1) What is the most probable formula for the compound of elements X and T?
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(A)
X2T7
(B)
XT2
(C)
X2T
(D)
XT7   (E) XT

2) Among the alkali metals, cesium reacts more rapidly than sodium. To what may this be ascribed?

(A)
Cesium has a higher nuclear charge.

(B)
The valence electron in cesium is at a greater average distance from nucleus.

(C)
  Cesium has a higher atomic weight.

(D) Cesium has more electrons.

(E) Cesium has more neutrons.

3) Which would be expected to be the most electronegative?


(A)
P
(B)
As
(C)
Si
(D)
Al

4) Predict which element would have the largest difference between its first and second ionization energies.

 (A)
sodium
(B)
silicon
(C)
phosphorus
(D)
magnesium

5) Which particle has the highest first ionization energy?

(A)
K+
(B)
K0
(C)
Cl–
(D)
Cl0

6) Arrange the elements Li, Ne, Na, and Ar in increasing order of the energy required to remove the first electron from their respective atoms.


(A)
Na<Li<Ar<Ne

(C)
Na<Li<Ne<Ar


(B)
Li<Na<Ar<Ne

(D)
Ar<Ne<Na<Li

7) Which property is characteristic of the elements in  Group 1A of the periodic table?

(A)
   They are heavy metals.  


(B)
   They are hard metals.

(C) They do not react with water at room temperature. 

(D) They have low ionization energies.

(E) They readily form covalent compounds with most other elements.

8) Which statement best describes relationships in a modern periodic table?

(A)
Elements are always arranged in order of increasing atomic weights.

(B)
Metallic properties increase as one progresses from bottom to top in a family of elements.

(C)
Nonmetallic properties tend to predominate for elements at the far right portion of the table.
(D)      The fourteen elements in the lanthanide series form a new independent period.
(E)       Each transition element is placed in the column of the main group element that it most closely resembles.

9) Iodine is less reactive chemically than chlorine. The best theoretical explanation of this is

(A)
The outer valence shell in the iodine atom contains seven electrons.

(B)
Chlorine liberates iodine from a solution of potassium iodide.

(C)
Iodine is a solid at room temperature; chlorine is a gas.

(D) The iodide ion, because of its greater diameter, holds an extra electron less firmly than does the chloride ion.

(E) When an aqueous solution of potassium iodide is electrolyzed free iodine is liberated at the anode.
10) Which is a characteristic property of transition elements?

(A)
colorless ions


(B)
variable oxidation number



(C)
formation of strong bases
(D)   
non–metallic behavior

11) Which ion has twenty–six electrons?


(A)
Cr2+
(B)
Fe2+
(C)
Ni2+
(D)
Cu2+

12) Which set of quantum numbers is possible for an electron in an atom?

(A) n = 3, l = 0, ml = 1 , ms = –1/2

(B) n = 2, l = 2, ml = –2 , ms = –1/2
(C) n = 5, l = 2, ml = 2 , ms = +1/2

(D) n = 4, l = 3, ml = –4 , ms = –1/2

13) Which one of these has an electronic configuration different from the others?


(A)
Ar
(B)
Mg2+
(C)
K+
(D)
S2–

14) The maximum number of electrons that can occupy an orbital labeled dxy is


(A)
l
(B)
2
(C)
3
(D)
4

15) Which is not true about the transition metals?

(A) They exhibit variable oxidation states.

(B) They are found in the subgroups of the periodic table.

(C) They have all their inner electron shells completely filled.

(D) They readily form complex ions.

(E) They possess characteristic physical properties of metals.

16) In which compound does ionic bonding predominate?


(A)
LiBr
(B)
CO
(C)
H2O
(D)
SiC

17) Which is an acceptable set of quantum numbers for a 3d electron?


n
l
ml
ms

(A)
3
2
1
+1/2
(B)
3
3
l
+1/2
(C)
2
2
–l
–1/2

(D)
2
3
2
–1/2

18) A white crystalline compound is quite soluble in water and gives a solution which conducts an electric current, as does the molten compound. From this evidence the bonding is

 
(A)
coordinate covalent
(B)  polar covalent..
(C)
metallic.
(D)
ionic.

19) The elements in an ionic compound are held together by

(A)
electrostatic forces of attraction.
(B)
van der Waals forces.

(C)
the spin of paired electrons.

(D)
the formation of hybrid orbitals.

(E) an electron pair.

20) In which pair of compounds should the first member be more covalent than the second member?

(A)
TlCl, TlCl3
(B)
SnI4, SnF4
(C)
LiF, BF3
(D)
SnF4, CF4
21) Which characteristic is generally true of nonmetallic oxides?

(A)
They are in general ionic compounds.    (B)
They are in general covalent compounds.

(C)
They react with water to form bases.
     (D)
They cannot be prepared directly from the elements.

(E) They react with acids to form a salt and water.

22) Which phenomenon can be explained by assuming strong hydrogen bonding?


(A)
H2 reacts with Cl2 to form HCl.


(B)
The boiling point of water is higher than that of H2S.


(C)
The boiling point of C7H16 is higher than that of C3H8.

(D) The boiling point of H2Se is higher than that of H2S.

23) The bonding of the NH3 molecule is

(A)
coulombic, ionic bonding.


(B)  coordinate covalent, sigma bonding.

(C)
shared electron pairs, sigma bonding.

(D)  sigma and pi bonding.

24) The number of  bonds in N2 is


(A)
1
(B)
2
(C)
3
(D)
4

25) Which contains both covalent and ionic bonds?

