Why study quantum mechanics?

QM pervades all of chemistry. The basis for
the Periodic Table
atomic and molecular spectra
chemical bonding (structure and reactivity)
chemical kinetics
energies (zero-point, ionization, activation, bond energies)

Even mass spectroscopy which on its face appears to be strictly classical
physics: charged particles moving in circular paths in a magnetic field, yet
fragmentation patterns, ionization energies (thresholds for production of
particular ions) all have basis in QM.

QM can be used at various levels: Some calculations are so big, that
approximations still have to be used even in this age of computers. Some
consequences and examples are very simple and transparent.

As in all other areas of science, we sometimes will use model systems
which are simple and exactly solvable, and which illustrate the principles of
QM more clearly (since we can do the math with pencil and paper) than real
systems do. Examples of these are the particle in a one-dimensional box (or
the particle that lives on a straight line), the particle that lives on a ring, the
rigid rotor, the harmonic oscillator, the non-relativistic hydrogen atom. Your
first problem set uses two model systems: the electron that lives on a ring
and the electron that lives on a straight line in order to provide a simple
physical understanding and predictions of the trends in the UV-Vis spectra
observed for catacondensed aromatic hydrocarbons and conjugated “linear”
hydrocarbons. An electron that lives on a helical line has been used to
derive the fundamental characteristics and consequences of handedness on
spectra, and in fact provides, in the 1 August 2003 issue of the Journal of
Chemical Physics, a very good model system that is solvable in closed form
for the determination of the fundamental relationship between chirality and
the NMR chemical shift tensor.
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3.14. Schwarz’ Inequality.—Let f and ¢ be any two functions of z such
that the integrals

4= f f*fdz, B = f frodz, C = f g*gdz (3-111)

exist. The integrations extend over any definite range of the varisble z.
Certainly the integral

J@ + F@IVE) +o@lds = 2 + B+ By + ¢
in which A is to be considered as a real variable, independent of z, is always
positive or zero (zero only when g is directly proportional to f) and hence

has no real roots in A. But the roots of A)\2 + (B* + B)\ + C are given
by

_B*+B

_ 1y 7
A= oA :1:2A'\/(B*+B) 44C

They are real unless o
4AC = (B* + B)? (3-112)

The equality sign here holds only when g = const. X f.
The right-hand side of (112) is twice the real part of B. Hence, if f and
g are real functions, the inequality becomes

f 2dz - f sdr > ( f fgd:c)2 (3-113)

which is one form of Schwargz’ inequality.

For complex functions f and g, (112) may be moadified. Write f and ¢
in polar form:

f(x) = m (x)e“‘(’) ;9(z) = pz(x)eiﬂz(z)

Then B = | p1p.e"070)dy  Since (112) holds for every pair of fune-

tions f and g (which have integrable squares), it must also be true when
g is replaced by ¢’ = ge’® %, But the substitution of g’ for g leaves the
values of A and C unchanged while it converts both B* and B into

f p1pedr = | B ], which is the modulus of B. Hence

Jro fous 2| fraep| g

This is the more general form of the Schwarz inequality. Further gen-
eralization to functions of more than one real \_raria.ble IS obvious.
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Cynthia Jameson
Note
This has units of time.
Different observables S, R, etc., will each have a different such value tau S, tau R, etc.,, a characteristic  time  for the evolution of S, of R,  statistical distributions. 
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Cynthia Jameson
Note
The uncertainty relation between energy and time. Energy differences can be expressed equivalently in terms of nu, hertz (frequency), or in terms of omega, rad per sec, or in terms of wavenumbers, nu wiggle, reciprocal centimeters, as seen below.


I ! Fig.3.3. INlustration of the uncertaint

: i prénciple which relates the natural y

; - linewidth to the energy uncertainties
'% ZZZ A€, l-:gi.ae:)-;u v of upper and lower level

wy = (E5 - E )/h of a transition terminating in the stable ground state
E, has therefore an uncertainty

L LERUAY (3.22)

If the lower level E, is not the ground state but also an excited state
.with a lifetime s the uncertainties 8E; and AE, of the two levels both
contribute to the linewidth. This yields for the total uncertainty

8E = aE; + AE, = bu, = (Ve + Uz . | (3.23)





