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Chapter 8 AP Free Response Problems
1.) 1977 The electron affinities of five elements are given below.

	13Al 
	50 kJ/mole 

	14Si 
	134 kJ/mole 

	15P 
	71 kJ/mole 

	16S 
	201 kJ/mole 

	17Cl 
	364 kJ/mole 


Define the term "electron affinity" of an atom. For the elements listed above, explain the observed trend with the increase in atomic number. Account for the discontinuity that occurs at phosphorus.
Electron Affinity is the energy change occurring when an anion of the element in the gas phase loses an electron.
At phosphorus, the three p electrons are assigned to each of the 3 different orbitals.  The addition of an electron would increase the electron-electron repulsion. 
2) 1984 Discuss some differences in physical and chemical properties of metals and nonmetals. What characteristic of the electronic configurations of atoms distinguishes metals from nonmetals? On the basis of this characteristic, explain why there are many more metals than nonmetals.
Average score 4.16

	Physical properties: 
	Metals 
	Nonmetals 

	Melting points 
	Relatively high 
	Relatively low 

	Electrical conductivity 
	Good 
	Insulators 

	Luster 
	High 
	Little or none 

	Physical state 
	Most are solids 
	Gases, liquids, or solids 


	Chemical properties: 
	Metals 
	Nonmetals 

	redox 
	Reducing agents 
	Oxidizing
or reducing agents 

	attraction to electrons 
	Electropositive 
	Electronegative 

	acid/base character 
	Oxides basic
or amphoteric 
	Oxides acidic 

	reactivity 
	React with nonmetals 
	React with both metals
and nonmetals 


Electron configurations (1 point each statement): Metals: Valence electrons in s or d sublevels of their atoms. (A few heavy elements have atoms with one or two electrons in p sublevels.) Nonmetals: Valence electrons in the s and p sublevels of their atoms.

There are more metals than nonmetals because filling d orbitals in a given energy level involves the atoms of ten element and filling the f orbitals involves the atoms of 14 elements. In the same energy levels, the maximum number of elements with atoms receiving p electrons is six. 

3) 1982 The values of the first three ionization energies (I1, I2, I3) for magnesium and argon [in kJ/mole] are as follows:

	
	I1 
	I2 
	I3 

	Mg 
	735 
	1443 
	7730 

	Ar 
	1525 
	2665 
	3945 


(a) Give the electronic configuration of Mg and Ar. 

a) 1 point

Mg 1s2 2s22p6 3s2
Ar 1s2 2s22p6 3s23p6 (both must be correct)
(b) In terms of these configurations, explain why the values of the first and second ionization energies of Mg are significantly lower than the values for Ar, whereas the third ionization energy of Mg is much larger than the third ionization energy Ar.

b) 3 points

Valence electrons for Mg and Ar are in the same principal energy level, but Ar is the smaller and it has a greater nuclear charge. Therefore, the first and second ionization energies of Mg are less than those of Ar. The removal of the third electron from Mg involves the n = 2 energy level, and this electron experiences a very large nuclear charge.

(A maximum of 2 points was awarded for explanations based only on the stability of an octet.)

(c) If a sample of Ar in one container and a sample of Mg in another container are each heated and chlorine is passed in to each container, what compounds, if any, will be formed? Explain in terms of the electronic configuration given in part (a).

c) 2 points

MgCl2 forms, since Mg readily loses its two valence electrons to form a stable configuration.



(d) Element Q has the following first three ionization energies [in kJ/mole]:

	
	I1 
	I2 
	I3 

	Q 
	496 
	4568 
	6920 


What is the formula for the most likely compound of element Q with chlorine? Explain the choice of formula on the basis of the ionization energies.

d) 2 points

The formula is QCl

A very high second ionization energy indicates that there is only one valence electron.

4) 1985 Properties of the chemical elements often show regular variations with respect to their positions in the periodic table.

(a) Describe the general trend in acid-base character of the oxides of the elements in the third period (Na to Ar). Give examples of one acidic oxide and one basic oxide and show with equations how these oxides react with water. 
Average score = 3.43

a) three points

Oxides at left are basic and become less basic: more acidic as one moves to the right.

Basic oxide: Na2O + 2 H2O ---> 2 Na+ + 2 OH¯

or

MgO + H2O ---> Mg(OH)2
Acidic oxide: any one of the oxides of Cl, S, or P

SO2+ H2O ---> H2SO3 or equivalent for another oxide

(Both examples with no equations 1 point)



(b) How does the oxidizing strength of the halogen elements vary down the group? Account for this trend. 
b) two points

Oxidizing strengths of halogen elements decrease down the group.