(A)
NH4NO3  
(B)
NF3
(C)
BaCl2
(D)
CH2O

26) According to modern bonding theory the number of sigma () and pi () bonds in the ethylene molecule H2C=CH2 is


(A)
1  and 4 

(D)
1  and 5 

(B)
1  and 5 

(E)
2  and 4 
(C) 1  and 4 

27) The fact that H2O has a dipole moment suggests that the water molecule is


(A)
dimeric.
(B)
bent.
(C)
symmetrical.
(D)
nonpolar.

28) The fact that BCl3 is a planar molecule while NCl3 is pyramidal can be explained several different ways. Which is the best rationalization?

(A)
Nitrogen is more electronegative than boron.

(B)
The nitrogen atom in NCl3 has a lone pair of electrons whereas the boron atom in BCl3 does not.

(C)
The nitrogen atom is smaller than the boron atom.

(D)
The boron atom in BCl3 is sp3 hybridized, while the nitrogen atom in NCl3 is sp2 hybridized.

29) The Lewis structure of BrF5 is





The molecular structure of BrF5 is

(A)
square pyramidal.
(C)
trigonal pyramidal.


(B)
trigonal bipyramidal.
(D)
octahedral.

30) The ammonium ion is symmetrical, with the nitrogen at the center of a tetrahedron of four equivalent hydrogens. The bonding in the ion may best be described in terms of

(A)
sp3 hybridization for the nitrogen.
(B)
sp2 hybridization for the nitrogen.

(C)
pure p bonding for the nitrogen.
(D)
pure s bonding for the nitrogen.

31) Which compound would be expected to have the largest dipole moment?

(A)  CO2  (linear)  (B)
SO2  (bent)   (C)   BF3  (trigonal planar)  (D)
CF4  (tetrahedral)

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.

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

(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)

(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 energy for Mg: 1st = 7.6 ev; 2nd = 14 ev; 3rd = 80 ev)

1993 D

Account for each of the following in terms of principles of atom structure, including the number, properties, and arrangements of subatomic particles.

(a)
The second ionization energy of sodium is about three times greater than the second ionization energy of magnesium.

(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.

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

(d)
Phosphorus forms the fluorides PF3 and PF5, whereas nitrogen forms only NF3.

1982 D

(a)
Draw the Lewis electron-dot structures for CO32-, CO2, and CO, including resonance structures where appropriate.

(b)
Which of the three species has the shortest C-O bond length? Explain the reason for your answer.

(c)
Predict the molecular shapes for the three species. Explain how you arrived at your predictions.

Estimate the (Hf( for lithium fluoride.  Li(s) + F2(g) (  LiF(s)
Li(S)   

(   Li(g)

161 kJ

Li(g)   

(   Li+1(g) + e-1
520 kJ

½ F2(g)  
(  F(g)


154

F(g)  +  e-1   
(   F-1(g)

-328

Li+(g)  +  F-(g)  (  LiF(s)

-1047

Explain the following:

NCl3  +  Cl2   (   NR

PCl3  +  Cl2  (   PCl5
1987 Answer:

(a)
The radii of the alkali metal ions increase with increasing atomic number because the outer principal quantum number (or shell or energy level) is larger. OR

(1) There is an increase in shielding. (2) The number of orbitals increases.

(b)
The chloride ion is larger than the chlorine atom because - (any of these)


(1) the electron-electron repulsion increases.


(2) the electron-proton ratio increases.


(3) the effective nuclear charge decreases.


(4) shielding increases.

 (c)
The first ionization energy for Mg is greater than that for Al because - (either of these)

(1) the 3p orbital (Al) represents more energy than the 3s orbital (Mg) represents.


(2) the 3p electron in an Al atom is better shielded from its nucleus than a 3s electron in a Mg atom.


(3) [half credit] a 3p electron is easier to remove than a 3s electron.

(d)
In a Mg atom, the first two electrons lost are removed from the 3s orbital whereas the 3rd electron comes from a 2p orbital; a 2p orbital is much lower in energy than the 3s is; so more energy is needed to remove a 2p electron.

1993 Answer:

(a)
Electron configurations:


Na: 1s2 2s22p6 3s1
Mg: 1s2 2s22p6 3s2

One of the following explanations:



Octet/noble gas stability comparison



Energy difference explanation



Size difference explanation


and shielding/effective nuclear charge discussion.

(b)
Correct direction and explanation of any one of the following: (1) shielding differences; (2) energy differences; (3) #proton/#electron differences

(c)
Any one of the following:


(1) Ni unpaired electrons / paramagnetic; (2) Zn paired electrons / diamagnetic; (3) Ni unpaired electrons / Zn paired electrons; (4) Ni paramagnetic / Zn diamagnetic.


and orbital discussions / Hund’s Rule / Diagrams.

(d)
Expanded octet or sp3d hybrid of phosphorous and lack of d orbitals in nitrogen.  or

Nitrogen is too small to accommodate (bond) 5 fluorines or 5 bonding sites.

1982D Answer:

(a)
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(b)
CO has the shortest bond because there is a triple bond. OR because there is the greatest number of electrons between C and O in CO.

(c)
CO32- trigonal planar (planar and triangular). C bonding is sp2 hybrid - or - C has three bonding pairs and no lone pair.


CO2 linear. C bonding is sp hybrid - or - C has two bonding pairs and no lone pairs - or - CO2 is nonpolar and must be linear.


CO linear. Two atoms determine a straight line.


MC answers

1) E
2) B

3) A

4) A

5) A

6) A

7) D

8) C

9) D
10) B
11) C

12) C

13) B

14) B

15) C

16) A

17) A

18) D

19) A

20) B

21) B

22) B

23) C

24) A

25) A

26) D

27) B

28) B

29) A

30) A

31) B
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