Part 8. Statistical Thermodynamics

"

|MoLEcue AR PARTITION FuncTeon | 2 |

PROBABILITY OF
FInDiNG A MOLECRE

IN ENERSY LEVEL C

MOLECULAR PARTITION
FuncTion ("sum ovge
MOLECULAR STATES",
“Li1TTLE ZED™)

I CASES WHERE TWO OR MORE MOLECULAR
STATES HNAVE THE SAME ENERGY , USE

9; exp(-E;/kT)

. = "degenerocy” oF ENERGY LEVEL j
3 (mﬂﬁ& orysrm'es WITH euenm}’ e;)

’

Ny o my G.=3

£¢ - 9e=1t

Eg 3 — 9": z

&y _— &%=

g = =— = == Jamd
i 49:=2

—— g, =1
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SYSTEM PART|TION FUNCTION FOR N MOLECULES

THE ENERGY OF A SySTEM OF NONINTERACT ING,
MoLECUES (eq., AN 1DEAL GAS) A, B ¢, ...
/S E: EA*EB*EC‘...

THE SYSTEM PARTITION g
Funcrion ("Bi6 BEDY) | = ZQP E"feifa*"-
IS THE SumM OVER i kT

SYSTEM STATES

FACTOoRS T :

2 = [Fort 7o ) [rome 2] -

A [) [

IF THE ENER&Y LEVELS FoR EACH MOLECULE
ARE IDENTICAL =
Z=32

N
Z = |sexpl b Fo
i XP(_ kT)] = qagfvzé:osuwe

e e o o

MOLECULES

FOR INDISTINGUISHABLE MXECUKES, N/

INTERCHANGES OF MOLECULES CAnN BE MADE
WITHOUT PRODUCING A DISTINGUISNABLE STATE

(e-9., E=§,+ Egy* Eeat = Ept B ERt™)
SO THE SuM OVER STATES IS_SHMALLER &Y
. B
A FAToR ©F L D - 2 I
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CALCULATION OF THERMODYNAMIC L uNCT)oNS
FROM PARTITION FUNCT/IONS

THE _ENER&Y SYSTEM ENERGY E = ZNE;
¢

E = N’- ‘E —NZPE

p. = PROBABWITY _ expl-E; /kT)
¢t~ oF STATE( 2
NOTICE :
di = 2
i(kT)] kT2 0 *C'P('kr)
MULTIPLY BY NKTYz: 5‘25:23‘.&&
NkT® 42

a2 ch(El
5 gy — g 'P/ﬂ—”

BETTER NOTATION:
HOLD N
SYSTEM g _ Nkr'(al. z) R

CONSTANT 7O
ENERGY oT Ny | Fix THE
» ENERGY LEVESS
(E;)

USING, THE SYSTEM PARTITION FuncTion
= 2'/nN! a2 = Nidnz— LN/

ik G
(N Cov\ﬂud‘) or N,v
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THE ENTROPY Engesy U=E
dina = ddnz (au u_
2 ( = dT + dv = Nkﬂ tu dV

NV »r

d¥) = Y gr dU -df=Z
[F)= -5 ()"' 7

dinz =—;;IJ(T) +~kr ( 2Z)dv

~)T
REARRANGES TO:
a4t .,.[d(.) + Nkdlngz) — NkT(‘u"*)dV
. N
| ;1
ComMPARE dU = Tds —PJV
WITH
= dfVv
Find  dS (T‘) + Nkdbn2
U U
Ln;ﬁ:'&:"re - .F + Nkdnz — — + kb2

J ¥¢ g o
USED NkdIng = kdhng" = /um.z)
THE PRESSURE

NOTICE ALSO p=N ‘T('ag:;—a)“;f kT(a(#z

NT
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HELMROLTR2 FUNCTION

A=u-Ts =u-T(¥ +AI~Z) =l kT/aZ

ENTHALPY
H=U+pV = kr‘(«?ﬁ?)+krv&
)Tv oV A

& IBBS FUNCTION

G = H-TS =,_/(T,P..Z +kw(é§lhv_z)r

e

AN _INTERPRETATION OF THE ENTROPY EQUATrON

PROBABILITY > — expl-£;/kT) =
Jovany 4 = S0 =1
e InPi = -5 -/pnz = Unz =
KT x
) - NZFRE; g
S=2+Nkba =70 + Nk(ZP) a2

