
Term 061, Final Exam (not all correct choices are A)PRIVATE 

1. Which of the following samples contains the smallest number of atoms?

The number of atoms is equal to Avogadro's number times the number of moles of atoms, n. Thus the smallest number of moles of atoms corresponds to the smallest number of atoms.

A) 10.0 x 104 g of Pb
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B) 70.0 x 106 mol of Ar

Ar is a noble gas and thus monoatomic and mol of Ar is equal to mol of Ar atoms

C) 0.190 x 107 mol of Fe

is directly the mol of Fe atoms

D) 5.80 x 105 g of He

He is a noble gas and thus monoatomic and mol of He is equal to mol of He atoms
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E) 20 million O2 molecules

Since O2 is a diatomic gas, here we have 40 million O atoms, corresponding to

40 x 106/(6.022 x 1023) mol O atoms =  6.64 x 10-17 mol O atoms

choice E
2. The element oxygen consists of three naturally occurring isotopes: 16O, 17O, and 18O. The average atomic mass of oxygen is 16.00 amu. What does this imply about the relative abund​ances of these isotopes?

Average atomic weight, A, fractional abundances of isotope x, Px, weight of isotope x,Ax:

A= P16 x A16 + P17 x A17 + P18 x A18
A) more than 50 % of all O atoms are 17O

no, that would imply that A is larger than 16 amu

B) almost all O atoms are 18O

no, that would imply that A is almost 18 amu

C) The abundances of 17O and 18O are very small

correct, then the 17 and 18 terms are negligible and A is almost 16 amu.

D) almost all O atoms are 17O

no, that would imply that A is almost 17 amu

E) all the isotopes have the same abundance of 33.3 %

no, that would imply an A about 16.98 amu

choice C

3. The first step in the Ostwald process for producing nitric acid is:  


4 NH3(g) + 5 O2(g) ( 4 NO(g) + 6 H2O(g)

If the reaction of 150 g of ammonia with 150 g of oxygen gas yields 87 g of nitric oxide (NO), what is the percent yield of this reaction?

A)
33 %

B)
100%

C)
49 %

D)
77 %



E)
62 %

The data are 150 g and 87 g, so the number of significant figures is at most 2.

Limiting reactant calculation:

1. reactant NH3
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If all NH3 could react, it could produce
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The unit factor is from the reaction equation. 

2. reactant O2
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If all O2 could react, it could produce
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The unit factor is again from the reaction equation. 

Since if all O2 can react it produces the smaller amount of product NO, when 3.75 mol NO are produced, all O2 is used up and the recation stops. Thus
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choice D

4. The oxidation number of Cr in K2CrO4 is:

A)
+2

B)
+1

C)
-6

D)
-4

E)
+6

Potassium ions are always K+ (rules)

Oxygen in oxyanions are always oxidation number -2

The oxidation number of Cr is denoted by y and the total charge (0) must be the sum of all oxidation numbers(+1 for K, -2 for O), thus

0 = 2 x (+1) + y + 4 x (-2) = y - 6 thus the oxidation number of Cr is y = +6

choice E
5. In the following chemical reaction the oxidizing agent is:


5 H2O2 + 2 MnO4- + 6 H+ ( 2 Mn2+ + 8 H2O + 5 O2
A)
H2O2

B)
H+

C)
Mn2+



D)
MnO4-

E)
O2
An agent has to be a reactant not a product, thus choices C and E, being products must be wrong.

The oxidizing agent becomes itself reduced.

H+ has oxidation number +1 and H in H2O also, thus H+ is neither reduced nor oxidized.

In H2O2 H has oxidation number +1 and O has y, thus

2 + 2 x y = 0 and y = -1

Thus oxygen becomes oxidized from -1 in hydrogen peroxide to 0 in the element, O2, and thus choice A is wrong.

