1. Major Exam, Chem101, Term 062, Chapters 1-4PRIVATE 

Version 000, all correct choices are A

Solved by W. Föِrner

1. In one experiment a chemist was recording the temperature for a specific reaction. He obtained the following readings from five trials he made:

_____________________________________________________

  Trial #





Temperature (oC)

_____________________________________________________


1






120.9


2






120.8


3






121.1


4






121.0


5






120.8

_____________________________________________________

If the correct temperature is 349 oF, which one of the following statements describes his readings best?

A) They are precise but not accurate

B) They are precise and accurate

C) They are accurate but not precise

D) They are neither accurate nor precise

E) The number of trials is not enough to decide accuracy and precision

E: the number of trials is involved in statistical considerations, not for accuracy or precision

accurate: the average of the measured values is not more than about 1 – 2 % away from the correct value

precise: the average of the measured values is not more than about 1 – 2 % away from all the measured values

correct value: TC = 5/9 x (TF - 32) oC = 5/9 x (349 - 32) oC = 176.1 oC

average = 120.9 oC - 0.1 oC + 0.2 oC = 120.9 oC + 0.2 % - 0.08 %

the measurement is precise

error% = (176.1 oC - 120.9 oC) x 100 %/176.1 oC = 31.3 %

the measurement is not accurate

2. Given that: 1 inch is exactly 2.54 centimeters, how many cubic centimeters are in 1.000 cubic inch.

A) 16.39 cm3


B) 16.4 cm3


C) 6.102 x 10-2 cm3
D) 6.10 x 10-2 cm3

E) 6.45 cm3
The phrase "excactly" means "by definition" and thus 2.54 has an infinite number of significant figures (it is exact), while 1.000 has 4 significant figures

Thus the correct result must have also 4 significant figures, which excludes B), D) and E)

(1.000 inch)3 = (2.54 cm)3 = 16.39 cm3
3. A drop of mercury weighs 5.0 μg. The density of liquid mercury is 13.6 g/mL. If the mer​cury drop is totally spherical, what radius will that drop have? Recall that the volume of a sphere is

(4/3) x πr3 where r is the radius of the sphere.

A) 4.4 x 10-5 m

B) 8.9 x 10-5 m

C) 2.7 x 10-5 m

D) 9.1 x 10-10 m

E) 1.8 x 10-9 m

volume V:
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4. Rutherford's experiment with α particle scattering by a gold foil established that

A) atoms do not have a diffuse cloud of positive charge

yes: the strong scattering of only a few particles indicated a dense, positive nucleus

B) electrons have a negative charge

that is correct, but was from Thomson's cathode ray experiment

C) electrons have a positive charge

that is clear nonsense

D) atoms are made of protons, neutrons, and electrons

that is correct, but no consequence of Rutherford's experiment with a gold foil

E) protons are 1840 times heavier than electrons

that is also correct, but again not from Rutherford's experiments

5. What is the formula for the ionic compound formed by aluminum and sulfite ions?

A) Al2(SO3)3

B) AlSO3

C) AlSO4
D) Al2(SO4)3

E) Al3SO4
Al is a representative metallic element and its monoatomic ion is Al3+ (main group IIIa, 3 steps to the next smaller noble gas).

Sulfite is SO32- (lower oxygen content), while SO42- is sulfate (higher oxygen content).

Charge neutrality requires thus (Al3+)2(SO32-)3 = Al2(SO3)3 for aluminum sulfite giving 6 positive and 6 negative charges.

6. What is the correct name of the formula MnO?

A) Manganese (II) oxide

B) Manganese (I) oxide

C) Manganese oxide


D) Manganese (III) oxide 

E) Manganese monoxide

O2- (main group VIa, 2 steps to the next larger noble gas): oxide ion

Mn is a transition metal and can form more than 1 cation. It must be Mn2+ for charge neutrality of MnO. A type II binary ionic compound must have the charge number of the cation in roman numerals in brackets after the cationic element: Manganese (II) oxide

7. A complete combustion of octane produces 8 liters of carbon dioxide for every 9 liters of water vapor. The ratio of carbon atoms to hydrogen atoms in a molecule of octane is:

A) 4:9

B) 4:1


C) 9:4

D) 8:9

E) 7:4

Avogadro's law: at the same P and T equal volumes of gases contain equal numbers of particles.