_ NZRET 4
= ‘/"T—“”/‘{—’i'(ﬂ"i-*ﬁ)
Lg = ~NAZ PInP | ENTROPY 1S _INCREASED

{ BY "Mixii& A LARGE
(smure ™ 43, > NUMEER oF POPUATED STATES
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APPLICATION T0 A MONATOMIC IDEAL GAS

£

y T SoLvE TE
SCHRODINGER

C EQuATION OF

a Wy GUANTUM MECHANICS

ot CDONE MREAD YT)
v, Fok A "PARTIcLE

IN A Box'' OF

fe—a > WIDTH G LENGTH &

AND HEIGHT <

THE ALLOWED KINETIC ENERGY FOR TRANSIATION
IN 3-DIMENSIONS ARE WNAT CoNT/NUOVS, RUT

ARe "DISCRETE” (Omey CERTAW VAWES Aiowed”)

K fnt | n 3
E(“,,";,"3)= 8“ (Ei * %,' + -:—2'

= Morecutar MAss (m = M/L)

m
-34 ’
h= 6606xm Js (PANCK'S CONSTANT)

n. &= ') z, 3,.Oa "
n,= 32, 3.. QUANTUM NUMBERS "
na = '7 z, 3,0.‘

For A /00 § mol™' GAS In A ONE LITER
CORTAINER AT 300 K, TYPICAL VALUES

OF N, n, . ny ARE ~ s0'* so E ENERG
LEvELS' ARE VERy QusELy 3Aced R CONTINUAUS)




exp [ -'— + —- + :A;T‘I(le
z Sn kT —

WON

= @nmkT)"% (amm"‘s LmmkT)"

h h b
_ QTTM kT)sha_A; _ (Zﬂ‘nkDinV
€ = 12 - h3

V = VOLUME OoF RECTANGULAR CONTAINER = abe
FOR N= L= AvoGADRO'S NUMBER of MOLECULES,

THE SYSTEM _PARTITion. FUNCTron /s
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ENERGY FER MOLE OF AN 10EAL. MONATOMIC GAS

(N=L)
E. = U, = LAT (‘V"') = kTYIl2
Ny aT
= k1t a_V{ T
s 3LkTL 2 24T
2- T

_ - OBTAINED THNE SAME
E.=U. = %RT RESULT PREvioUSLY
USING MAXWELL'S
KINETIC THEORY
(CLASSICAL MECHANICS)

ENTROPY PER MOLE OF AN IDEAL MONATOMIC GAS
N=0L)

So. = YUm =g-‘1'- n | "'kTmL
= e ks T+U[L‘!(eﬂ;.*s)9]

= %RT ~k(LInt-L)+ Lk B (vak'r) v]

=3, (2mmkT)™
-i +Lk + R L L 43 ]
_ 2, Y| sexvR-Tereove
S = {_R T kﬂa[(z"“""") v.‘] E&Uu :Tuw

LK3 J l
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How RELIABLE 1S Twis ReEsveT

EXAMPLE  Ar(g) AT 2S5 C (29845 K), / bon

v AT _@34s Keal) 29815 K — 0024790 m
TP 100, 000 P mol

0-039948 kg mal™ ~26
-~ . = 6.63352 xy
m=M/L 602214 X /023 mal™! ol

- 34
A= 662608x 10 JTs

-13 -
k= +38066 ®r0 T K™

s (2meakT) v
5..‘-‘-—[“"&'0"{ LhS ]

T
K meol

S. = 2079 +13406 = /54:85

EXPERINENTAL RESULT... (GLASIICAL)
MEASVRE Cp, (3) CP.-.‘Q),' Com®); Apv%n.’
A”Fus,u-; Tva,o, T#us ot (/dar)

= Toug
{&93"5 K) 'o‘ IS«(B«)/ +oS Spu®? _‘;'_(s) a7 + Vs

Tv‘p -&'“5
AH 29818
*jsmq)ﬂ‘i- B o (G e J
Tus T Tvep J-'I‘_ ol *%kna
T"'P fwow/
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QUANTIZATION oF THE TRANSLATIONAL.
ENERGY OF A &As /S NOT OBSERVABLE

KINETIC. ENERSY IN THE X = 0IREcTION

2 2
E. % L kT = h Ny (EQuIPARTITION)

3
IR
N
»
E
|

2a ,
7 e

ExamMPLE Ar:o..(a) N A ] JM:’ ConTAINER
(0:1 m by 0-1w by 0-1a) AT 300 K.
a= 0| m M = 0-03995 Ky meol™!

