Chemistry 331 Assignment #1 (due Monday, September 28, in class)

Q1.

Q2.

(2]

Q3.

Q4.

[1]

Qs.

[3]

’ 8xhv’
Planck’s law p(T,v) = m

distribution as function of frequency v. Show p(7,v) reaches a maximum at the frequency

for thermal radiation gives the energy density

v = 2.821k—Z— (Wien’s law)

max

a) At room temperature (=~ 300 K), use Wein’s law to show that vmax is in the infrared region of
the electromagnetic spectrum (wavelengths from about 700 nm to 1 mm).

b) An object glows “red hot”. Use Wein’s law and A =~ 700 nm for red light to estimate the
temperature of the object. Hint: ¢ = Av.

As hv/kT - 0, the energy spacing hv of thermal oscillators becomes negligibly small compared

to thermal energy kT. In this limit, show Planck’s expression for p(T,v) reduces to the
87kTV’

3 Hint: ¢~ 1+ x for Ixl << 1.
c

classical Rayleigh-Jeans spectrum p(7,v) =

How many photons per second are emitted by a 2.00 mW green LED (light-emitting diode)?
Use A = 554 nm. Hint: 2.00 mW = 0.00200 J s~

o . h 1
a) Give the key assumption made by Einstein to derive E (') = 3RT 7{—‘1 P —

for the molar vibrational energy of monatomic crystals.
b) Show Em(7) — 3RT in the limit T'— oo.

¢) Show Em(7T) — 0 in the limit 77— 0.
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Q6. a) Use the photolectric data for sodium plotted below to calculate Planck’s constant 4.
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Frequency, Hz x 10“ Data from Millikan, 1916

[3]  b) Calculate the)agk function (¢) of sodium.

L]

¢) Give the maximum photoelectron energy if sodium is irradiated with red light (1= 700 nm).

2

Q7. Inclass we derived uv’ = for a hydrogen atom. Use this result to show the kinetic

e 1

[1] energy of a hydrogen atom (uv?/2) is one-half as large as the electric potential energy.

Q8. a) For a ground-state hydrogen atom (n = 1), calculate the kinetic energy, electric potential
energy, and the total energy Ei.

b) Calculate the de Broglie wavelength A of an electron in a ground-state hydrogen atom.
[5] ¢) Use the value of A to estimate the diameter of a hydrogen atom.

d) Use the value of A to explain why the electrons and protons in atoms and molecules do not
merge to form neutrons (a subatomic particles), which would put chemists out of business!

Q9. The rate of rotation of a pirouetting ice skater is reduced if the skater outstretches their arms.
[1] Explain.
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