Osukuuni Practice Questions

CHEM 1211

Atomic Structure
1. An AM station broadcasts rock music at 980 kHz on your radio dial. Find the wavelength of the station’s radio waves in meters (m), nanometers (nm) and angstrom (Ǻ).

λ = c/ν
   = (3.00 x 108 m/s)/(980 x 103 Hz) = 3.1 x 102 m 

λ in nm = (3.1 x 102 m) x (1 x 109 nm/m) = 3.1 x 1011 nm
λ in Ǻ = (3.1 x 102 m) x (1 x 1010 Ǻ/m) = 3.1 x 1012 Ǻ

2. An FM station broadcasts gospel music at 99.5 MHz. Find the wavelength of these radio waves in m, nm, and Ǻ.

λ = c/ν
   = (3.00 x 108 m/s)/(99.5 x 106 Hz) = 3.02 m 

λ in nm = (3.02 m) x (1 x 109 nm/m) = 3.02 x 109 nm

λ in Ǻ = (3.02 m) x (1 x 1010 Ǻ/m) = 3.02 x 1010 Ǻ

3. A radio wave has a frequency of 4.8 x 104 MHz. What is the energy (in J) of one photon of this radiation? What is the energy of 1 mole of photons of this radiation?
Ephoton = hν = (6.626 x 10-34 J-s) x (4.8 x 104 x 106 Hz) = 3.2 x 10-23 J

Emole-photon = nhν = (6.02 x 1023 photons/mole)(6.626 x 10-34 J-s) x (4.8 x 104 x 106 Hz) 
   = 19 J

4. Rank the following photons in order of increasing energy

IR (ν = 6.5 x 1013 s-1)

UV (ν = 8.0 x 1015 s-1)

microwave (ν = 9.8 x 1011 s-1)

Energy increases with increasing frequency (ν)

Arrange them in order of increasing frequency from given values

microwave (ν = 9.8 x 1011 s-1) < IR (ν = 6.5 x 1013 s-1) < UV (ν = 8.0 x 1015 s-1)

5. Calculate the wavelength of light absorbed or emitted when each of the following transitions occur in the hydrogen atom:

a) n = 4  →  n = 2

b) n = 1  →  n = 3

use Bohr model

(a)
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nfinal = 2 and ninitial = 4
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  or use Rydberg equation
λ = hc/ΔE = 4.867 x 10-7 m
(b) nfinal = 3 and ninitial = 1
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λ = hc/ΔE = 1.027 x 10-7 m
6. Which of the following orbital designations are incorrect:

1s, 7d, 8s, 3f, 2d?

3f is incorrect, we only have 3s, 3p, and 3d
7. Determine the maximum number of electrons in an atom that can have the following quantum numbers:

a) n = 3

b) n = 3, l = 2

c) n = 2, l = 1

a) maximum number of electrons in a shell = 2n2 = 2(3)2 = 2(9) = 18

b) l = 2 means subshell d (3d), maximum number of electrons in d subshell = 10

c) l = 1 means subshell p (2p), maximum number of electrons in p subshell = 6

8. Determine the maximum number of electrons in an atom that can occupy the following subshells:

a) 4d

b) 3p

c) 5f

a) 10

b) 6 

c) 14

9. Write the electron configuration and orbital diagram for each of the following atoms:

a) Cl, Sr, F, Pb, Mn, Cs, O, C, Al, Cu

b) Element number 65

c) the third element in group VIA

a) 17Cl: 1s22s22p63s23p5
Try the rest

b) Element number 65 on the periodic table is Tb: try its configuration
c) The element is Se: [Ar]4s23d104p4
10. Briefly explain valence electrons.

Electrons in the outer most quantum number of an atom.

How many valence electrons do the following atoms possess:

C, N, O, Mn, K?
The number of valence electrons is the same as the Roman numeral group number

(for representative elements) or can be determined from the electron configuration

C = 4, N = 5, K = 1

Mn is [Ar]4s23d5: valence shell is 4, # of valence electrons = 2
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