Teacher’s Tools® Chemistry

Atomic Structure:  Periodic Trends:   Worksheet 4: Answer Key

1.  Arrange the following atoms or ions in order of increasing size:

(A) Br-,  Ca2+, K+, Se2-
Answer:  Ca2+ < K+<  Br- < Se2-
(B) Al3+, F-, Na+, Mg2+, O2-
Answer:  Al3+ < Mg2+<  Na+ < O2-
(C) As3-, Ca2+, Cl-, K+
Answer:  Ca2+ < K+<  Cl- < As3-
In general, for atoms, atomic radius decreases across a period and increases down a row.  In terms of ions, cations are smaller than their associated atoms (the contract with the loss of electrons) and anions are larger than their associated atoms (they expand to accommodate the repulsion of additional electrons.)  Oxygen gained the largest number of electrons.
2. The following figure shows electron affinity values for the first 20 elements.
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 (A)   Define the term “electron affinity.” Electron affinity can sometimes have negative values. Explain this.

Answer:  Electron Affinity measures the attraction or affinity of an atom for an additional electron.
Negative values are associated with exothermic processes, energy is released from the system.  The atom gains a more stable configuration by gaining an electron, the typical example is element 9, Fluorine, gaining a single electron to obtain the noble gas configuration.  Energy is released during this process.  Element 2 on the other hand, helium has a positive EA.  Energy into the system is required for He to accept an additional electron.
(B)   Explain why beryllium has a higher value than lithium.

Answer:  Beryllium and lithium are in the same period.  Lithium has a half-filled 2s-sublevel whereas the 2s-sublevel in beryllium is completely full. It requires more energy to add an electron to the empty 2p-sublevel in Be than to the half-filled 2s-sublevel in Li.
(C)   Explain why chlorine has a lower value than sulfur.
Answer:  Chlorine and Sulfur are both in period 3.  Chlorine needs 1 electron to complete its octet while sulfur needs 2 electrons.  Chlorine has a greater effective nuclear charge than sulfur.  The addition of an electron to chlorine is therefore a process that releases more energy (creates a more stable lower energy configuration) than the addition of an electron to sulfur.
(D)   Explain why phosphorous has a higher value than silicon.
Answer:  Same as above plus phosphorous has a half-filled p-sublevel

3.     Which element in the following pairs of elements has the larger atomic (or ionic) radius? Reinforce your answer with a sentence or two.

(A)      Kr or Br

Answer:  Kr < Br.  Elements in the same period.  Greater effective nuclear charge in Kr.  Similar shielding affect.  The electrostatic attraction between the outer electrons and the nucleus is greater in Kr.
(B)      Rb or Br

Answer: Rb > Br.  Elements are in different periods.  Larger size of Rb is due to additional energy level.
(C)      Na+ or F-
Answer:  Na+ < F- Cations get smaller & anions get larger than their associated atoms.
4.     Which element in the following pairs has the higher first ionization energy? Reinforce your answer with a sentence or two.

(A)      F or O

Answer F.  Effective nuclear charge of fluorine is greater than oxygen.
(B)      Al or Mg

Answer Mg.  Mg’s outer electrons are in a full sublevel.
 (C)     Xe or Kr

Answer Kr.  Smaller atomic radius.  Increased electrostatic attraction based on 1/r2 term.
5.  Explain, in terms of electron configurations, orbital diagrams, or shielding why

(A)   the atomic radius of sodium is smaller than that of potassium.

Answer:  Potassium has more energy levels.
(B)   bromine and iodine have similar chemical properties .

Answer:  Same valence shell configuration.
(C)   sulfur atoms are paramagnetic.

Answer:  Four electrons in the 3p-sublevel means that two orbitals are half occupied.
6.  Explain, in terms of electron configurations, orbital diagrams, or shielding why

(A)   in the Periodic table hydrogen can be placed in either Group 1 or 7.

Answer:  Has 1 valence electron as in Group 1 but needs 1 electron for a stable configuration as in Group 7.
(B)   the ionization energy Ca+ is greater than that of K even though they both have 19 electrons.

Answer:  The effective nuclear charge of Ca+ is greater than that of K.
(C) Na has a relatively simple atomic spectrum, while Cr has a very complex one.

Answer:  Cr has electrons in d orbitals.  More allowable transitions in the visible region.
7.  Use modern atomic theory to explain each of the following experimental observations.

(A)   Within a family such as the halogens, the ionic radius increases as the atomic number increases.

Answer:  Add energy levels as you go down a group.
(B)  The radius of the chloride ion, Cl-, is larger than the radius of the chlorine atom.

(Radii:  Cl atom = .99 Å, Cl- ion = 1.81Å)

Answer:  Expansion caused by the repulsion of electrons.  Like charges repel.
(C)  The first ionization energy of boron is lower than the first ionization energy of beryllium

(First ionization energies: 4Be = 900 kJ/mol, 5B = 801  kJ/mol)

Answer:  The single electron is more easily removed from the 2p-sublevel than from the completely full 2s-sublevel in Be.  Separation distance between the nucleus and outer electrons and the inverse square affect it has on electrostatic attraction.
(D)  For calcium, the difference between the second and third ionization energies is much larger than the difference between the first and second ionization energies. (Ionization energies, in kJ/mol, for Ca: 1st = 590, 2nd = 1145, 3rd = 4912)

Answer:  Removal or a core or inner electron.
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