In MnO4- oxygen has oxidation number -2 as in all oxyanions, manganese has y, and thus

y + 4 x (-2) = -1 = y - 8 and thus the oxidation number of Mn in permanganate is y = +7

Mn becomes reduced from +7 in MnO4- to +2 in Mn2+ and MnO4- is thus the oxidizing agent

choice D
6. When 38.0 mL of 0.1250 M H2SO4 is added to 100. mL of a solution of PbI2, a pre​​ci​pi​ta​te of PbSO4 forms. The PbSO4 is then filtered from the solution, dried and weighed. If the re​​covered PbSO4 is found to have a mass of 0.0471 g, what was the concentration of iodide ions in the original solution?

A)
3.10 x 10-4 M

B)
3.11 x 10-3 M



C)
1.55 x 10-4 M

D)
6.20 x 10-3 M

E)
1.55 x 10-3 M

0.0471 g PbSO4 correspond to
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The number of moles of sulfate in the 38.0 mL of sulfuric acid is
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Thus there is more sulfate present than needed to precipitate all the lead sulfate and therefore sulfate is in excess.

Since the stoichiometry of lead iodide is PbI2, the number of moles of iodide is double the num​ber of moles of precipitated lead sulfate:
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Thus the iodide concentration in the original 100 mL of solution was:
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choice B
7. Calculate the density, in g/L, of chlorine (Cl2) gas at STP.

A)
3.16 g/L

B)
2.13 x 10-2 g/L

C)
46.9 g/L

D)
1.58 g/L

E)
6.32 g/L

From the ideal gas equation follows:
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MM denotes molar mass. STP means 1 atm and 0oC, and thus



[image: image13.wmf]L

g

 

3.16

 

=

 

K

 

273.15

 

 

mol

 

K

atm

 

L

 

0.08206

mol

g

 

35.45

 

 

2

 

 

atm

 

1

 

=

 

d

·

·

·


13
choice A
8. Calculate the volume of H2(g) at 273 K and 2.00 atm that will be formed when 275 mL of 0.725 M HCl solution reacts with excess Mg to give hydrogen gas and aqueous magnesium chloride.

A)
0.560 L

B)
2.23 L

C)
4.47 L

D)
3.54 L

          E)
1.12 L

equation:

Mg(s) + 2 HCl(aq) ( MgCl2(aq) + H2(g)

number of moles of H+ ions
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which yields
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The ideal gas equation gives then the volume of H2 formed:
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choice E
9. Deviations from the ideal gas law are greater at:

A) low temperatures and low pressures

B) high temperatures and high pressures

C) low temperatures and high pressures

D) high temperatures and low pressures

E) STP

Gases are most ideal when the pressure is low (large volume, thus large distances between molecules) and the temperature is high (large speeds, molecules can escape their attractions best).

least ideal at the opposite conditions: high pressure and low temperature

choice C
10. Which of the following statements is false?

A) The change in internal energy, ΔE, for a process is equal to the amount of heat absorbed at constant volume, qV
correct: ΔE = qV
B) The change in enthalpy, ΔH, for a process is equal to the amount of heat absorbed at constant pressure, qP
correct: ΔH = qP
C) A bomb calorimeter measures ΔH directly

false: by definition V is constant in a bomb calorimeter and not P, thus it measures ΔE directly not ΔH

D) If a process gives off heat, the process is exothermic

correct

E) The freezing of water is an example of an exothermic reaction

correct: since for any melting of a solid we have to heat it, melting is endothermic, and therefore the reverse reaction, freezing, must be exothermic.

choice C
11. Considering the following reaction:

2 HCl(aq) + Ba(OH)2(aq) ( BaCl2(aq) + 2H2O(l)

ΔH = -118 kJ

Calculate the final temperature of the mixture when 100.0 mL of 0.500 M HCl is mixed with 300.0 mL of 0.100 M Ba(OH)2. Assume that the temperature of both solutions was ini​ti​al​ly 25.0 oC, that the mixture has a mass of 400.0 g, and a specific heat of 4.18 J/(oCg).