n, < leo, (GNEkay LEvVELS uosec.z SMCEA)
(NOT OBSERVARLE)
EacH ARGon ATom HAS ACCESS 7D

QUANTUM NUMBERS L3
'o §b-=i 271 470"
1 2 n 2 0" (1’-‘1%*10 £
P&

30
FoR A 7oTAL OF = /O eomMBMATIONS

FOR A MAE OF ARGON /N A [ LITER VOLUNE,
THE NUMBER. OF AVAILAALE STATES FER AToMm
1s o 10/6x0?® < 106
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VISUAL /LLVSTRATION OF GUANTIZATION

NOTICE  THAT THE ENERSY-LEVEL SAACIAG /s
PROPORTIONAL TO 1/(ma’) . ME DiFFERENCE
IN ENERGY LEVELS Wit BE LARGE (AND
ORSERVABLE) FOR LIGHT PARTICLES ConFmiED
T SMALL voLUMES,

FoR DELOCALIRED ErgrThons (vEwry LIGHT,
"S = Qu xt0” ¥ ke) /n CoNUGATED DovBLE
BSnDS (vERY SMALL) , THE ENEREY SPACING /S

Lt ENERGY OF _
3,..az=AuoklEb =hr = hE
€% T LeHT A

2 lc c:SPEEboI;uiIH‘
FinD A = c“ =3.00 %10 s-ﬂ.

5,
A = WAVELENGTH OF AELSORBED LIGHT
v = FREGUENCY oF AQBSORESED LISKT

FoR DYE MOLECULES, Fwb:
=Iln
l‘a—"’l A =330 ne (ULTRAVIOET)

O/\V\\Mo COLORLE §S |

LZ nm o) A= 475 nm (m THE Bu.uE)
WAV ARSORRS BLVE LIGNT,
Loolqss RED ’

he— )4 nwn =i Aann
W@ A= €S0 nm (i1~ Me RED)
ABSoRRBS RED LIGHT,

Looks BLUE
.
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APPLIZATION: DIATOMIC MOLECULES

HAVE ROTATIoNAL AND VIBRATIONAL ENER&GIES N
ADDITION To TRANSLAT/ONAL ENERSY

SuM OVER
MOLECULAR - & /kT ALL
PARTITION z2 = Z c E:fﬁ«“.“:
FuncCTioN L m’“'. 5 ”' ke
?
VIGRATION.

. = 2 2 2 e’[EJ(ﬁ)"‘EJ(m)‘* €, iny)/kT
\"4

2 J

In MOST CASES THE DIFFERENT ENERGIES
¢AN BE SEPARATED (m A ool APPROYIMATION)

5 £ i)/ KT
2 =(‘QZC-E,!{+¢)/RT)(JZC—EJ(r,;)/k‘r)({e .¢ & k)

o\

2 = 2y 2. 2

E= Nsz(?;;;_f — Nth hny. + A 3ro++ n !v-':.'
M

v oT

E=E,+E 4+ Epy

C—y =Cv+r +CV!D" +va;‘
S =5, + Srat T Svib

e+ec.

aT

=
Jﬂ,v

ProvIDES DEEPER
INSIGNT BY SEPARATHIG

THERMODYNANK. FUNCT 1oMS

INTO CONTRIBUTIONS FRomM

RANSLATTON.
;ouo vIBRAF

ROTATION
onN

(
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ROTATION OF DIATOMIC. MOLECULES |
m2,

SOLVE SCHRODINGER's EQUATON FoR A H——
BonNd DOES NOT STRETCH

R'G@—R“Arok (As ROTATION INCREASES
Eind THAT ONLY CERTAMN ROTATIONAL ENERGIES

ARE ALLOWED :
QUANTUM
AZ NUMBERS:
E:J(ro+) - J<J*') 8wl (J"O,I,Z)
34 = 2J+I| DEGENERALY OF LEVEL J

CONVENIENT To DEFINE THE ROTATIONAL CONSTANT
MOMENT OF INERTIA

Az
O = Tk I= SR

FOR _UNSYMMETRIC MOLECULES (&.9. €O):
o0 ..J(Jn)é /T

- EJ(rof) / kT

2, =2 ge = D (2u+1)e
A"" J=0 Fok
CLOSELY
~JU+)8, /T SPACED
= S(ZJ-n)e dJ ENERGY LEVELS
, T >> 6,0
GAS Oret /K
2 = 1 co 2-718 Boet
ret T T HF 3013 |& ETRA
erof HCI 15 .24 30
NI  9-43
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FOR SYMMETRIL MOcEcuLes (e.9. 8ry):

