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Translatlonal Energy Mode

* Begin by examining relations between TD
properties and pure translational motion, i.e.,
translational energy

* Represents

— complete energy of structureless particle, e.g.,
electron or proton in absence of electric field

— TD properties associated with just translational
mode of particle with internal energy modes
assuming &, and &, are separable (most gases)

» Use particle in a “box” model (confined)
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Translatlonal Partition Function
* Translational energy y n )=l W (n n o’
of given quantum state """’ 8m\ L. L, L
 Translational partition function

1/2
0=%ee " n=gi (i) O=Te T ze

* Can s1mp11fy analytically if we replace by w1th |
— spacing of exponential arguments (nlnl)‘7
Ann,)=n, [(n +1) —n; ] =n.[2n, +1]
— for N, at SATP, ,~10
— previously (Boltzmann limit), we found »; KE, 4x108
=A(nn)=0(10)...... small!!!
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Translatlonal Partition Function
Qtr,[ — Ze—ﬂfniz " E%[ﬁjvz Finm) JF(x)dx = > F(x)Ax

* Since A(7n;) small
0 2 n

Qtr,i = J.OOO €_77‘2"‘z dni = J.O e n; M
- o il
L e dx ﬁ/2 \/; 1 7z1/2 { 2 ]1/2 o —

2 [0 Y
Qtr = Qtr,thr,yQtr,z = 8 £8kaJ LxLyLZ LrLyLz:V

=volume

2mmkT 32 this result valid only for temperature “high enough”
er = > that integral is good approximation for sum
h generally valid for most practical conditions,
e.g., T> O(1K)
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Thermal DeBroglle Wavelength

* Can define a Thermal DeBroglie Wavelength (thermally
averaged for system of translating particles)

B2 12 L\
A= ~1.746x107°| —— |  with units mK"?
2mmkT MT

— then Qtr =V/A3 molecular weight (amu)

« Example: for N,, A is
— 0.033 nm @ 100 K, 0.006 nm @ 3000 K

* Turns out Boltzmann (dilute) limit considering just
translational energy is valid for V/N >> A3

— so normalized box size >> A
« For N, @ SATP, (V/N)/A3~ 5x106...Boltzmann limit okay!
O AE/ME 6765
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Translational TD Properties: p

» What are TD properties of translating particle
— use Partition Function relations found previously

* Pressure
= NkT olnQ
W lev Q, =V/N
3
D, :NkTi% = NkT A 13
Q[V aV E.N V A
Thermally Perfect (Ideal) k=R/,,
PV =NkT Gas Eqn. of State n(moles)=N/#,,

* So purely translating particles produce

D pressure pressure associated strictly with

translation energy/motion
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Translatlonal TD Properties: E
* Energy p_ a2 9In0Q

oT
ﬂ — kTZ aln Qtr _ kTZ L aQtr

N 51T ; 0, or 0 - [27zkaJ3/2V
_ 2 1/2 r 2
=kT?— | ZbyT i
E, _ 3 k average KE
N - 5 T per mol;cule l g
— can also get from
étr = E T e, =—RT Kinetic Theory
pode T2 2
Y dT 3 purely translating particles are thermally and calor. perfect
Cor = 5 R (if independent, Boltzmann limit applies and if X—])

TPG= é,-¢,=R ¢,,=52R 7=¢,/c,=5/3
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Equlpartltlon of Energy

* In classical Statistical Mechanics (before QM)

— can be shown that every energy mode that is a
quadratic function of a degree of freedom of the
system (e.g., position or momentum) contributes a
value of /2 to ¢,/R

— Principle of Equipartion of Energy

* Thus
¢,/R = number of quadratic “modes” x "2

* For translational ,
energy mode & = Yamv;

2

=1 =1 2
g ="amv, & ="amv;

= / R =3 x V4 same result we got with OM Stat Mech (for R}

wir
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Translatlonal TD Properties: S
3/2
* Entropy S=Nk(1+ln%j+§ 0, = (—2 h”j V =bT"V

302
S, :Nk(l+lnb+ln TNV}_%Nk E,. =3/2NkT

:Nk(1+lnb+élnT+lnk—T+§j
2 p

Nk(%lnT—lnp+§+lnka

Sachur-Tetrode Equation

o OV k>
S, 5 ln T n p N ( 5 +In &J absolute entropy
3 1
R /2 2 e gives. famzha; cpg result
L watch units!! As, ¢, P
¢, / R for transl. const. for given particle m R R T] P
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Translational TD Properties: S
« Example: noble gas, low p & T (negligible elec. energy)
* As expected, tpg

30
s¥ as T4 and pT
— why is this Bl SR e
consistent with &, 1222 £=: = -10kea
Stat. Mechanics * 05 TET T [ haramann
reasoning? 7 1 A Limit invatid
* 3rd Law: S—0 PPN o 1 e 1 e 1 e AT
as T%O‘? 0.01 0.1 1 10 100

T (K)
— No! why S<0? Boltzmann limit invalid

— recall s/kN=s/R =In(Q/N)+1+E/NT
* if require Q,/N>>n then only valid for s,/R = Inn + 5/2
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Translational TD Properties: p
. Chfmical Pé)tential 0, - (27szkT f/zV _ Ty
n=—kT'ln= h
Mo ey a4
o, = —kT(lnb +In j = —kT[lnb +In )
N pV/kT

=—kT(§lnT—lnp+lnbkj

_ 32 52 _
L, =RT{—ln{m}—%lnT]+RTlnp

h3

g compare to tpg result

:utlr)’(T) y:yo(T)+ETlnp

sign (<or>0?)
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* In the limit where Q,. X ~ | (+Boltzmann limit valid)

2omkT "
0, = (7221—2] V' = function of T and V

g

E”/N:%kT ¢,,/R=3/2

P, =p=NKTJV

3/2 7 5/2
=glnf_mp+[g+lnm]

h3

S
R

_ 02 3 _
4, =RT[—ln[m}—%lnT]+RTlnp

h3
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