A)
26.8 oC

B)
23.2 oC
C)
29.5 oC

D)
28.5 oC

E)
30.3 oC

Net ionic equation: H+ + OH- ( H2O
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H+ is thus the limting reactant. Thus
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The heat of reaction is minus the heat absorbed by the mixture (surrounding):
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choice A
12. Bonds with higher ionic character form between (note: Ei = ionization energy and Eea = electron affinity)

A) an element with a large Ei and an element with a small negative Eea
no, because the cation formation needs a large Ei and the anion formation provides only a small negative Eea
B) an element with a small Ei and an element with a small negative Eea
no, the cation formation needs only a small Ei but the anion formation provides also only a small (maybe too small) negative Eea
C) elements with equal values of Ei and Eea
no, when they are equal, both are endothermic (Ei is always positive) and need energy

D) an element with a large Ei and an element with a large negative Eea
no, because the cation formation needs a large Ei and the anion formation provides also a large negative Eea (maybe not enough)

E) an element with a small Ei and an element with a large negative Eea
yes, because the cation formation needs only a small Ei while the anion formation provides a large negative Eea
choice E
13. In which of the following choices, compounds are not arranged in order of increasing absolute values of the lattice energy

Most important: charge number: compounds with largest charge numbers are most stable and have largest absolute lattice energy (negative quantity)

Second most important: ionic sizes: compounds with equal charge numbers but smallest ions have the larger absolute lattice energy

A) CsCl < RbCl < KCl

correct: same charge numbers, 1+ and 1-, Cl- in all of them and Cs+ (n=6) larger Rb+ (n=5) larger K+ (n=4) 

B) NaI < NaCl < NaF

correct: same charge numbers, 1+ and 1-, Na+ in all of them and I- (n=5) larger Cl- (n=3) larger F- (n=2)

C) NaCl < CaCl2 < BeO

correct: +1 and -1 charges in NaCl, +2 and -1 charges in CaCl2, +2 and -2 in BeO, ionic size does not matter here because of the different charge numbers of the ions

D) BaI2 < BaBr2 < BaCl2
correct: same charge numbers, 2+ and 1-, Ba2+ in all of them and I- (n=5) larger Br- (n=4) larger Cl- (n=3)

E) KI < MgO < CaO

incorrect: KI smallest because of 1+ and 1- charges, but MgO and CaO have both 2+ charges and both O2- ions, but Mg2+ (n=2) is smaller than Ca2+ and thus in absolute lattice energy CaO < MgO

choice E
14. Group 2A elements

A) have smaller ionization energies than group 1A elements

no, the opposite is correct

B) have very high third ionization energies

yes: they all have ns2 configuration, and thus the third ionization cuts out an electron from the core and is thus very high

C) gain 2 electrons to attain a noble gas electron configuration

no: they lose 2 electrons to get a noble gas configuration (double positive cations)

D) are good oxidizing agents

no: they easily lose 2 electrons and are good reducing agents

E) are more reactive toward oxygen and water than group 1A elements

no, the opposite is true

choice B
15. Which of the following formulae is correctly matched with the description of the central atom in the correct Lewis structure?

A) PH3; 4 valence electrons, 3 bonds, and 1 lone pair

number of electrons needed: 5 + 3 x 1 = 8

[image: image20.wmf]
1
3 bonds and 1 lone pair are correct, but P has 5 valence electrons NOT 4

B) SCl2; 6 valence electrons, 2 bonds, and 0 lone pairs

number of electrons needed: 6 + 2 x 7 = 20

[image: image21.wmf]
2
6 valence electrons and 2 bonds are correct, but there are 2 lone pairs, NOT 0

C) SeH2; 6 valence electrons, 2 bonds, and 1 lone pair

number of electrons needed: 6 + 2 x 1 = 8

[image: image22.wmf]
3
6 valence electrons and 2 bonds are correct, but there are 2 lone pairs, NOT 1

D) SiCl4; 4 valence electrons, 4 bonds, and 0 lone pairs

number of electrons needed: 4 + 4 x 7 = 32

[image: image23.wmf]
4
correct

E) OF2; 1 valence electron, 1 bond, and 0 lone pairs

number of electrons needed: 6 + 2 x 7 = 20

[image: image24.wmf]
5
There are 6 valence electrons, NOT 1, 2 bonds, NOT 1, and 2 lone pairs, NOT 0

16. Which of the following species is correctly matched with its electron pair arrangement?

A) SO2, linear

electrons: 6 (S) + 2 x 6 (O) = 18

2 SO single bonds, 3 lone pairs at each O to form octets at each O: 8 electrons per oxygen, thus we have 16 e. S can expand its octet, 

thus the missing lone pair goes to S.