N
Br—8r = Br— Br INDISTINGUISHA BLE

AFTER E'. LOTATI0N

VALID FoR T > 6,0t

rot —
) N 2-81
2 rot 0, 2.028
Cly 0-3s51
2="SYMMETRY AUMBER" 8o, GrHs

FOR N ROTATING DIATOMIC MUECULES :

Uret = Nsz(%‘i = NKT" d(InT+consmnr)
T Ny ar
= NKT(Z) = NkT 1
SAME AS (AST
* Uraf,.. = kT = RT TERM'S CCASSIKAL
RESULT FOR 2
AXES ©F
* cv - (a U"th ROTATION“
’t ConTINUGO
vet ar N v ( EmERGY
T3> 0,04 |

R WARNING : THESE EQUATIONS ARE NOT Ace VRATE
AT VERY LOW TEMPERATURES OR FOR Coot H)
(ENERGY-LEVEL SPACING NOT NEGKLIGIBLE)
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VIBRATION OF DiATOMIC MOLECULES

TRANSLATION AND ROTATION (EXCEPT AT VERy sow
TEMPERATURES) CAN BE TREATED USING CLASSICAL
(NEWTON'S) MECHANIKCS BECAUSE THE SPACING OF
THE ENER&KY LEVELS IS <<< THE THERMAL

ENERGIES OF THE MocEcuweEs (~ AT).

BUT MoLEcuLAR VIBRAToN |3 ~NOT CLASSIcAL

EVEN AT RIGH TEMPERATURES ’

SOLVING THE QUANTUM MECHANICAL EQUATIONS
FOR THE WARMONIC OSCILLATION OF A dlATOMIC

le—ax —j

o/

.
2n m,my
GIVES THE EVENLY-SPACED ENERGY LEVELS
VIBRATION GQUANTUM AUMBERS

Evie= (n, +3)hw n =0,1,2,3,..

QAUANT UM MECHANICAL sukﬂkcse.l A HaRMONIC
ASCILLATOR CAN'T MAVE 2ER0 ENERGY, THE LOWEST
ALLOWED ENEAGY (2ERO-PonT EnERCY) 'S hv /2.
AN OSCILLATOR WITH RERO ENERSY WOULD BE LOCATED AT
THE MINIMUM N TRE ROTENT ML EJ%Y, WMICH POU)
VIOLATE THE "UNCERTAINTY PRiInciPLE "
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DIATOMIC FREGQUENCY

e/t VIBRATIONAL. TEMDP,
<~

— 6y /K
Ha 131-8 %0 6323-8
HI 69-24 x10'? 3323
Na 7074 x (0'* 3395
O, 47-32%0' 2274 Bt
Br, 9793x%10'2 470

FREGQUENCY V' AND LARGE sMcn’vc, oF

Hy BoND => STRONG, AND STIFF, HIGH
VIBRATIONAL ENERGY LEVELS (AE =A¢).)

CONVENIENT TO DEFINE THE “viBRATION TEMPERATURE"
AS A MEASURE OF THE SPACING, OF THE
VIBRATIONAL ENERGY CLEVELS :

hv <
B — AP —
! T v K

I BECAUSE OF THE STIFFNESS OF CHEMIcAL
Buﬂbs) VIBRATIONAL ENERGY SAAC/nNGS

(k) ARE USVALLY GREATER THAN THE
THERMAL ENERGIES OF ROoM~TEMPERATIRE
MoLecuces (#* kT) .
6, > 300 K (usvacy)
* MOLECULAR VIBRATIONS ARE NOT CLASSIcAL
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MOLECULAR VIBRATIONAL PARTITION FUNCTION

00 o0
2. '—‘,.“Z° exp(~€, /x7) =A,.v§° Q’f[‘ ("v; £)6,/7]
2, = exp(-6,/27) :i exp[-n,8, /T]
. v‘o

DEFINE x = eyp(-6,/T)

' '
1"‘ = 'x,z(l*"x'flxz#‘l’-fm) = W
2y = S¥P te /2m DERIVE THE
I = expl-64/7) EXPRESSIONS :

Evip = Nsz(a""!v;b) = N&§, I+eyp 6,/7)
T N,y

2 b= e’r(.ovﬁ)

