Chap. 1-4, 1st Major Exam of Term 041 (2004), 000 version, all correct answers are APRIVATE 

1.
Which of the following statements is TRUE about precision and accuracy?


A.
An accurate measurement is a precise measurement with no systematic error.

Precise: all values near the average value. Accurate: average value near the true value.

Thus precise without systematic error is accurate.


B.
Precise measurements always give accurate results.

Only if they have no systematic errors.


C.
An accurate measurement is a measurement with a systematic error and a small random error.

Exactly wrong: a systematic error gives a wrong result.


D.
An accurate measurement has large random errors.

Can be, but must not be, if the average value is the true value.


E.
A precise measurement is a measurement with a large random error and no systematic error.

Wrong: the large random error gives values that can be far away from the average value.

2.
What is the result of the following percentage calculation, to the correct number of significant figures?
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A.
0.816 %

B.
0.8 %

C.
0.813265 %


D.
8.20 x 10-1 %

E.
8 x 10-3 %

First we cancel 102: (9.8750 x 102 - 9.795 x 102)/9.80 x 102 x 100 %

= 100 % x (9.8750 - 9.795) x 102/9.80 x 102 = 100 % x (9.8750 - 9.795)/9.80

In the difference 9.8750 has 4 significant digits after the point, while 9.795 has 3 and thus the result is 0.0800 with 3 significant digits (leading 0-s are insignificant).

Thus we have 100 % x 0.0800/9.80 = 100 % x 8.16 x 10-3 with 3 significant figures, thus the result is 0.816% with 3 significant figures, also when we do the rounding at the end as it must be.

3.
A copper cube has a mass of 3.20 x 10-2 kg. What is the length of its edge, if the density of copper is 8.96 g/cm3?


A.
15.3 mm

B.
3.57 cm
C.
3.57 x 10-3 cm


D.
0.153 cm

E.
3.57 x 103 mm



[image: image2.wmf]r

r

r

m

 

 

=

 

a

  

;

 

m

 

=

 

a

  

;

 

a

 

=

 

V

  

;

 

V

m

 

=

 

3

3

3


2


[image: image3.wmf]mm

 

15.3

 

=

 

cm

 

1.53

 

=

 

cm

kg

 

10

 

 

8.96

kg

 

10

 

 

3.20

 

 

=

 

a

3

3

-

-2

3

·

·


3
4.
Which of the following statements is FALSE?


A.
A chemical compound may not always contain the same elements in the same proportion.

A compound ALWAYS contains the same elements in the same proportion (law of definite proportions).


B.
In a chemical reaction, the masses of the reactants equals the masses of the products.

ALWAYS true.


C.
Atoms of different elements have different properties.

ALWAYS true.


D.
All atoms of a given element show the same chemical properties.

ALWAYS true.


E.
In compounds AB2 and AB3 the masses of B that combine with 1 g of A are in a ratio of small whole numbers.

Law of multiple proportions, ALWAYS true.

5.
Which of the following is NOT a conclusion of Rutherford's alpha-particle scattering experiment?


A.
The nucleus of an atom contains neutrons and protons.

Rutherford's scattering experiment tells nothing about the particles in a nucleus.


B.
Most of the mass of an atom is concentrated in the nucleus.

That is exactly the outcome.

C.
The atom is mostly empty space.

Same as B.


D.
The nucleus is positively charged.

Yes, because the positive alpha-particles are repelled by the nucleus.


E.
The electrons of an atom are outside its nucleus.

When the nucleus is positive (D) then the negative electrons must be outside.

6.
A reaction between 2 L of nitrogen gas (N2) and 3 L of oxygen gas (O2) yields 2 L of a gaseous product. All gas volumes are at the same temperature and pressure. What is the formula of the gaseous product?


A.
N2O3

B.
NO

C.
NO2

D.
NO3

E.
N2O

Avogadro: at the same temperature and pressure equal volumes of gases contain equal numbers of particles.

Thus 2L N2 + 3L O2 ( 2L X, or in atoms 4 N + 6 O ( 2 X

Thus X = (N4O6)/2 = N2O3
7.
The ion 55Fe2+ contains


A.
26 protons, 29 neutrons and 24 electrons


B.
23 protons, 32 neutrons and 21 electrons


C.
23 protons, 32 neutrons and 23 electrons


D.
26 protons, 24 neutrons and 24 electrons


E.
26 protons, 29 neutrons and 28 electrons

n + p = 55; periodic table: Fe is atomic number 26 and thus p = 26

n = 55 - p = 55 - 26 = 29

The ion is 2+, thus there must be 2 negative electrons less than positive protons:

e = 26 - 2 = 24

8.
The density of water is 1.00 g/mL at 4.0 oC. How many water molecules are present in 2.56 mL of water at that temperature?


A.
8.56 x 1022

B.
6.02 x 1023
C.
1.52 x 1020

D.
5.11 x 1015

E.
2.56 x 1010
d = m/V; m = dV = 1.00 g/mL x 2.56 mL = 2.56 g

MM(H2O) = (2 x 1.008 + 16.00) g/mol = 18.016 g/mol

n = m/MM = 2.56 g / 18.016 g/mol = 0.1421 mol

N = n x NA = 0.1421 mol x 6.022 x 1023 mol-1 = 8.56 x 1022
9.
All of the substances listed below are fertilizers that contribute nitrogen to the soil. In which of the following compounds is the percentage of nitrogen by mass highest?