To reduce formal charges: 

at each O 1 lone pair is used to form a S = O double bond:

[image: image25.wmf]
6
trigonal planar electron pair arrangement, NOT linear

bent molecular shape

B) BCl3, tetrahedral

needed: 3 (B) + 3 x 7 (Cl) electrons = 24 e

1 B-Cl single bond from B to each Cl, to complete the octets, 3 lone pairs at each Cl:

8 electrons/Cl that is 24 e and the structure is complete.

electron deficient compound, B has no octet because group 3A

trigonal planar arrangement of electron pairs, NOT tetrahedral, shape is same, because no lone pair at B:

[image: image26.wmf]
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C) PH3, tetrahedral

correct:

electrons needed: 5 (P) + 3 x 1 (H) = 8 electrons

1 P-H bond from P to each H

duets at H are ok, 6 electrons, the missing 2 go as lone pair to P completing its octet:

tetrahedral arrangement of electron pairs, trigonal pyramidal molecular shape

[image: image27.wmf]
8
D) IF5, trigonal bipyramidal

electrons needed: 7 (I) + 5 x 7 (F) = 42 e

1 I-F single bond from I to each one of the F atoms

3 lone pairs at each F to complete the octet at each F

8 electrons/F and thus 5 x 8 = 40 electrons in the structure:

lone pair at I (can expand octet)

6 electron pairs at I: octahedral arrangement of electron pairs at iodine, 

NOT trigonal bipyramidal, 

capped octahedral or square pyramidal molecular shape

[image: image28.wmf]
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E) XeF2, T-shaped

electrons needed: 8 (Xe) + 2 x 7 (F) = 22 e

1 Xe-F single bond from Xe to each one of the F atoms

3 lone pairs to each F atom to complete their octets

8 electrons/F and thus 16 electrons in the structure

Xe can expand its octet, so the 6 missing ones go as lone pairs to Xe

5 electron pairs at Xe: trigonal bipyramidal arrangement of electron pairs, NOT T-shaped

linear molecular shape

T-shaped has NOTHING to do with the arrangement of electron pairs

[image: image29.wmf]
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17. Which of the following molecules are polar?

SF4, CS2, NF3, SO3, PF5
To answer this question, we have to look at the Lewis structures of the molecules.

SF4: electrons needed: 6 (S) + 4 x 7 (F) = 34

4 S-F single bonds from S to each F

octet at each F completed with 3 lone pairs at each F

8 electrons/F: 4 x 8 = 32 electrons.

S can expand its octet so the missing 2 go as lone pair to S

trigonal bipyramidal arrangement of 5 electron pairs around S, lone pair must be in the central triangle.

S-F bond moments could cancel each other, but not the lone pair moment: polar

[image: image30.wmf]
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CS2: electrons needed: 4 (C) + 2 x 6 (S) = 16

2 C-S single bonds from C to each S

octet at C can only be completed by 2 C=S double bonds and those at the S atoms by 2 lone pairs at each S

2 x [4 electrons/C=S] + 2 x [4 electrons/S(lone pairs)] =  8 + 8 = 16 electrons.

no lone pair at C

linear arrangement of 2 sigma bonds around C.

opposite C=S bond moments cancel each other: non-polar

[image: image31.wmf]
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NF3: electrons needed: 5 (N) + 3 x 7 (F) = 26

3 N-F single bonds from N to each F

octet at each F completed with 3 lone pairs at each F

8 electrons/F: 3 x 8 = 24 electrons.

the missing 2 go as lone pair to N to complete its octet

tetrahedral arrangement of 4 electron pairs around N.