Cv(v:b) = (35,,. ‘)

ar Iny i Nk(ﬂ) l a4

f [1-expt-6,m)]*

T—> 0] \7Riciey! T—>e
Cvi> O G o> Nk (Rpermee)

£y L0 23;::’37) |E,~>NKT  (RTper mde)
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CONVENIENT TV REWRITE EQUATIONS AS

= k(S °v_)
Ev:b"' k(z * ev/-,-_l

c
Coni= N[8)E _e®/T
h‘) (?) (ea:lf_l)z

AWARNING X /N SOME TEXTBoors (AGouT OnNg
HALP ) VIBRATIONAL ENERGIES ARE ExESED

RELATIVE T® h¥/2 (THRE RERo- POINT ENEMSY

IS 1GNORED) WHICH GIVES NOT

X Ep = nkb, [(e*T-1) Recorneee
EXAMPLE ci(? AT 25 °¢ N=Q

Loox vP 6, = 3122 K @
Evibte) = ‘(‘2‘" ;e&'r?._) = 12,979 T mel™

CV(V'B)M R(T) (eo,l-r )

Noz) ™ EMT kM e
_ €, /kT =& =
No=o) e -10-47 VIDOATION

= e = 0-000028 (su.mneAM‘

2= 0-00311 R
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AND  HEAT CAPACITYy (AT ConSTANT PRESSURE)

STATIS
THERMODYNAMIC CALCULAT r0nS Aro;!‘A‘I
CLASS1c AL /

EXAMPLE CALLWATE THE MaaR ENERGY , EnTROPY

FOR CO(S)'

MOLECULAR  PARTITION  FuneTrion: |2 = 2,2 .2

2, = (2amk T)yl vV - (Asrun; )
v 3
h d-or-o'b Ton arot
2, = QXP (‘ a. /lT) (Mﬂ‘y;:\"{' ;c)
1-exp(-6,/7) )

MOLAR ENER&Y OF A bIATOMIC &AS
Epp = ur‘(aﬂ"*) = krT”n(%%*ﬁ%]
NV or Ny

aT

= RT? [apn!h a!ind + alni-sl

o+~
T T JT oy
= RT3 T 0T g M
[ ot * v +%‘(1-e‘ ")N
W
= 3 Rov kav
TRANS, ROT. ~ VIBRATION




MOLAR HEAT CAPACITY OF A bIATOMIC 6AS

CPM= R.*CV“‘ —k+(8r~’v

= L o aEm,{r n ro# Ew )
8 /T
—R“'}-R-f-R-f-R()—c—i)z |

w
TRARS. Ror. VIBRAT lon
(T >> 6/)
MOLAR ENTROPY oF A DrATOMK 6AS

_i.fk.pnt
Sm— -

= Bont Erotm HEuitin | fflns, +Lug 282
T

S“ - S*',“ e Sr#,n $- SV;‘M
Sackvr=
— kT)Blz (
Strm = —k .,.gln{i s TerRooe gy

Setm = R + RIT/rR)

6, -8, far
Svibgm = .,i,e 2 T W) * R""é‘fT,.,)

78
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PRESSURE OF TWE &GAs

HAVE DERIVED P = NAT %‘;i)
N

INTERNAL

P e e

= z{rlrd' 2.b

p = NkT(a‘;'\v**»

onLy 2, DEPENDS on V

= NkT 9 I (zﬂ‘hk'n’f!)
N,T

p = ~kr(a!-V) - ~kr
-

ov

|p=& _ LT _RfJ (’
14

FROpA THE MRANSLATION OF TNE
S (Mo conTRIBUT 10N TV FRosa

@ R B
ol M ]l

FRoM CALCULATED vALwES oF Emy Smy P oees
E, +RT (erTHAcry)
b = H,=Ts, =

% E.rRT=7N, (8%

Hoy = Epq + PV =

A, = E.=T5, = -~ RThn 2 (mnw”wi) |




Molar Energy of CO(g)

300 T

250

N

o

(&)
T

150

/ kdJ mol™!

E
m
o
o
I

50

2600~ —» |

rot,m * Evib.m = Em
Epn = (3/2)RT
Eﬂan
Ercot.m = RT

1 1 & 1

Porar 0O :
vI8. 0 2000

EnERsy

ASSY b O\J .