In combustion every C atom gives a CO2 molecule, every 2 hydrogen atoms give a H2O molecule:

8 L CO2 / 9 L H2O = 8 CO2 / 9 H2O = 8 C / 18 H = 4 C / 9 H

ratio: 4:9

8. A cation of element X forms an ionic compound with bromine, having the formula XBr2. If the ion of element X has a mass number of 230 and 86 electrons, how many neutrons does the element X have?

A) 142

B) 157

C) 194

D) 189

E) 174

Br: representative group VIIa (halogen), needs 1 step to the next larger noble gas and thus its monoatomic anion is Br-.

So the formula XBr2 contains 2 negative charges from Br, and thus X must have 2 positive charges for charge neutrality: X2+
So X2+ must have 2 positive protons more than it has negative electrons: p = 86 + 2 = 88

Since mass number 230 = n + p, the number of neutrons is n = 230 - 88 = 142

9. Calculate the number of chlorine atoms in 2.000 g of solid BaCl2 x 2H2O.

A) 9.862 x 1021

B) 4.931 x 1021
C) 1.161 x 1022

D) 5.807 x 1021
E) 1.638 x 10-2
molar mass, MM, of the compound:
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number of moles, n, of the compound:
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number of moles, nCl, of chlorine atoms in the 2.000 g:
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number of chlorine atoms, NCl, in the 2.000 g:
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10. Combustion of 1.000 g of an organic compound gave 3.348 g of carbon dioxide. What is the mass percentage of carbon in the compound?

A) 91.36 %

B) 12.01 %

C) 26.72 %

D) 86.74 %

E) 52.55 %

number of moles, nCO2, of CO2 produced, equal to the number of moles of C, nC in the com​pound:
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6
mass of carbon, mC, in the 1.000 g compound:



[image: image7.wmf]g

 

0.913644

 

=

 

mol

g

 

12.01

 

 

mol

 

0.0760736

 

=

 

m

C

·


7
mass percentage of carbon, %C, in the 1.000 g compound:
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11. A compound that contains only C, H, and N, has the following composition by mass: 58.82 % carbon and 13.73 % hydrogen. Determine the empirical formula for the compound.

A) C5N2H14

B) C4N2H

C) C5NH7
D) C4NH10

B) C5N2H10
We assume a sample of exactly 100 g of the compound, so that the percentages are directly equal to the masses in the 100 g sample (the mass of N is the difference 100 g - mC - mH):
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9
the mole numbers are the indices in the empirical formula. To get integers, we try to divide all of them by the smallest one, 1.95931 mol:
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In the index at C is obviously a factor 1/2 included, so we multiply the whole formula by 2 and round to obtain the empirical formula:
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12. For the reaction:

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

For every mole of Ba3(PO4)2 produced, this many moles of water are also produced,

A) 6

B) 1

C) 2

D) 4

E) 8

First the neutralization reaction equation must be balanced:

H3PO4 has 3 protons, H+, and thus needs 3 hydroxide ions, OH-, to neutralize all of them to 3 H2O(l). 

For 3 OH- ions, 3/2 Ba(OH)2 are needed

Thus there are 3/2 Ba2+ ions and 1 PO43- ions. These can form 1/2 neutral Ba3(PO4)2:

_1_ H3PO4(aq) + _3/2_ Ba(OH)2(aq) ( _3_ H2O(l) + _1/2_ Ba3(PO4)2(aq)

In a balanced equation all stoichiometric coefficient must form the smallest possible set of integer numbers, and thus the above equation must be multiplied by 2:

_2_ H3PO4(aq) + _3_ Ba(OH)2(aq) ( _6_ H2O(l) + _1_ Ba3(PO4)2(aq)

Thus, when 1 mol Ba3(PO4)2 is formed, 6 mol H2O are also produced.