N-F bond moments could cancel each other, but not the lone pair moment: polar

[image: image32.wmf]
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SO3: electrons needed: 6 (S) + 3 x 6 (O) = 24

4 S-O single bonds from S to each O

octet at O atoms completed by 3 lone pairs at each

8 electrons/O 3 x 8 = 24 electrons.

formal charges: 7 electrons around O: each oxygen has -1

3 electrons at S: S has +3

According to the rules we reduce the formal charges by using 1 lone pair from each O to form a S=O double bond

trigonal planar arrangement of 3 sigma bonds around S, no lone pair at S.

the S=O bond moments cancel each other: non-polar

[image: image33.wmf]
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PF5: electrons needed: 5 (P) + 5 x 7 (F) = 40

5 P-F single bonds from P to each F

octet at each F completed with 3 lone pairs at each F

8 electrons/F: 5 x 8 = 40 electrons.

no lone pair at P

trigonal bipyramidal arrangement and shape of 5 electron pairs around P, no lone 

pair at P, all P-F bond moments in a regular shape cancel each other: non-polar 

[image: image34.wmf]
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A) SO3 and CS2

B) CS2 and NF3

C) NF3 and PF5
all incorrect

D) SF4 and NF3 correct

E) PF5 and SF4  incorrect

choice D
18. Aluminum sulfate is

A) Al2S3
(Al3+)2(S2-)3: this is aluminum sulfide

B) Al2(SO3)3
(Al3+)2(SO32-)3: this is aluminum sulfite

C) Al3(SO3)2 this is nonsense (not charge neutral)

D) Al2(SO4)3 

(Al3+)2(SO42-)3: this is aluminum sulfate

E) Al3(SO4)2 this is nonsense (not charge neutral)

choice D
19. In an experiment Rutherford shot α particles at a thin gold foil. He concluded that

A) electrons in an atom must be outside a dense, positively charged nucleus.

correct: he found a positively charged, dense nucleus. Since atoms are charge neutral, the negative charge (electrons) must be outside the nucleus.

B) the ratios of the masses of the elements in a compound are always the same for the same compound.

Proust's law of definite proportions which has nothing to do with Rutherford's experiment.

C) there are electrons in atoms

found by Thomson's cathode ray tube experiments not by Rutherford.

D) the value of the charge of an electron is -1.6022 x 10-19 coulombs

found by Millikan's oil droplet experiments not by Rutherford.

E) α particles are in one kind of radiation

true, but not found by Rutherford.

choice A
20. In the polar, T-shaped chlorine trifluoride, ClF3, molecule, the hybridization at the central Cl atom is

A) sp

   B) sp2

C) sp3
D) dsp3
   E) d2sp3
to find the hybridization, we need first the Lewis structure.

ClF3: electrons needed: 7 (Cl) + 3 x 7 (F) = 28 electrons

Cl-F single bonds from Cl to each one of the F atoms

to complete the octets each F atom gets 3 lone pairs

8 electrons/F: 3 x 8 = 24 electrons

Cl can expand its octet, so the missing 4 electrons go as 2 lone pairs to Cl

trigonal bipyramidal arrangement of 5 electron pairs at Cl, the lone pairs must go into the central triangle: T-shape, polar

5 electron pairs: Cl needs 5 hybrid orbitals to put them in:

1 (s) + 3 (p3) + 1 (d) = 5 hybrid orbitals (dsp3)

[image: image35.wmf]
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choice D
21. Which of the following is paramagnetic?

A) N2

B) F2-

C) C2

D) Li2

E) O22+
To answer this question, we have to fill the MO scheme for each choice with the cor​res​​ponding number of electrons from below following the Pauli principle and Hund's rule and find that one with 1 (or more) unpaired electron:

[image: image36.wmf]
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choice B

22. The hybridization of N atoms at positions 1 and 2 in the following structure will be

[image: image37.wmf]
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respectively (add the missing bonds and lone pairs):

A) sp2 at 1 and sp3 at 2

B) sp at 1 and sp2 at 2

C) sp at 1 and sp3 at 2

D) sp3 at 1 and sp2 at 2

E) sp3 at 1 and sp at 2

The Lewis structure with octets at each central atom is

[image: image38.wmf]
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N at 1: 1 lone pair and 1 N-C sigma bond: sp

