Chem101, Term 101, 1. Major Exam, T 9.11.2010, version 010PRIVATE 

Correct choices in bold-italic letters. W. Fِrner
1. In Rutherford's experiment,

A) the oil drop is suspended in air.

No, that is Millikan's experiment

B) the oil drop is negatively charged.

Yes, but in Millikan's experiment

C) electrons are deflected by the nucleus.

No, negatively charged particles canmnot be deflected by a positive nucleus

D) alpha particles are deflected by the nucleus.
Yes this is Rutherford's experiment

E) the oil drop is positively charged.

NO, not even in Millikan's experiment

2. When a new element with the atomic number 117 is discovered, it will be classified as

A) alkaline earth metal. (group 2A)

B) chalcogen. (group 6A)

C) halogen. (group 7A)

D) alkali metal. (group 1A)

E) transition metal. (B groups)

From the last element in the table count to the right element box by element box up to 117, and you end up below Astatine (At) in group 7A, the halogens.

3. A sample of water was heated up to 75.0oC. This temperature expressed in Fahrenheit is

A) 177

B) 167
C) 193

D) 175

E) 107

The conversion formula is TF = [9oF/(5oC)] x TC + 32oF = [9oF/(5oC)] x 75.0oC + 32oF =

= 167oF

4. Consider the reaction:

N2(g) + 3 H2(g) ( 2 NH3(g)ΔH = -92.6 kJ

When 2 moles of N2 react with 6 moles of H2 to form 4 moles of NH3 at 1 atm, there is a decrease in volume equal to 98 L. Calculate ΔU for this reaction (1 L atm = 101.3 J).

A) -195.1 kJ

B) -175.3 kJ
C) -185.2 kJ

D) -92.6 kJ

E) -370.4 kJ

The first law states ΔU = q + w

Here: q = qP = ΔH:

2 N2(g) + 6 H2(g) ( 4 NH3(g)q = qP = ΔH = -2 x 92.6 kJ = -185.2 kJ

the pressure volume work is 
w = -PΔV = -1 atm x (-98 L) x 101.3 J/1 L atm =

= 9927 J = 9.927 kJ

ΔU = q + w = (-185.2 + 9.927) kJ = -175.27 kJ = -175.3 kJ

5. A plastic block has dimensions of 2.2 cm x 3.0 cm x 1.5 cm and a mass of 12.1 grams. Will the block float in water and why?

It will float, when its density is smaller than that of water (dwater = 1.00 g/cm3)

density of the plastic block: 
dblock = m/V = 12.4 g/(2.2 x 3.0 x 1.5 cm3) = 1.3 g/cm3
Thus dblock > dwater and it will sink in water not float

A) Yes, because the density of the block is 0.80 g/cm3 which is less than the density of water.

B) No, because the density of the block is 1.3 g/cm3 which is greater than the density of water.
C) Yes, because the density of the block is 1.3 g/cm3 which is less than the density of water.

D) Yes, because the density of the block is 1.3 g/cm3 which is greater than the density of water.

E) Yes, because the density of the block is 0.80 g/cm3 which is greater than the density of water.

6. Calculate the enthalpy change, ΔH for the reaction:

(0) NO(g) + O(g) ( NO2(g)

from the following data:

(1) NO(g) + O3(g) ( NO2(g) + O2(g)           ΔH1 = -198.9 kJ

(2) O3(g) ( 3/2 O2(g)                                   ΔH2 = -142.3 kJ

(3) O2(g) ( 2 O(g)                                       ΔH3 = 495.0 kJ

A) 438.4 kJ

B) 180.9 kJ

C) -551.6 kJ

D) -304.1 kJ
E) 190.9 kJ

Since in (1) there is NO on the left and NO2 on the right we start with +(1). To remove the O3 we subtract (2): -(2). Then there is 1/2 O2 left which we remove by -1/2 (3):

(1) - (2) - 1/2 (3) =

NO(g) + O3(g) + 3/2 O2(g) + O(g) ( NO2(g) + O2(g) + O3(g) +                                                                            +1/2 O2(g)

= NO(g) + O(g) ( NO2(g) as required, since O3(g) + 3/2 O2(g) is on both sides and thus subtracts out.

Therefore ΔH0 = ΔH1 - ΔH2 - 1/2 ΔH3 
= (-198.9 + 142.3 - 0.5 x 495.0) kJ = -304.1 kJ

7. The combustion of 2.78 mg of a compound, containing carbon, hydrogen and oxygen, produces 6.32 mg of CO2 and 2.58 mg of H2O. What is the empirical formula of the compound?