13. If 8.00 g of NaI are produced from a mixture of 10.0 g I2 and 10.0 g NaOH, what is the percent yield?

3 I2(s) + 6 NaOH(s) ( 5 NaI(s) + NaIO3(s) + 3H2O(l)

A) 81.3 %

B) 19.5 %

C) 25.6 %

D) 40.6 %

E) 52.4 %

10 g I2 mixed with 10 g NaOH, thus a limiting reactant calculation is needed to get the theoretical yield from the limiting reactant.

1. reactant: number of moles of I2:
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12
multiplication with the corresponding unit factor from the equation gives how much NaI would be produced if all I2 could react:
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2. reactant: number of moles of NaOH:
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14
multiplication with the corresponding unit factor from the equation gives how much NaI would be produced if all NaOH could react:
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15
The smaller amount of product NaI can be produced by I2 and thus I2 is the limiting reactant.

Thus the theoretical yield of NaI in g must be calculated from the I2 result:
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16
The percent yield is thus [(given actual yield NaI (8.00 g))/(theoretical yield NaI (9.84 g)] x 100 %: 
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14. In the following reaction, how many moles of O2 are required to produce 0.86 g of CuO?

2 Cu(s) + O2(g) ( 2 CuO(s)

A) 5.4 x 10-3

B) 1.1 x 10-2

C) 4.3 x 10-1
D) 1.9 x 102

E) 2.6 x 101
First we need the molar mass of CuO:
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18
The required mass of CuO divided by its molar mass gives the required number of moles of CuO, which multiplied by the corresponding unit factor from the reaction equation gives the number of moles of O2 needed to produce the required CuO:
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15. Which of the following is a strong electro​lyte solution?

A) KMnO4(aq)

KMnO4 is a normal salt, and thus this is a strong electrolyte solution

B) C2H5OH(aq)

This is a dissolved polar molecule (an alcohol) and thus it is a non-electrolyte solution

C) NH3(aq)

This is a weak base solution and thus a weak electrolyte solution

D) HCH3CO2(aq)

This is a weak acid (acetic acid) solution, and thus a weak electrolyte solution

E) C12H22O11(aq)

This is a dissolved polar molecule (a sugar) and thus it is a non-electrolyte solution

16. Calculate the sodium ion (Na+) concentration when 70.0 mL of 3.0 M sodium carbonate (Na2CO3) is added to 30.0 mL of 1.0 M sodium bicarbonate (NaHCO3).

A) 4.5 M

B) 0.136 M

C) 0.817 M



D) 2.4 M

E) 0.050 M

Sodium carbonate has 2 Na+ ions per formula unit, while sodium bicarbonate has 1 Na+ ion per formula unit. Thus the number of moles of Na+ in the combined solution, nNa+, is:
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20
The volume of the combined solution is (70.0 + 30.0) mL = 100.0 mL = 0.1000 L. Thus the molarity of Na+ is:
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17. When 10.51 mL of a 0.0100 M solution of Ag2SO4 is mixed with an excess of a 0.0200 M solution of NaCl, how many gram precipitation will be obtained?

A) 0.0301 g AgCl(s)

B) 0.0149 g Na2SO4(s)

C) 0.0299 g Na2SO4(s)

D) 0.0151 g AgCl(s)

E) 0.0328 g Ag2SO4(s)

choices B), C), and E) are excluded because both Na2SO4 and Ag2SO4 are soluble and cannot be the precipitation, while AgCl is insoluble.

molecular equation: Ag2SO4(aq) + 2 NaCl(aq) ( 2 AgCl(s) + Na2SO4(aq)

net ionic equation: Ag+(aq) + Cl-(aq) ( AgCl(s)

Thus the number of moles of Ag+ ions, nAg+, being equal to the number of moles of AgCl, nAgCl precipitated, and its mass, are:
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18. 50.00 mL of an aqueous solution of sulfuric acid, H2SO4(aq), is neutralized completely with 23.78 mL of an aqueous 0.1500 M solution of potassium hydroxide, KOH(aq). What was the concentration of the original sulfuric acid solution?