N at 2: 1 lone pair, 1 N-C, and 2 N-H sigma bonds: sp3
choice C
23. The planes defined by the electron densities of the two π bonds in carbon dioxide, O=C=O, are

A) perpendicular (at a 90 degree angle) to each other

B) at some angle larger than 0 and less than 90 degrees

C) sharing the same space

D) at some angle larger than 120 and less than 180 degrees

E) coplanar (at a 0 degree angle) to each other

In CO2 there are 2 CO σ-bonds, 2 CO π-bonds and 4 lone pairs, 2 on each oxygen. At each oxygen the σ-pair structure is formed by a triangle made up from the CO σ-bond and the 2 lone pairs. For these 3 electron pairs on each oxygen three hybrid orbitals are needed and thus an sp2 hybrid on each oxygen. C has a linear arrangement of 2 CO σ-bond pairs and thus needs an sp hybrid for them. As the coordinate system is sketched, this sp hybrid on C is made from 2s(C) + 2px(C) orbitals.

Thus carbon has still 2 perpendicular, singly occupied 2py(C) and 2pz(C) orbitals. When 2pz(C) is used for sideways overlap with 2pz(O) on the left of C, then the sp2 hybrid on O can only be formed from 2s(O) + 2px(O) + 2py(O) and since the xy part of the coordinates is in the paper plane, the lone pairs on the left oxygen are fully in the paper plane.

In the sketch below the pz orbitals are seen from the top and thus appear only as circles. Since C has used its 2pz orbital for the π-bond to the left O, it has only its 2py orbital left to form the π-bond to the right oxygen. 

Thus from this oxygen also the 2py(O) is needed for the π-bond to C and thus the sp2 hybrid on the right oxygen must be made from 2s(O) + 2px(O) + 2pz(O). 

Thus the lone pairs on the right oxygen must be perpendicular to those on the left and also the 2 CO π-bonds must be perpendicular to each other:

[image: image39.wmf]
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The situation is similar to allene (CH2 = C = CH2). There the 2 CC π-bonds are also 

perpendicular to each other and so are the 2 CH2 groups.

choice A
24. Which one of the following molecules and ions would become more stable, when an electron is removed from the highest occupied molecular orbital (in energy)?

A) C2

B) B2

C) N2

D) N2+
E) O2
A molecule or ion becomes more stable if the electron is removed from an antibonding (*) orbital.

A molecule or ion becomes less stable if the electron is removed from a bonding (no *) orbital.

MO schemes:

[image: image40.wmf]
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choice E
25. Which one of the following molecules or ions does not exist according to Molecular Orbital theory?

A) F22-
B) F2-

C) O22+
D) O2+
E) O2
The bond order is BO = 0.5 x (number of electrons in bonding (no *) orbitals - number of electrons in anti-bonding (*) orbitals)

The molecule or ion does not exist according to MO theory, when BO = 0:

[image: image41.wmf]
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choice A
26. Three students are asked to determine the mass of a piece of copper wire. The results of two weighings by each student are

	PRIVATE 

Experiment #
	
student A
	
student B
	
student C

	
1
	
1.964 g
	
1.972 g
	
2.000 g

	
2
	
1.978 g
	
1.968 g
	
2.002 g

	
average value
	
1.971 g
	
1.970 g
	
2.001 g


The true mass of the wire is 2.000 g. Which statement is not correct regarding the above mea​surements?

A) Student A's results are more precise than those of student B

B) Student C's results are more precise than those of student B

C) Student C's results are most accurate

D) Student B's results are more precise than those of student A

E) Student A's results are least precise

Important here is average value plus/minus deviations of the measurements

accurate: average value close to true value

precise: small deviations

A: 1.971 g plus/minus 0.007 g

medium accurate and least precise

B: 1.970 g plus/minus 0.002 g

least accurate and medium precise

C: 2.001 g plus/minus 0.001 g

most accurate and most precise

so A is wrong, B - E are correct

choice A
27. Krypton has a higher melting point than Argon because of its

A) hydrogen bonding

there is NO hydrogen bonding between noble gas atoms

B) stronger dispersion forces

Kr has a higher molar mass than Ar, and thus stronger dispersion forces, causing a higher melting point.