Since atoms get larger down the group, the attraction for e¯ decreases and oxidizing strength increases


(c) How does the reducing strength of the alkali metals vary down the group? Account for this trend.
c) two points

Reducing strengths of alkali metals increases down the group.

Since atoms get larger down the group, loss of outer electrons is easier and reducing strength increases.

5) 1987 Use the details of modern atomic theory to explain each of the following experimental observations.

(a) Within a family such as the alkali metals, the ionic radius increases as the atomic number increases.
Special rules for this question:

An ambiguous 2 pt. response receives only 1 pt
An incorrect statement in an otherwise correct 2 pt response will result in a score of 1 pt
The answers labeled (i) below received two points; (ii) received one point. 

a) two points

The radii of the alkali metal ions increase with increasing atomic number because:

(i) the principle quantum number (or shell or energy level) increases
(ii) there is an increase in shielding (or the number of orbitals increases) 



(b) The radius of the chlorine atom is smaller than the radius of the chloride ion, Cl¯. (Radii: Cl atom = 0.99 Å; Cl= ion = 1.81 Å)
b) two points

The chloride ion is larger than the chlorine atom because:

(i) electron- electron repulsion increases (or shielding increases or the electron-proton ratio increases or the effective nuclear charge decreases)
(ii) an extra electron generally increases the size 


(c) The first ionization energy of aluminum is lower than the first ionization energy of magnesium. (First ionization energies: 12Mg = 7.6 ev, 13Al = 6.0 ev)
c) two points

The ionization energy of Mg is greater than that for Al because:

(i) the 3p orbital is at a higher energy than the 3s orbital (or the electron in Al is shielded from the nucleus more completely by the 3s electron than the 3s electrons shield one another from the nucleus)
(ii) a 3p electron is easier to remove than a 3s electron 

(d) For magnesium, 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 electron-volts, for Mg: 1st = 7.6, 2nd = 14, 3rd = 80)
d) two points

The much greater difference between the 2nd and 3rd ionization energies in Mg (relative to the difference between the 1st and 2nd) is due to the 3rd electron being removed from the 2p subshell after the first 2 were removed from the 3s subshell.

6) 1989 The melting points of the alkali metals decrease from Li to Cs. In contrast, the melting of the halogens increase from F2 to I2.

(a) Using bonding principles, account for the decrease in the melting point of the alkali metals.

6) Average score = 1.6

a) two points

Alakali metals have metallic bonds: cations in a sea of electrons.

As cations increase in size (Li to Cs), charge density decreases and attractive forces (and melting points) decreases.


(b) Using bonding principles, account for the increase in the melting points of the halogens.
b) two points

Halogen molecules are held in place by dispersion (van der Waals) forces: bonds due to temporary dipoles caused by polarization of electron clouds.

As molecules increase in size (F2 to I2), the larger electrons clouds are more readily polarized, and the attractive forces (and melting points) increase.



(c) What is the expected trend in the melting points of the compounds LiF, NaCl, KBr, and CsI? Explain this trend using bonding principles.
c) four points

Melting point order: LiF > NaCl > KBr > CsI 

Compounds are ionic

Larger radii of ions as listed

Larger radii leads to smaller attraction and lower melting points.

7) 1993 Account for each of the following in terms of principles of atomic structure, including the number, properties, and arrangements of subatomic particles.

(a) The second ionization energy of sodium is about three time greater than the second ionization energy of magnesium.
average = 2.1

a) three points

Electron configuration of Na and Mg (1 pt)

Any one earns a point:

Octet / Noble gas stability comparison of Na and Mg
Energy difference explanation between Na and Mg
Size difference explanation between Na and Mg 

Note: If only Na or Mg is used 1 point can be earned by showing the respective electron configuration and using one of the other explanations

Shielding/effective nuclear charge discussion earns the third point.
(b) The difference between the atomic radii of Na and K is relatively large compared to the difference between the atomic radii of Rb and Cs.

b) one point

Correct direction and explanation of any one of the following:

shielding differences
energy differences
# of proton/ # of electron differences 


(c) A sample of solid nickel chloride is attracted into a magnetic field, whereas a sample of solid zinc chloride is not.
c) two points

Any one set earns one point:

(i) Ni unpaired electrons. paramagnetic
(ii) Zn paired electrons/ diamagnetic
(iii) Ni unpaired electrons/ Zn paired electrons
(iiii) Ni paramagnetic/ Zn diamagnetic 

Orbital discussion/ Hund's Rule/ Diagrams earns the second point.
(d) Phosphorus forms the fluorides PF3 and PF5, whereas nitrogen forms only NF3.
d) two points 

Expanded octet or sp3d hybrid of phosphorous (1 pt)

Lack of d orbitals in nitrogen (1 pt)

OR

nitrogen is too small to accomodate (or bond) 5 Fluorines or 5 bonding sites (2 pts)
8) 1994 Use principle of atomic structure and/or chemical bonding to answer of each of the following.