A) C3H6O
B) C4H5O

C) C2H5O

D) CH3O

E) CHO

The mass of carbon in the 2.78 mg sample is the number of moles of CO2 times the molar weight of carbon:
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The mass of hydrogen in the 2.78 mg sample is two times the number of moles of H2O times the molar weight of hydrogen (two times since there are 2 H atoms per water molecule):
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Since there is only carbon hydrogen and oxygen in the compound, the mass of oxygen is obtained from the difference: mO = (2.78 - 1.7247 - 0.2887) mg O = 0.7666 mg O = 

= 4.7913 x 10-5 mol O 

Thus 
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8. Which one of the following statements is correct?

A) An endothermic reaction causes the surroundings to decrease in temperature.
Sure: an endothermic reaction gets the energy it needs to proceed from cooling the surroundings

B) The unit of energy most commonly employed in chemsitry is oC.

Nonsense: oC is a temperature unit not an energy unit

C) Potential energy is the energy produced by a moving object.

Nonsense: that is kinetic energy

D) Kinetic energy is the energy stored within the structural units of chemical substances.

Nonsense: that is potential energy

E) the freezing of water is an example of an endothermic reaction.

Nonsense: melting is endothermic, freezing is exothermic

9. The correct number of protons, electrons and neutrons in 21081Tl3+ ion:

A) 81 protons, 78 electrons and 210 neutrons

B) 78 protons, 81 electrons and 129 neutrons

C) 81 protons, 81 electrons and 210 neutrons

D) 210 protons, 207 electrons and 129 neutrons

E) 81 protons, 78 electrons and 129 neutrons
The number of protons, p, is equal to the atomic number of Tl, the left subscript: p = 81

The left superscript, is equal to n + p, n being the number of neutrons. Thus n = 210 - 81 = 129

The number of electrons is equal to e = p - charge = 81 - 3 = 78

10. In the following reaction,

2 MnO4-(aq) + 3 S2-(aq) + 4 H2O(l) ( 2 MnO2(s) + 3 S(s) + 8                                                                                         +OH-(aq)

the reducing agent is

A) MnO2
B) H2O

C) MnO4-
D) S2-
E) S

By definition, the reducing agent is the REACTANT which becomes oxidized

The reactant sulfide S2- becomes oxidized from oxidation number -2 in sulfide to oxidation number 0 in the element S (increase of oxidation number) and is thus the reducing agent, since it reduces Mn from oxidation number +7 in MnO4- to +4 in MnO2 (decrease in oxidation number)

11. Assuming that a lithium atom is spherical, calculate its volume in cm3. The volume of a sphere is given by V = (4/3)πr3. The radius of a lithium atom is 1.52 Angstroems.

A) 4.78 x 10-8 cm3
B) 3.06 x 10-17 cm3
C) 1.47 x 10-23 cm3
D) 6.14 x 10-22 cm3
E) 4.68 x 10-24 cm3
1 Angstroem = 10-10 m = 10-8 x (10-2 m) = 10-8 cm

V = (4/3) x 3.14159 x (1.52 x 10-8)3 cm3 = 1.471 x 10-23 cm3
12. 26.7 mL of a 0.15 M aqueous solution of barium hydroxide are required to reach the end point in a titration of 17.3 mL of an aqueous phosphoric acid. What is the molarity of the phosphoric acid solution?

A) 0.15 M
B) 0.23 M

C) 0.18 M

D) 0.077 M

E) 0.772 M

the molecular equation for the reaction is

3 Ba(OH)2(aq) + 2 H3PO4(aq) ( Ba3(PO4)2(aq) + 6 H2O(l)

Thus the mole ratio phosphoric acid to barium hydroxide is 2/3:
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13. Based on the solubility rules, which one of the following will occur when a 0.1 M Pb(NO3)2 aqueous solution is mixed with a 0.1 M of KI solution?

A) Pb(NO3)2 will precipitate; K+ and I- are spectator ions.

Nonsense, all nitrates are soluble and Pb(NO3)2 was in solution before the mixing

B) KNO3 will precipitate; Pb2- and I- are spectator ions.

Nonsense, all nitrates are soluble and further PbI2 is insoluble

C) No precipitation will occur.

Nonsense, PbI2 is insoluble

D) No precipitate will form.

Nonsense, just as D)

E) PbI2 will precipitate, K+ and NO3- are spectator ions 

Correct, PbI2 is insoluble, while KNO3 is soluble

14. Determine the number of oxygen atoms in 1.5 g Fe2(SO4)3
A) 6.8 x 1021
B) 2.3 x 1021
C) 2.7 x 1022
D) 9.0 x 1021
E) 1.4 x 1022
To get the number of moles we must divide the mass by the molar mass, then m,ultiply the number of moles by Avogadro's number and finally the result by 12, because there are 12 O atoms in 1 formula unit of Fe2(SO4)3:
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15. Which one of the following is the correct formula for sulfurous acid?

A) HS

That does not exist, only HS-, the hydrogen sulfide ion exists.

B) HSO4
That does not exist, only HSO4-, the hydrogen sulfate ion exists.

C) H2S

That is either hydrogen sulfide when in gas phase, or hydrosulfuric acid when in aqueous solution.

D) H2SO3
Correct: the acid related to sulfite ion, SO32-, is sulfurous acid

E) H2SO4
Incorrect: the acid related to sulfate ion, SO42-, is sulfuric acid

16. To which one of the following reactions occurring at 25oC does the symbol ΔHof[H3PO4(l)] refer?

The standard heat of formation refers to the reaction which produces 1 mol H3PO4(l) out of the elements in their most stable form under dtandard conditions.

A) H3PO4(l) ( 3/2 H2(g) + P(g) + 2 O2(g)

this is decomposition of phopsphoric acid not formation

B) H3PO4(l) ( 3 H(g) + P(g) + 4 O(g)

this is decomposition of phopsphoric acid (and includes also decomposition of H2 and O2) not formation

C) 3 H(g) + P(g) + 4 O(g) ( H3PO4(l)

here all the elements are not in their most stable forms

D) 3/2 H2(g) + P(g) + 2 O2(g) ( H3PO4(l)

here the element P is not in its most stable form, P(s)

E) 3/2 H2(g) + P(s) + 2 O2(g) ( H3PO4(l)
This is formation of 1 mol phosphoric acid (l) from the elements in their most stable forms

17. When the following reaction is balanced, the sum of all coefficients is

C8H18(l) + O2(g) ( CO2(g) + H2O(l)

A) 26

B) 43

C) 25

D) 61
E) 52

From C8H18, 8 CO2 and 9 H2O can be formed. That however needs 16 + 9 =25 O atoms and thus 25/2 O2 molecules on the left.

Since a correctly balanced equation contains the smallest possible set of integer coefficients, it must be multiplied by 2:

2 C8H18(l) + 25 O2(g) ( 16 CO2(g) + 18 H2O(l)

2 + 25 + 16 + 18 = 61

18. Sulfur forms two compounds with fluorine. In one of them 0.447 g of sulfur is combined with 1.06 g of fluorine and in the other, 0.438 g sulfur is combined with 1.56 g of fluorine. These data illustrate the law of

A) Definite composition

No, that states that a chemical compound has always the same composition of atoms, no matter where it comes from

B) Conservation of energy

No, that states that the total energy of the universe does not change

C) Definite proportions

No, same as A)

D) Multiple proportions
Yes, that states that when two elements form two different compounds with each other, then the ratios of the masses of one element to 1 g of the other in the compounds have a simple integer number ratio

E) Conservation of mass

No, that states that in a chemical reaction the total mass of products is equal to the total mass of reactants

compound 1: (0.447 g S)/(1.06 g F) = 0.422 (g S/g F)

compound 2: (0.438 g S)/(1.56 g F) = 0.281 (g S/g F)

compound 1/compound 2 = 0.422/0.281 = 1.50 = 3/2

19. Do the indicated arithmetic and give the answer to the correct number of significant figures.

(1.5 x 10-4 x 61.3) + 2.01

A) 2.019

B) 2.0

C) 2.0191

D) 2.02
E) 2.019195

1.5 x 10-4 x 61.3 (= 9.195000 x 10-3) + 2.01 = 2.019195

1.5 has 2 significant figures, 61.3 has 3, and thus the result must have 2: 0.0092

2.01 has 2 significant digits after the decimal point (0, between 2 and 1 is significant) and so has 0.0092, thus the result must have 2 significant digits after the decimal point: 2.02

20. What is the mass, in grams, of NO produced from the reaction of 29.0 g of NH3 and 57.6 g of O2 according to the following chemical equation?

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

A) 43.2
B) 76.5

C) 51.1

D) 79.1

E) 65.3

moles of NO that could be produced if all NH3 could react:
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moles of NO that could be produced if all O2 could react:
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Thus O2 is the limiting reactant because after 1.4400 mol NO are produced the left over NH3 has no more O2 to react with and the reaction must stop.

mass of NO produced:
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