Chapter 3
Particle in Box (P1B) Models
Homework Solutions
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y=Ae” +Be ™ ; @ _ ahe™ —aBe ™™, d_z/ =a’Ae” +a’Be™ =
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(No need to consider a = -2, which would just reverse the A and B terms in the solution.

—4y=0 > a’y-4y=0 > a=+4=2

Boundary Conditions

y(0)=2 — Ae’+Be’=2 - A+B=2
y'(0)=4 — 2Ae’°-2Be’=4 - A-B=2
Add the two egnsto get: 2A=4 — A=2
B=2-A=0 -B=0

Solution: y =2e*
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(b) P(0 < x < 0.40a)
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1,3,5-hexatriene: There are 5 CC bonds.

The average bond length is estimated as R = 0.14 nm

The box length is: a=5R + 2(1/2)R = 6R = 6(0.14 nm) = 0.84 nm = 8.4x10*° m.
In the ground state, n = 1, 2, and 3 levels are occupied.

The lowest transition is fromn=3ton =4.
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a=b=0.35nm=35x10"m m=me=9.11x10" kg

See PP Section on Two-Dimensional PIB
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Energy Levels for Square Box: E, , = ~ (nx2 + nﬁ)

» 8ma
The lowest four energy levels correspond to:
nk=ny=1,nx=2,ny=1,nx=1,ny=2,nx=2,ny=2(See diagram in PP)

The six electrons occupy the lowest 3 energy levels. The lowest t—=* transition corresponds
tonx=2,ny=1 ->nx=2,ny=2
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Level# | nx |ny | E/(hYma?
1 1 1 5/32 = 0.156
2 1 2 8/32 = 0.250
3 1 3 13/32 = 0.406
4 2 1 17/32 = 0.531
5 1 4 20/32 = 0.625
5 2 2 20/32 = 0.625
6 2 3 25/32 =0.781
7 1 5 29/32 = 0.906
8 3 1 37/32=1.16
27
M(NO2) = 46 amu —» m=46amu 1.66x107 kg _ 7.64x10"* kg
lamu
5
T=100°C=373K, n=3mol, p=0.50atm 1.0130" Pa =5.065x10* Pa
latm
Preliminary Calculations: Partition Function
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Preliminary Calculations: Partition Function Derivatives

3/2 N
27[ka) Ve

Q™) = In [ i

N

=3N/2-In(2zmk /h?)+3N /2-In(T)+ N In(V) + N = N In(N)

oIn@Q™)) _3N _3nN,
o1 2T T

V,N

M =N =nN
oInv) ). g

Internal Energy: utran

tran
UtranszZ(aan j =kT2|:3nNA:|:§(n)(kNA)T :gnRT
oT 2T 2 2

V,N

:g(3mol)(8.31J /mol - K)(373K) =13,950J ~14.0kJ

Constant volume Heat Capacity: (Cy)ta"

3
8[nRT}
tran
Cy*" = Lo B 2| :§nR:§(3mol)(8.3lJ/moI-K)
T ) ot 2 2
V,N
=37.4J /mol - K

Enthalpy: Htran

tran tran tran
Htran:kTZ(aan J +kT£aInQ ] ZUtran'i'kT(aan ]
o N i

olnVv olnv
3 3 5 5
:EnRT +KT (nN,) :EnRT +nRT :EnRT :§(3mol)(8.3lJ / mol - K)(373K)
=23250J ~ 23.3kJ
Entropy: Stra"

tran
S K INQ™ + 2 = (1.38x10% J / K)(3.35X10%) + o0
T 373K

=462.3) /K +37.4J/K=499.7) /K =500J /K



Helmholtz Energy: Atran

A"™" = —KT In(Q"™") = (-1.38x10** J / K)(373K)(3.35x10%)
=-172,400J ~ -172kJ

Gibbs Energy: Gtan
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G"™ = —KT InQ"™ +KT [

10. q"™"(0,,298K,1atm) = 4.28x10*
M(O2) = 32 g/mol
M(CI2) = 71 g/mol
Let's determine how g™ depends on M, T and P
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(a) Cloat 298 K and 1 atm

0" (Cl,, 298K 1atm) (M(CL)Y [ ﬂjm 340
q""(0,,298K,1atm) | M(O,) 32 '

q""(Cl,,298K,latm) =3.30-q"*"(0O,, 298 K,1atm)
= 3.30(4.28x103°) =1.41x10*

(b) Ozat 1273 Kand 1 atm
q""(0,,1273K 1atm) _ (1273}5”2 e
q"™"(0,,298K,1latm) 298 '

q""(0,,1273K ,1atm) = 37.7-q"*"(0,, 298 K, 1atm)
= 37.7(4.28x103°) =1.61x10%



11.

(c) Ozat 1273 K and 10 atm
4" (0,,1273K,10atm) _ (1/ P, J _ B latm

tran - =0.10
q"(0,,1273K,1atm) 1/P ) P, 10atm

q""(0,,1273K,10atm) = 37.7-q"*"(0,,1273K,1atm)
-0.10 (1.61x1032) —1.61x10*

NOTE: Because we were calculating only ratios of M and P, it was not necessary

to convert to SI Units
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Boundary Condition
y,(X=—0)=0=Ae""+Be " =Ae"+Be™” =0+Be™ —» B=0
Therefore: y, = Ae™
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Schrodinger Equation: —h—%Jer//l:Ez//l - ddl/gl th(v E)w,
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(b) Region2: y2=0atx=L
Boundary Condition

w,(x=L)=0=Csin[ B(L-L)]+Dcos| #(L-L)]=Csin(0)+ Dcos(0) =D

Therefore: D =0and y, =Csin| #(L-x)]+Dcos[ B(L-x)]=Csin[ B(L-X)]

N % d’w, 2m
Schrodinger Equation: “om dx22 +Vy, =By, — dx22 :?(VZ—E)V/2
v, = Csin[B(L - X)]
dy,

——==-BCcos L-x

V. pcos] (L]

d? :

—d:?z =—p*Csin| B(L-X)|=-p,

d’y, 2m 2m 2m
dez_hz (Vz E)Wz - _IBZWZ_?(VZ E)l//z - IBZZ?(E_Vz)

Therefore: S = ,/i—T(E -V,)

(c) Boundary Conditionsatx =0
w, = Ae™™ and %zocAe“’X
! dx
. d
w,=Csin[ B(L-x)]| and %z—ﬁCcos[ﬁ(L—x)]
BC1: y,(x=0)=w,(x=0) > Csin[ (L-0)]=Ae"

Therefore: Csin[fL]=A

BC 2: (%)X_O = (%)X_O — —pBCcos| B(L-0)]=aAe

Therefore: —BCcos[SL]=aA



