Chapter 11

Electrons in Atoms

Answers to End of Chapter Questions and Problems

10. In Rutherford’s model, negatively charged electrons surround a dense, positively charged nucleus.  In Bohr’s model, the electrons are assigned to concentric circular orbits of fixed energy.

11. The electrons have a fixed energy level.  They jump to other energy levels only by emitting or absorbing a quantum of energy.

12. In an atom, the electrons can only exist in certain fixed energy levels.  To move from one energy level to another requires the emission or absorption of an exact amount of energy, or quantum.

13. The quantum mechanical model of the atom states that electrons have fixed energy levels.  Electrons are in orbitals that may be visualized as clouds of various shapes, at different distances from the nucleus.

14. The 1s orbital is spherical.  The 2s orbital is spherical with a diameter larger than that of the 1s orbital.  The 2p orbital is dumbbell shaped.

15. The Aufbau principle states that electrons occupy the lowest possible energy levels.  The Pauli exclusion principle states that an atomic orbital can hold at most two electrons.  Hund’s rule states that one electron occupies each of a set of orbitals with equal energies before any pairing of electrons occurs.

16. a.  1s22s22p63s23p3
b. 1s22s22p63s2
c. 1s22s22p5
d. 1s22s22p63s23p6
17. a 10
b.  2
c.  6
d.  14

18. The p orbitals in the third quantum level have three electrons.

19. a. 1s22s22p2
b. 1s22s22p63s23p6
c. 1s22s22p5
d. 1s22s22p63s23p63d104s24p65s1
20. a.  correct

b.  incorrect

c.  incorrect
d.  correct

21. a.  8
b.  8

c. 8


22. a.  2
b.  6
c.  2
d.  10
e.  6
f.  2
g.  14
h.  6

23. Lithium has three electrons.  According to the exclusion principle, the 1s orbital can hold only 2 electrons.

24. a. 1s22s22p63s23p63d104s24p4
b. 1s22s22p63s23p63d34s2
c. 1s22s22p63s23p63d84s2

d. 1s22s22p63s23p64s2
25. a.  incorrect
b.  incorrect

c.  incorrect

d.  correct

26. The 4s orbital is lower in energy that the 3d orbital.

27. Violet, indigo, blue, green, yellow, orange, red

28. d,a,e,b,c

29. a.  the distance from crest to crest of a wave
b.  the height of a wave



c.  the distance from two consecutive origins of a wave


30. The number of cycles per unit of time; hertz, Hz; inversely proportional.

31. 2.00 x 10-3 cm, longer wavelength than red light

32. 2.61 x 104 cm 

33. Planck showed that radiation is emitted and absorbed in quanta, dependent of the frequency of the radiation

34. Light shining on a metal causes electrons to leave the surface.  Classical physics assumed any wavelength of light could cause the photoelectric effect.  Actually, however, only light with some minimum frequency and threshold energy can cause it.

35. a.  Electrons are emitted with a low velocity.

b. More electrons are emitted; velocity stays low

c. Electrons emitted have higher velocity

36. A photon is a quantum of light energy.  A quantum is a discrete amount of energy.

37. The outermost electron of sodium absorbs photons of wavelength 589 nm as it jumps to a higher orbital

38. 1.3 x 10-38 m

Mastery Questions and Problems

39.  a.  Ar
b.  Ru

c.  Gd

40. 1s22s22p63s23p63d104s24p64d104f145s25p65d105f36s26p66d17s2  2,8,18,32,21,9,2; levels 5,6,7 are not full

41.  a.  2
b.  4
c.  10
d.  6

42.  a.  4.36 x 10-5 cm
b.  visible
c.  6.88 x 1014 s-1
43. 1s22s22p3 , nitrogen ; 3 unpaired electrons

44. 7.64 x 10-19 J

45. 3.84 X 10-19 J

46. 3.08 x 10-19 J; higher energy

47. a.  Na, sodium
b.  N, Nitrogen
c.  Si, silicon
d.  O, Oxygen
e.  K , potassium
f.  Ti, titanium

Review Questions and Problems

48. 4.06 x 10-10 m, 4.06 x 10-4 (m

49.  a.  46.8% Si, 53.2% O
b.  34.4% Fe, 65.6% Cl
c.  11.1% H 88.9% O


d.  2.1%H, 32.7% S , 65.2% O

50  a.  2 KNO3 + H2SO4 ( K2SO4 + 2 HNO3
b. Cu2O + H2 ( 2 Cu + H2O

c. 2 NO + Br2 ( 2 NOBr

d. SnO2 + 2 CO ( Sn + 2 CO2
51. 12.5 L

52.  a.  Fe3+ 
b.  Hg2+
c.  N3-
d.  HCO31-
e.  O2-
f.  MnO41-
53.  6.2 x 107 mg

54. 154 g, 0.154 kg

55. a.  55 p+ 78 n0  55 e-
b. 47 p+ 61 n0  46 e-
c. 48 p+ 64 n0  46 e-
d. 34 p+ 45 n0  36 e-
56. 1.46 atm

Challenging Questions and Problems

57. 6.93 x 102 s

58. Outermost electrons are ejected first.  Then electrons at lower energy levels, requiring greater escape energy, are ejected.

59. For H: 1312kJ / mol (n=1)  328kJ/ mol (n=2)

For Li2+ : 11800 kJ / mol (n=1)

