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Chemistry 344 -
Summary of‘prbca

I. Review of basitc quantum mechanical principles

-

A. Scale —rcorrespondence

-1) the need for Q_m._comes when" cla531cal mechanlcs falls'
' for atomlc scale systems - small mass & 51ze

2y Early 20th century problems and solutlons you ve studled

'a)":Black body radlatlon
B ',Planck - energy not contlnuous
t) ;Photoelectrlc effect _ T
Eihstein - llght had partlculate nature .
_.,photon._ E = hv : :

- ¢) . Atomic 1lne spectra ‘ - = o
Bohr - energy-levels - llght emltted by "Jump"
from one to other: AE = hv’ - L
- angular momentum restrlcted: L. = A

. d)  DeBroglie - wave nature of particles: A= h/_ttt
' Proof —.electron diffraction - Davisson‘&-Ger ey

e) Spectroscoplc 11new1dths, exc1ted stqte life tlmes
- Heisenberg uncertainty pr1n01ple

AxAp 2H/a
AEAt 2 h

N.B. —> Opens era of modern quantum mechanics -
must get idea straight.

3. Development of Quantum Mechanics
- generalized formulation contain all of the§ 2
' "patches" ko classical
‘a) Heisenberg - matrix mechanics - statistical
i) states = vectors
ii) observables = matrices
b) ' Schroedinger - wave mechanics
. i) states = wave functions
1i} observables = operators

Follows classical wave equation approach (in effort to
contain duality)
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-4, Postulates - a set of ground rules from which all else
can be derived. .

- Post.

I. Partlcle descrlbed-completely by wave functlon,.

'w(r t), whlch 1s,

contlnuous, 51ngle valued, integrable'squere‘

&)
b} ¢ *u dT — probablllty 1nterpretatlon
c) Many (n) partlcles. w(q__t) - where q_-—) 3n.
' positional coordlnates :
Post. II. Every'observable corresponds to lihear, hermetiah -
‘operator. : . SR TR o
',a) llnear a(f + £ ) = &f + &fz
~'b) hermltlan I, awd17 Iwa w d”Z'
) Correspondence with observables
Constant- 4 — E?
, ' ' N
position variable: x —» x
function of position: f(x) —> f£(x)
S
momentum: — -ih =
Pxt 3
Post. III. If corresponds to an observable A, ¥, is an eigenfunction
of a with eigenvalue a, and a set of 15entical_systems
.are all in a state described by ¢, then result of
measuring A on any of the systems will be a, every time.
Post. IV. If the systems in III.are not in states descrlhmlby eigen—

functions of a, then a meaSurement of A on each system may
be different. The a average value of the distribution is:

g aws aT
*
Jhg ¥ 0T

<> =

where ws is the wave function that describes each system. -

Post

. V. _Timeievolution of w(QVt) is given by:
3 $ ¥gn =¥ ¥ (g t)
where 9% is the hamiltonian (total energy) operator.

it RAR (1) wige = vpet B/ R
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Resultant'properties of qrnn fct. & op.
guna_.t.;dr\)

¥
of eigenfunction: er

! ‘P*k_'}?k ar=1

a. Orthonormality
normalized:

orthogonal: [ ¥*, .dT= 8.,

¥

b. Completeness: set of n fct i all orthonormal and
"~ gpanning n-dimensional space is complete o
- any fct ¢ can be expanded 1n complete set
® éff ?iwi where ?i,"-f*i.wﬂc_-.~‘
oo mumaevaner < = T
CoqtributionIOE each eigen value'ak weighted by *projection”
of ¢ upon "basis set" Y, 's ; S R

AN AN

od. Commutatioh: ~in general af#Ba
. AN . N o .
if fa,B8Y = 38-Ba = 0 —» commute

(remember these are operators)

If two operators commute they will'haVe simultaneéus
eigenfunctions: if [A,B] = 0 . :

e. Relationship to Uncertainty Principle, consider &,§~
- if commute - same eigenfct; can measure observables
of both equally accurate

- if do not commute - then system can only be in eigenfct
of one or other, i.e. if one precise, other unknown.

B. Model systems

1.