80

4000 6000 8000
T/ K

#* no ‘33‘“:‘!‘0“ £

10000




Heat Capacity of CO(g)

5 T 1 1 W
* Cm.vib
= 3R/2 i
1 L
0 2000 4000 6000 8000 10000

T/ K
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Molar Entropy of CO(g)

S

s - N <

S

vib,m

rot,m =

me—e——

1

0

2000 4000 6000

T/ K

8000 10000
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2000

4000 6000
T./ K

8000

10000
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WHERE'S THE _BEEF~CHEMISTRY 4

ONE OF TNE MET (MPRTANT APRICATONS
OF STATISTICAL THERMODYNAMKES IS THE
ALCURATE CACUHATION OF THNE PRAERTIES
AND EQUILIBRIUM CONSTANTS EFoR THE

FORMATION OF REACTIVE INTERMEOIATES,

THIS INFORMAT N /S ESSENTIAL FOR

UNODERSTANDING,

COMBUSTION PROCESSES

Pmrocnems'rky

ATMOSAHERIC CHEMISTRY (SucH As
SMO6, mmu) CRONE oeue.'mw)

FREE RADICALS (é.q. Br+)

CHEMICAL &'Acrmlﬂ MECHANISMS

CHEMICAL BonNbING

MATTER UNDER EXTREME CONOITIONS

EXAMPLE EVERYONE KknowS THAT HyDROGEN
AND OXYGEN REACT (SoMETmEs ExPLosmvery!).

THE OovERALL REACTION IS: 2H2(3)+02(3) —>2H,0(9)
BUT THE ACTUAL MECHANISM 1S MORE INTERESTING:

THE WLIFETIMES OF T
REACTIVE HO® He Do

H, + HO*—> He« + H0
He + 0, = +0+ + HO-
O + Hz—) HO* *+ He

SPECIES ARE M0

FOR DIRECT THERMODYWAMNC
MEASUREMENTS,

=>> USE STATISTICAL. THERMO BYNAMICS




| 3% warNInG |

MANY REACTNE INTERMEDIATES (@.q. H* AND HOY)
AND A FEwW IMPORTANT STABLE MRECHES
[e.q. wNO (0dd NUMBER OF ELEcTRONS (I5))]

HAVE
@® UNPAIRED ELELTRoNS

@ DEGENERATE ENERGY LEVELS (4.
Celectron spin T fw ¢) (3'?1)

@ LOW-LYING ELECTRonK. ENERRY LEVELS
(occessible ot room femperatuas)

NO PROBLEM 2 JUST /NCLUDE THE ELECTRoNIC

AN partemion FuneTron (2, ) TOGETHER
WITH THE ’YRMSLATIOIM? AT/0NAL
AND VIBRATINAL. PARTITIoN  FUNCTIONE

FoR ELECTRonic ENER&Y LEVELS (g;) AnD
DeGEnERAYES (9;)° (0.0 =Eie) /k)
o0
-E. T
L= gojue)c"P[ Eite> /KT]
‘ -Eyer/KT -Eyen/kT
- 30 & 3'e + 32'& S

-6 /T o
=g, + 9,6 © + 9.8 LI
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]

|EXAHPLE ] NITRIC OXIDE. (NO) |

LOWEST EcEcTRomic EnERGY LEvEL (E Epe)y=0) |
WAS DEGENERACY g =2 (t or ¥). )

FIRST EXCITED EcEcTRONIC STATE HAS

Oy = 17142 Kk AwD DEGENERACY 9y =
biey/T
=9, * 9.€
-4 .2
fémt = 2 + 2€ /T

EASY TO CALCULATE:

2ol
ELECTRoC = NKT [92n%,.
s | ‘ %)N,v

_———"“‘»

. 0 Rqe as T~ 60

0uey /T
Coemm = R (9«e>) e@ _w0as T
ve,m

(cbe/T 1)"-\)“0 as 7> 0
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Heat Capacity of NO(g)

T

Cpm = R+Cm.tr+cm.rot+cm.vib+cm.e
Cptr = 3R/2
Cm.rot =R

':KEHLQ

1500

2000




Molar Entropy of NO(g)

35 T Y T
Str.m+srot.m+svib.m+se.m . Sm
30 R
25 J
S'cr.m
Iilia S
x 20 "
B8
mE15 R
10 .
Srot.m
5 F ~
Se.m Svib m
e Mo bt -»?
O 1 } I
0 500 1000 1500 2000

T/ K
L
AS T —> o0, Se’n—)ﬂfn4 = %14

ONE ELEcTRON DISTRIBUTED OVER 4 Leveds
(EQUVALENT AS T —00) . 4! _ 4
T




THIS 1S A CHEMISTRY CouRSE, So ...

WHERE'S THE CHEMISTRY 3??
WMM

SUPPOSE GASES A AN B REACT T© Fokw
PRODUCT gASes € AMD D : ‘
QOAL : PREDICT THE EQuit/iBRIOM

A+2B8>4¢+3D| comPOSITION FRoM MALECULAR
P TES

PIACE THE REACTING &GASES m A CONTAINE R
of VOWME V AT TEMASRATURE T .

AT EQUILIBRIGM & dA =0

(A= E -7 = warmioerz FusicTion)

A IS A FuNCTron oF T,V (LAST 7ERm—
For PURE SUBSTANCES) AnND Now AlSo A
FuncTioni OF N, Ng N, N,

B

A(TV)N, \Ng (N Np) 00KS HoRRIBLY comPyicATED
6 vARIAGLES 2 PUT w4




g - 1

EEACTIDN EQUILIBRIUM AT CONSTANT 7,V j

dr=0  qv=0 dA,, =0

WJNA 328"“8 + %&d& + PAany=0

2
4 vaeabes .
BuT o, , g, IN, AND oMy ARE moT

INDEPENDENT . REACTION STHCHIOMETRY

DICTATES THAT THE CHANGE /N THE
NUMBER. OF MOLES OF A REACTAWT AR
Pooover 15 PORRTrnAL 7o /TS
STHCHIOMETRIC. CEFFIYENT.

EXAMPLE
A+ 2B —> 4c + 3D FoR EVERY MALE
oF REACTANT A
vA <+ rBB—, %C + D CONSUMED, 4- Maiss
A oF kawcrc
DEFINES :
G=-l =2 =4 Vv =3 (L_#
s QL QN . . B
Ya Y8 Ve /)

90



§ = EXTENT OF THE REACTION

dA,. = A A A
v = L. dN, e S +‘%d~,,

0o = A 2 24 € o 9A
GRdE + Bvpds + PR €+%\54£

n, Iy
O = % v; (als_) 8 AT EQUILIBRIUM
LY
[
420
A + B +— vi¢ + v;
a R ds <o ¢ bb
% (1 v(f—“J =o| * “”?'”W
¢ Ny Bv)’ﬁ*l
REGUSEER A= ~kTIn2
SYSTEM Ma _Ng _Ne N
PART 1 TIeN = % 25; % %L:
Funic + Mg el My
oy e
JA ) M
(~_ = kT2 (2, _ 47 2
IN; Tw N\ T E(”J»:.‘)

~kT 2 (4N
a_“’:(} n!)

91




]

0 [}
IN: o f ~ + Inz; N,: _ ?w‘(/gj,‘p'-”'y

(nuzcume PARTITrON FuncTion (N;=1) Is
INDEPENDENT OF N,

. (9%?;)5”\, = kTP“ —N\i_l'wt ‘.’.”_ .g.\%

9A\ — 2
W\)r = kr o Ni)

'No -
LN Y

AT EQuItiBRIVM :

0= £ () TEE) -1 )
[21 = 24 Birat Tivib Bie &W-v z;(uV)mubs ON V]J

mas |28 oS @Y _ gy cemsanr

iy c ¢ c - =
ABCD |t g T Garn)(Ze/Y)? e,

92



Ay(q) — 2Awq)

EXAMPLE
DISSOCIAT 1ON ¥y v, =
EQuI L 1BRIVM A, ' A -
n
5 = 5 GrmakT)” v
= 2, = 3
A ytr h NOTE: 2, /N
AnD ’-AJV
ARE F
OF T (NoTy,

= @Azt-.fo ,faxznz vi L)
2 :((zmnhkr)m VX )( e-o ol )
T\ L3 l-e 6ot

AT EQuILIBRIVM:

=524
0= 0

L

0= an(__) i-fn( Y +L(%§z

{ vV N;

= ATiZ qfnl%) = kTZ Iﬂ(ﬁ‘)

/\zJ\_‘
0 = In[Gav) ("eﬁ"] => 0 = fn[1)
(2a,/V) (N IN)?

o <£A/V)l _(NA/ ")_zz C—: = K‘(T)

(EA:./ V) —(NAz/ V) CAz

93