C) permanent dipole moment

noble gas atoms have NO dipole moments

D) ionic bonds

noble gas atoms have NO ionic bonds

E) greater ionization energy

has nothing to do with the melting point

choice B
28. Which of the following substances exhibit hydrogen bonding in the liquid state?

For hydrogen bonding there must an almost linear sequence of 3 atoms with hydrogen in the center, bound covalently to one of the terminal ones and by a hydrogen bond to the other one:

[image: image42.wmf]
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For hydrogen bonds A and B must be O, F, or N

A) PH3 no O, F, or N

B) H2 does not even have a dipole moment

C) H2S no O, F, or N

D) CH4 does not even have a dipole moment

E) NH3 correct (A = B = N)

choice E
29. X-rays of wavelength 0.220 nm are diffracted by atomic layers separated by a distance of 282 pm. Assuming a first order diffraction (n=1), calculate the angle of diffraction.

A) 23.0o
B) 18.2o
C) 34.5o
D) 5.26o
E) 41.3o
Bragg equation:
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numbers:
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choice A
30. Vanadium (V) crystallizes in a body-centered cubic lattice, and the length of the edge of a unit cell is 305 pm. What is the density of V?

A) 5.96 g/cm3
           B) 2.98 g/cm3
C) 2.98 x 10-6 g/cm3
D) 5.96 x 10-30 g/cm3
 E) 11.9 g/cm3
bcc lattice: 8/8 (8 occupied corners each shared by 8 cells) + 1 (in the center) = 2 atoms per unit cell  

mass of the unit cell:
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AV denotes the average atomic weight of V

e denotes the edge length of the cube: Vcell = e3:
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The density d is mcell/Vcell:
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choice A
31. The vapor pressure of ethanol is 400. mmHg at 63.5oC. Its molar heat of vaporization is 39.2 kJ/mol. What is the vapor pressure of ethanol, in mmHg, at 34.9oC?

A) 1,510 mmHg
B) 109 mmHg
C) 200. mmHg

D) 0.00990 mmHg
E) 4.61 mmHg

We must use the Clausius-Clapeyron equation:
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C is the same at both temperatures (state 1 denotes the higher one, state 2 the lower one) and cancels when we subtract the equations for the two states:
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temperatures must be changed by adding 273.15 to the celcius degrees:
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Note: if -273 oC is used as absolute 0, P2 is 108.78 torr = 109 torr and if -273.2 oC is used as absolute 0, P2 = 108.96 torr = 109 torr; all three possibilities – same result.

choice B
32. Which of the following properties indicates the presence of strong intermolecular forces in a liquid?

A) a low heat of vaporization

that means that there are small forces to break to bring a molecule into the gas phase

B) a low critical temperature

there is no relation between forces and critical temperature

C) a low vapor pressure

strong forces: only a few molecules can go into the gas phase and thus a low vapor pressure

D) a low boiling point

similar to A: indicates small forces

E) low viscosity

indicates small forces

choice C
33. Using the following phase diagram of a certain substance, in what phase(s) is the substance at 50 oC and 1 atm pressure? 

[image: image51.wmf]
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A) solid
B) liquid
C) gas
             D) solid + liquid

E) liquid + gas

Since 50 oC/1 atm is on none of the lines, D and E are excluded

the lower right line clearly has an endpoint, a critical point. Thus it must be the liquid/gas equilibrium line.

So on the left at lower T and higher P must be the solid, on the right at higher T and lower P the gas and in the middle the liquid. That fits also to the existence of a triple point.

The intersection of the 50 oC isotherm and the 1 atm isobar is in the liquid region

[image: image52.wmf]
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choice B
34. Calculate the molality of a 2.35 M methanol (CH3OH) solution whose density is 0.920 g/mL.