(a) The radius of the Ca atom is 0.197 nanometer; the radius of the Ca2+ ion is 0.099 nanometer. Account for this difference.
a) two points

Ca2+ has fewer electrons, thus it is smaller than Ca.

The outermost electron in Ca is in a 4s orbital, whereas the outermost electron in Ca2+ is in a 3p orbital.

Note: The first point is earned for indicating the loss of electrons, the second point for indicationg the outermost electrons are in different shells -- must account for the magnitude of the size difference between Ca and Ca2+.



(b) The lattice energy of CaO(s) is -3,460 kilojoules per mole; the lattice energy for K2O(s) is -2,240 kilojoules per mole. Account for this difference.
b) two points

U for CaO is more negative than U for K2O, so it is more difficult to break up the CaO lattices (stronger bonds in CaO). Ca2+ is smaller than K+, so internuclear separations (between cations and O2¯) are less.

OR

Ca2+ is more highly charged than K+, thus cation-O2 bonds are stronger

Note: understanding what "lattice energy" is earns 1 point; size or charge explanation needed for the second point. Responses that use Lewis structures or otherwise indicate molecules rather than ionic lattice earn no points.
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(c) Explain the difference between Ca and K in regard to:

(i) their first ionization energies.
c) two points

i) Ca has ore protons and is smaller. The outermost electrons are more strongly held by the nuclear charge of Ca.


(ii) their second ionization energies.
ii) The outermost electrons in Ca are in the 4s, which is a higher energy orbital (more shielded) than the 3p electrons in K.

Note: for (i), the idea of attraction between nucleus and electrons must be present; for (ii), a "noble-gas configuration" argument must be tied to an energy argument in order to earn credit.

(d) The first ionization energy of Mg is 738 kilojoules per mole and that of Al is 578 kilojoules per mole. Account for this difference.
d) two points

the highest energy (outermost) electrons in Al is in a 3p orbital, whereas that electron in Mg is in a 3s orbital.

The 3p electron in Al is of higher energy (is more shielded) than is the 3s electron in Mg.

Note: noting that different orbitals are involved earns the first point; a correct energy argument earns the second point.

Responses that attribute the greater stability of Ca over K (or K+ over Ca+, or Mg over Al) to the stability of a completely filled (vs. half or partially filled) orbital earn NO credit.

9) 1997 Explain each of the following obsevations using principles of atomic structure and/or bonding. 

a) Potassium has a lower first-ionization energy than lithium. 
1997
a) Response must contain a cogent discussion of the forces between the nucleus and the outermost (or "ionized") electron. For example, a discussion of "the outermost electron on K..." should include one of the following: 

i. it is farther from nucleus than the outermost electron on Li
ii. it is more shielded from the nucleus (or "experiences a lower effective nuclear charge") than the outermost electron on Li
iii. it is in a higher energy orbital (4s) than tne outermost electron on Li (2s)."

2 points for any one 

Notes:"K is larger than Li" earns 1 point. 

No points earned for "K electron is easier to remove" (or some other restatement). 

b) The ionic radius of N3¯ is larger than that of O2¯. 
b) Nitrogen has one less proton than oxygen 1 point 

Nitride and oxide ions are isoelectronic 1 point 

or, 

In nitride ion the electron/proton ratio is greater, causing more repulsion; thus, nitride is the larger ion. 2 points 
c) A calcium atom is larger than a zinc atom. 
c) A Zn atom has more protons (10 more) than an atom of Ca 1 point 

Electrons in d orbitals of Zn have a lower principal quantum number; thus, they are not in orbitals that are farther from the nucleus. 1 point 

d) Boron has a lower first-ionization energy than beryllium

d) Correct identification of the orbitals involved (2s versus 2p) 1 point 

Clear statement that the two orbitals have different energies 1 point 

Note: Arguments that "the 2p orbital is farther out than the 2s orbital", or that "the Be atom has a filled subshell, which is a more stable configuration" earn no explanation point. 

General note:For all parts (a) through (d), discussions of position in the periodic table earn no points. 