A) 0.03567 M

B) 0.1500 M

C) 7.134 x 10-5 M

D) 0.07134 M

E) 3.567 x 10-5 M

The number of moles of KOH used in the titration was:



[image: image23.wmf]mol

 

10

 

 

3.567

 

=

 

L

mol

 

0.1500

 

 

L

 

0.02378

 

=

 

n

3

-

KOH

·

·


23
The balanced molecular equation is:

H2SO4(aq) + 2 KOH(aq) ( 2 H2O(l) + K2SO4(aq)

This gives the unit factor to calculate the number of moles of H2SO4 in the original solution:
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24
With the volume of the original solution its molarity is:
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19. What is the oxidation number of chromium, Cr, in the dichromate ion, Cr2O72-?

A) +6

B) +5

C) +4



D) +3

E) +2

in an oxo-anion the oxidation number of each oxygen atom is -2. The unknown one of Cr we call o. The rule is, that the sum of all oxidation numbers must be equal to the total charge (-2):

2 x o - 2 x 7 = -2; 2o = -2 + 14 = 12; o = +12/2 = +6

20. When the following oxidation-reduction reaction is balanced in acidic medium,

MnO4-(aq) + I-(aq) ( Mn2+(aq) + IO3-(aq)

what will be the coefficient of water?

A) 9

B) 15

C) 24

D) 4

E) 3

In oxo-anions like permanganate or iodate the oxidation number is always -2 for each oxygen atom.

The oxidation number of manganese, p, is p - 8 = -1, p = +7 in MnO4- and +2 in the mono​atom​ic cation. So the reduction (decrease in oxidation number) is from permanganate to Mn2+:

MnO4- ( Mn2+
to balance the 4 oxygen atoms on the left, we add 8 H+ on the left and 4 H2O on the right:

MnO4- + 8 H+ ( Mn2+ + 4 H2O

Now the charge is +7 on the left and +2 on the right, so we must add 5 e- on the left to balance the charge (decrease by 5 in the oxidation number of Mn means also 5 electrons must be on the left):

MnO4- + 8 H+ + 5 e- ( Mn2+ + 4 H2O
reduction

The oxidation number of iodine, q, is q - 6 = -1, q = +5 in iodate, IO3-, and -1 in the mono​atom​ic iodide anion, I-. So the oxidation (increase in oxidation number) is from iodide, I-, to iodate, IO3-:

I- ( IO3-
to balance the 3 oxygen atoms on the right, we add 3 H2O on the left (to give the 3 oxygen atoms) and 6 H+ ions on the right:

I- + 3 H2O ( IO3- + 6 H+
Now the charge is -1 on the left and +5 on the right, so we must add 6 e- on the right to balance the charge (increase by 6 in the oxidation number of I means also 6 electrons must be on the right):

I- + 3 H2O ( IO3- + 6 H+ + 6 e-

oxidation

We have 5 electrons in the reduction and 6 electrons in the oxidation.

To cancel the electrons, we must take 6 x reduction + 5 x oxidation, which gives 5 x 6 = 30 e- on both sides, which can be subtracted:

6 MnO4- + 48 H+ + 5 I- + 15 H2O  ( 6 Mn2+ + 24 H2O + 5 IO3- + 30 H+ 

Now we can subtract 30 H+ and 15 H2O on both sides, which gives the final redox equation:

6 MnO4-(aq) + 18 H+(aq) + 5 I-(aq)  ( 6 Mn2+(aq) + 9 H2O(l) + 5 IO3-(aq)               redox

Because some stoichiometric factors are even, some are odd this is the smallest possible set of integer numbers to balance the equation. Also nothing appears unchanged on both sides, so nothing can be subtracted anymore.

The coefficient of water is thus 9.
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