A) 1.05 m
B) 2.78 m
C) 3.62 m
D) 5.40 m
E) 4.73 m

There are 2.35 mol CH3OH in 1 L of solution (molarity):

(mass) M1L solution = 0.920 g/mL x 1000 mL = 920 g

(mass of methanol in 1 L) Mmethanol = (12.01 + 4 x 1.008 +16.00) g/mol x 2.35 mol

= 75.2987 g

thus (920 - 75.2987) g H2O in 1 L solution = 844.7013 g H2O in 1 L solution

therefore the molality, m, is



[image: image53.wmf]m

 

2.78

 

=

 

kg

mol

 

2.78

 

=

 

 solvent

kg

 

0.8447013

 solute

mol

 

2.35

 

=

 

m


28
choice B
35. The solubility of a gas in water at 25 oC and a partial pressure of 1.0 atm is 6.7 x 10-4 mol/L. What is the molar concentration of the gas dissolved in water if its partial pressure is 0.80 atm?

A) 6.7 x 10-4 M
B) 2.1 x 10-4 M
C) 1.0 x 10-4M

D) 1.8 x 10-4 M
E) 5.4 x 10-4 M

Henry's law: c = kP
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Thus the solubility, c', at 0.80 atm is
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choice E
36. At 25 oC the vapor pressure of pure water is 23.76 mmHg and that of an aqueous glu​cose solution is 22.56 mmHg. Calculate the mole fraction of glucose.

A) 0.9494
B) 0.9573
C) 0.0382
D) 0.0505
E) 0.0120

Raoult's law: P = xsolventPo = (1 - xsolute) Po
thus ΔP = Po - P = xsolute Po
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choice D
37. The molal freezing point depression constant of water is 1.86 oC/m. Calculate the freezing point of a solution containing 185 g NaCl in 1350 g of water.

A) 4.36 oC
B) -5.23 oC
C) -8.72 oC
D) -2.49 oC
E) -4.36 oC

for NaCl the van't Hoff factor is i = 2.
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Thus the molality of the electrolyte is
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Therefore
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choice C
38. A 305 mL benzene solution containing 3.25 g of a non-electrolyte compound has an osmotic pressure of 7.54 mmHg at 22 oC. Calculate the molar mass of this compound.

A) 1.72 x 103 g/mol  
B) 2.60 x 104 g/mol  
C) 3.85 x 102 g/mol

D) 7.23 x 105 g/mol  
E) 9.45 x 106 g/mol

non-electrolyte: van't Hoff factor, i=1
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Thus the molarity, M, is
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Then the number of moles in 305 mL solution is
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and finally the molar mass, MM:
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choice B
39. Which of the following statements is correct?

A) The solubility of solids in water always increases with increasing temperature

not always, only when the solution is endothermic, ΔsolnH > 0

B) The solubility of solids in water always decreases with increasing temperature

not always, only when the solution is exothermic, ΔsolnH < 0

C) The solubility of a gas in water increases with increasing temperature

no, the general observation is opposite

D) The solubility of NH3 gas in water is well described by Henry's law

no, Henry's law holds only if no chemical reactions occur during dissolving. 

Here NH3(g) + H2O(l) ( NH4OH(aq) oocurs at least to a limited amount.

E) The solubility of a gas in water decreases with increasing temperature

yes, that is the general observation 

choice E
40. A solution is made by mixing two volatile liquids A and B. The intermolecular forces between A and B molecules in the solution are weaker than those between A molecules and B molecules in the pure liquids. In these conditions which of the following statements is correct?

A) ΔsolnH = 0

no, ideal solution only if for the forces AA = BB = AB is true

B) The solution process is endothermic

yes, because energy increases, since the forces are AB < AA, BB

C) A negative deviation from Raoult's law is observed

No, only if ΔsolnH < 0; here a positive one would be observed

D) A and B may be benzene and toluene respectively

no, these, because of very similar dispersion interactions AA, BB, and AB, form an almost ideal solution

E) The solution process is exothermic

no, would only be true if forces AB > AA, BB

choice B
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