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1. The energy required to dissociate the H2 molecule to H atoms is 432 kJ/mol H2. If the dissociation of an H2 molecule were accomplished by the absorption of a single photon whose energy was exactly the quantity required, what would be its wavelength (in meters)? 

2. A microwave oven heats by radiating food with microwave radiation, which is absorbed by the food and converted to heat. Suppose an oven’s radiation wavelength is 12.5 cm. A container with 0.250 L of water was placed in the oven, and the temperature of the water rose from 20.0°C to 100.0°C. How many photons of this microwave radiation were required? Assume that all the energy from the radiation was used to raise the temperature of the water. 

3. Light with a wavelength of 425 nm fell on a potassium surface, and electrons were ejected at a speed of 4.88 x 105 m/s. What energy was expended in removing an electron from the metal? Express the answer in joules (per electron) and in kilojoules per mole (of electrons). 

4. When an electron is accelerated by a voltage difference, the kinetic energy acquired by the electron equals the voltage times the charge on the electron. Thus, one volt imparts a kinetic energy of 1.602 x 10-19 volt-coulombs, which equals 1.602 x 10-19 J. What is the wavelength associated with electrons accelerated by 4.00 x 103 volts? 

5. AM radio stations broadcast at frequencies between 530 kHz and 1700 kHz. (1 kHz =103 s-1 .) For a station broadcasting at 1.69 x103 kHz, what is the energy of this radio wave? [Planck’s constant is 6.626 x10-34 J.s, and the speed of light is 3.00 x 108 m/s]. 

6. The photoelectric work function of a metal is the minimum energy required to eject an electron by shining light on the metal. The work function of calcium is 4.60 x 10-19 J. What is the longest wavelength of light (in nanometers) that can cause an electron to be ejected from calcium metal. 

7. Light of wavelength 1.03 x10-7 m is emitted when an electron in an excited level of a hydrogen atom undergoes a transition to the n = 1 level. What is the region of the spectrum of this light? What is the principal quantum number of the excited level? 

8. It requires 799 kJ of energy to break one mole of carbon– oxygen double bonds in carbon dioxide. What wavelength of light does this correspond to per bond? Is there any transition in the hydrogen atom that has at least this quantity of energy in one photon? 

9. The root-mean-square speed of an oxygen molecule, O2, at 21°C is 479 m/s. Calculate the de Broglie wavelength for an O2 molecule travelling at this speed. How does this wavelength compare with the approximate length of this molecule, which is about 242 pm? (For this comparison, state the wavelength as a percentage of the molecular length). 

10. A particular microwave oven delivers 800 watts. (A watt is a unit of power, which is the joules of energy delivered, or used, per second.) If the oven uses microwave radiation of wavelength 12.2 cm, how many photons of this radiation are required to heat 1.00 g of water 1.00 C, assuming that all of the photons are absorbed? 

11. For each of the following combinations of quantum numbers, make changes that produce an allowed combination. Count 3 if  each change of n, 2 for each change of l, and 1 for each change of ml . What is the lowest possible count that you can obtain? 
a. n = 3, l = 0, ml = -2 
c. n = 3, l = 3, ml = -3 
b. n = 5, l = 5, ml = 4 
d. n = 5, l = 6, ml = 3 

12. Neutrons are used to obtain images of the hydrogen atoms in molecules. What energy must be imparted to each neutron in a neutron beam to obtain a wavelength of 10.0 pm? Obtain the energy in electron volts (eV) (1 eV 1.602 x 10-19 J). 


13. The photoelectric work function for magnesium is 5.90 x 10-19 J. (The work function is the minimum energy needed to eject an electron from the metal by irradiating it with light.) Calculate the minimum frequency of light required to eject electrons from magnesium. 

14. Light of wavelength 345 nm shines on a piece of calcium metal. What is the speed of the ejected electron?  
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