Particle in a box C:’/Ei/’“\ /"\(o\onag
a) 40z ~h%/3m 32/0% £l ne2
e A
b) B.C. V¥(L) = ¥(0) = 0O — > =
q 35--!\&.&!) C-ONQ\*:G-\ o L—

c) ¥ = A sin ax - eigen function

o = nn/L - from B.C.

A =y2/L - from normalization

Co_ 2 Aa .
d) EfL"‘gm. n -~quantized energy

L'?-




Harmonic oscillates-
noni :

~

=}
/\J'-:-o
= X
1,2
a) }{ a_m v2 Fg ke
b). B,C.* b ‘oo_)_-__=
c) qvﬂ”jy)exp( 'l ) +  solution
wher§ y=/B x, B ='jgg";UQﬁ;po;maiization.r Lctov

%viy)_" hermite’polynomial.
' S 2 A ud
Hyy) = -1V .j;;(e.'%)

d) - ‘ : : '
S E_= v+ 1/2) Hu; w = 210 = ’\Sk/m = Q\‘\-*‘w f“l_“tm.-,

N
eV vl ratl o .

QSQ\'\L—.\T\'J’\ . Vioraltona\ 5@(.‘.1‘_. feLLigy ) "5017_[”.‘.(_ i,_{-fg,c_t <

Rigid Rotor - 2 particle system, change of variable

a) 2

-‘&’1 2 1{12 ¢ _ ,
/59_ - (6-dimension)
l 2m2 2 .A :

"b) Center of Mass coordinates allow reduction to 3-D:

2 . X = Xq-X mim2
R, = = ¢ S "
r —-—- +
r ! Y = X17Y, i A
! . 2 = Z;—Z *
wzla}wot- QDOHJ . 172 I = urz—moment

of inertia



c) Spherical coordinates allow separation to 3 egn

x = rcos¢sing cee T 7 |
y = f‘sind)si_n_e_ . S T .>'La
z=1r cosé /% o
Since r - constant (rigid) - 2 equations:

. -""‘-2-‘2@.4“ cosé d@w+r 21IE _ m‘_2.2 : ®= o
*.a8 Fing dé \ g2~ sinte ) %

d) Soln: o (9) = eim¢_ m= 0!;[',1;——-.' 1 aet

no.f»\q\ v 2 'F—OL

i T B N . e ia I b L i o o e PR
ERIPTREY. CONNERNRREIRY. 22 s I ER IR - FISEINER AT

R,m (8) = P'g_]ml (€0s8) - assoc. Legendre .

' - ' al e 2wz & |
4 : | | Py (x) = (l-fx‘-) =0 Pf_(X)

Pg(x) = ;lwa a—g—;_— _(xz-l)ﬁ'

limits _ |
‘; 2, = 01112;3 - pOS. w\k&‘:ka,rb' |
Im[ <% and m = integer —> M :(’1-'“'111 et 4
' 2 (2+1) %2
e) Ey = =Sy —

J')each level 28 + 1 degerate , E, # £(m)

i;i.) an<j momentum limited

Application - microwave spectroscopy, -
f) ‘Spherlcal Harmonics Yg,m = Ni?,fﬁ@g‘m @w_ .

Lhe.ff- Ngm'.". nc'ofmq\u'zr.’t\an co-ns”’t'«“t)
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-_4)  Hydrogen_A;om -2 particles;'Central_potential

_ g2 2, ~ﬁ2- i _..Ze2 :
aﬂ: Zm, v:L T, Yo T T

b, Separate variables_as?fdr rigid rotor'—'._'
. _note: V.= V(r) bnlyT

c. 6,9 sol'n same as rotor; Y£m1(6,¢)

4 T og’r 2 ar (2mE , 2mze? E('z.—{-!%ﬁ-: 0
ar? ¥ dr ? “er ' r2 B
sol'n: R ,=Nx Ee—x/z L 28+ 1 {x)
\ n+ g
- where x = £E£_
na:,
2841 .
L.n +z ~ LaGuerne polynomial

n=1,2,3.... pos. intege r:

e. total solution:

¥ = R, s ()Y, (6,0)

L3
£ - metz
. S -
Hydrogen atom fundamental to all cof guantum chemistry

move difficult problems typically use B-@¥omw/f as a ~
basis set

Hence important to understand shapes and forms of )
solutions:






