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Elecironlc Energy Mode

» For example, consider monatomic gas ..

— two kinds of energy/motion

« translation and electronic Q=QuQq
 Already examined translation, what about Q,,

» There is no general (simple) analytic model to describe the
electronic energy levels and degeneracies of molecules/atoms

* Examine sum e
el :zgelie il

i
— convenient to write in terms of characteristic temperatures
for each level O,i=6q;/K 9.3/ (K

el z/T

Q go eIO/T+ge ell/ +ge
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Electronic Energies

+ For convenience let lowest elec. energy level have “zero”
elec. energy (6, ,=0) N; essentially 0

T <<6?eII = g;e Sl —
Qel =0t gle faall + gze_aeI'Z/T +
*9e|,i/T _
« For a great majority of atoms hT >>0u; =08 " =0,
. - ”
(and molecules) » >fewx 104K i level “saturated” (“maxed out’)
fori>1-3
» Example H atc&J =
— state *"/,7 9,=2J+1 6 =hci/k =1.438cmK¥
2p =118,300K
n=2 251/2 12 312 } 6,~118,300K

9,=8
/1 121.6nm 0= 0zs, F02g, T Te,,
_1 g2 037cm* _ &0
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Electronic Energies

, T (K Q. E/NK (K

e Example H atom (con’t) 380) 300 '3210,16(6 )
- ~118,300K /T 5000 2.00 3x10°
Qu i ~2+88 20,000 2.02 1263

— S0 Qg =2 for most T of interest Most H stay in ground elec. level
’ but small change

- E,/N=kT? 1 Qs kl(9.5><105 K 67118'300'(”) in Q can be
Q, oT 2 signif. on E

» Example O atom
— 4 outer shell electrons, more complex structure

ISO I 3|32 3p1 3|:;0 1D2 lSO
_h ) ) O
— T T T T
D, — Quo=0,+0.e " +0,e " +0. T +gde T +...
227.6K 326.4K 22,818K 48,594K

~5+3¢ T +e T +5e T +e T

Energies from physics.nist.gov/PhysRefData/Handbook/Tables/oxygentable5.htm
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Electronic Energies
» Example O atom (con’t)
276K 326.4K 22,818K 48,504K T(K) Qo
Quox5+3 T +e T +5e T 4e T 100 5.35
' oy 1000 8.11
f-9€ " 5000 8.86
i Q 10,000 9.41
- lowT: ) ) . 100%
ground level (i=0) contributes & 4,
most to Q,, 3 gon
— med T (~100-5000K): 5 0%
1tthree levels (i=0-2) have ¢ ™"
most of population g 2%
— med. high T: 0%
i=0-2 nearly “saturated” (T>>6) 100 1000 5000 10000
and i=4 nearly unpopulated Temperature (K)
_22,818K quasi-two level
Quo~9+5e T electronic model
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Electronlc Energy 2-Level Model
» With only two energy levels, we can write
Qu=0,+0,e ™"

 For total elec. energy we have ,
, 1 aQ. , 1 dXge")
E, = NKT? — ==L = NKT

z ge " oT
— but simpler, (no derlvs)
E, =Y N =NY g ¢’
_ —Hl/T
for 2-levels E, = NKo, g g:g —
_ 0 1
G=(9,/g0 ™" c PECIS
e,=RO,—— =¢, = R(lj >
1+G o T) (1+G)
e o s s AE/ME 6765
Y P——
ok || Srgthear
2 LeVeI EIeC OBEI T T T T T T L 171-7\7!5
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» Normalized values o 04f /-";___ —
E / T Level 1 3
e, G S 015 Fyiaeion A satu-
ReTG S e
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c, m G 0;5/. A LA
= = 05 T T T T
R 1+G 2 - I T I B
( ) 04? \'I‘I‘f\\\ ; E
« Specific heat initially 0, & o5- | \/g“%” E
rises, drops back to 0 NN \( 969 =05
- Whyo 01 ;—‘f‘ \\\n:_\_,__ 3
® 2-|EVE| ee| “"mitEd" D:J':‘Il I R | -[:-jfti__l:_f'_\:f‘l'_??—w—*r;
foo= 1 0 1 2 3 4
Linax g() + g1 T/B.I
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Entropy of Elec. Mode

» From entropy for internal mode (InN and 1 term
associated with S;)

For 2-level model

s, = Nk
— for Q~g, (T<6)

S, = Nk

Ee
Sel = NkInQe| +?I

\

In(g, + g,e™" )+% ”

-

change in S, dominated
by energy term

Ing, 29

-0,/T

g,e

+g,e
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