatomic molecules, at ordinary temperatures, the value of Q, is
nearly umity, because hv is appreciably. greater than kT.

4.10 ELECTRONIC PARTITION FUNCTION

Many monatomic substances as well as a few polyatomic molecules, possess
multiple electronic ground state. In most of these cases in their normal state, there
are two or more different electronic levels where energies are so closed that they may
be assigned a single energy level with a statistical weight factor greater than unity.
In addition to such levels, there may be excited electrons states whose energies may
be much greater than that of the ground state. As we increase the temperature, such
excited states become more and more occupied. In such cases the electronic partitinln :
function is greater than unity and various with the temperature. The electronic

partition function is given by
Q.=Lg E_EEmT wieees (8.56)

where g, is the statistical weight factor

: ual to +1)*whereJiat.hewta?l .
:cai: and E,_.{Ethe energy in the electronic state, in excess of the lowe

of each electronic level, normal or excited and

angular momentum number in the given
st state. Thus,

Q. =L(2J+1) P2 S S (4.57)
In the ge;lneral state, the energy is zero, i.e, € = 0, thus equation (4.57)
& B (4.58)
Q,=5(2d + e’ =F2d +1 A

: 154'53}’ = f@iﬂﬂ+ 1). Th degeneracy of electronic ground sta
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Table 4.1 Ground State Electronic Degeneracy

Atom H He _Na Ca
p— _4___1 i —— e 1 — — z ; l
Term/Symbaol o 1 Sy B2 Sg
=4 i ‘ 1 2 1
2] + 1 2 it

The term symbol ** 'L is a short hand notation for all angular momenta of
an atom, viz.. the spin angular momentum S, the orbital angular momentum L, and
the total angular momentum . Mathematically

S=%8:L=%L and J = L + 8 (for atoms with Z < 30)

where S, and L, are the spins and the orbital angular momenta of individual

electrons in the atom respectively. The ground state of electronic states of free Etﬂﬂ]i
are generally degenerate-for hydrogen atom with electronic configuration ,S spin
S=12and L=0s0oJ=L+8=1/2andg,=2x 1/2 +1 = 2. For helium atom with
electronic configuration 152. spin $=1/2-1/2=0and L=0, so J = 0 and hence
g, = L. Thus for H-atom, Q, = 0 and for He atom Q, = 1.