A.
Ammonia, NH3
MM(NH3) = (2 x 1.008 + 14.00) g/mol = 17.02 g/mol
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B.
Ammonium nitrate, NH4NO3
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C.
Ammonium carbonate, (NH4)2CO3
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D.
Guanidine, HNC(NH2)2
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E.
Urea, (NH2)2CO
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10.
The elemental analysis of an acid shows that it contains 2.1 % H, 65.3 % O, and 32.6 % S by mass. The acid is


A.
Sulphuric acid, H2SO4

B.
Sulphurous acid, H2SO3

C.
Hyposulphurous acid, H2SO2
D.
Persulphuric acid, H2SO5

E.
Dihydrogen sulphide, H2S

In a sample of 100 g acid, there are 2.1 g H, 65.3 g O, and 32.6 g S. Thus
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11.
Which of the following names for Ca3N2 is most correct?


A.
Calcium nitride

B.
Tricalcium dinitrogen


C.
Calcium (III) nitrogen
D.
Calcium nitrate


E.
Calcium (III) nitrite

N3- is a monoatomic anion of nitrogen, thus nitride

Ca2+ is a monoatomic cation of calcium and calcium is a representative element with only 1 type of charge.

Since it is metal + non-metal it is a binary ionic compund of type I: calcium nitride

B. would mean it is covalent what is not the case. Nitrate (NO3-) or nitrite (NO2-) are not there, and III would mean, that calcium would have 3 positive charges, but can have only 2.

12.
Urea, N2H4CO is prepared by reacting ammonia with carbon dioxide:


2 NH3(g) + CO2(g) ( N2H4CO(aq) + H2O(l)


In one process, 637.2 g of ammonia are allowed to react with 1142 g of carbon dioxide. Calculate the maximum mass of urea that can be produced in this process.


A.
1123 g

B.
1558 g

C.
5190 g


D.
374.2 g

E.
1237 g

Limiting reactant calculation.

MM(urea) = (2 x 14.00 + 4 x 1.008 + 12.01 + 16.00) g/mol = 60.04 g/mol

1. Reactant, NH3 if all can react:
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mass of urea, produced if all NH3 can react:
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2. Reactant, CO2 if all can react:
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mass of urea, produced if all CO2 can react:
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13
NH3, which can produce less urea than CO2, is the limiting reactant. Thus all NH3 can react, some CO2 is left over, and a maximum of 1123 g of urea can be produced if there are no side reactions.

13.
How many of the following salts are expected to be insoluble in water?


sodium sulfide, barium nitrate, ammonium sulfate, potassium phosphate, barium sulfate?


A.
1 salt

B.
2 salts

C. 3 salts


D.
4 salts

E.
all 5 salts

We learned from the solubility table that all group I (here sodium and potassium) and all ammonium salts are soluble and that also all nitrates are soluble.

So only barium sulfate is insoluble in water.

14.
The complete ionic equation for the reaction of aqueous sodium hydroxide with aqueous nitric acid is:


A.
Na+ + OH- + H+ + NO3- ( Na+ + NO3- + H2O


B.
2 Na+ + 2 OH- + 2 H+ + NO32- ( 2 Na+ + NO32- + 2 H2O


C.
Na+ + OH- + H+ + NO3- ( NaNO3 + H2O


D.
Na+ + OH- + H+ + NO3- ( NaOH+ + H+ + NO3-

E.
Na+ + NO3- ( NaNO3
This is a neutralization reaction, i.e. H+ and OH- form water and NaNO3 stays in solution, as given in A.

B is nonsense, there is no NO32-, C is not a complete ionic equation, because NaNO3 is soluble and thus dissociated, D is nonsense, because a NaOH+ does not exist, it also violates the charge balance and finally E is no neutralization, but suggests that NaNO3 precipitates, what is not true and also it is not complete.

15.
The following redox reaction must be balanced using simplest whole number coef​fi​ci​ents:


H2C2O4 + MnO4- ( Mn2+ + CO2    (acidic solution)

            The coefficient of H+ in the balanced equation is:


A.
6
B.
4
C.
5
D.
7
E.
8

The reduction is from MnO4- with an oxidation number of Mn from o-8=-1, o=+7, to an oxidation number of Mn of +2 in Mn2+

MnO4- ( Mn2+
to balance the 4 O atoms on the left we add 8H+ (acidic solution) on the left and form 4H2O on the right:


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

Now the material balance is ok, but the charge balance not:

We have a charge of +7 on the left and one of +2 on the right. This can be balanced by adding 5 negativeley charged electrons on the left. Finally:

Reduction:

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

Now the charge is +2 on both sides.

The oxidation number, p, of carbon (C) in H2C2O4 is obtained by 

+1 x 2 + p x 2 - 2 x 4 = 0 and thus -6 + 2p = 0 and p = +3. 

Thus the oxidation number of carbon in H2C2O4 is +3 and it gets oxidized to the oxidation number +4 in CO2:


H2C2O4 ( CO2
Oxygen and carbon are balanced by the formation of 2 CO2 instead of 1 CO2:


H2C2O4 ( 2CO2
The 2 hydrogens on the left must show up as 2H+ on the right (acidic solution):


H2C2O4 ( 2CO2 + 2H+
Now the material balance is ok, but the charge balance is not: 0 charge on the left, but a charge of 2+ on the right. This can be balanced by adding 2e- on the right. Finally:

Oxidation:
H2C2O4 ( 2CO2 + 2H+ + 2e-
To cancel out the electrons we must form the final redox equation as

redox = reduction x 2 + oxidation x 5


2MnO4- + 16H+ + 10e- + 5H2C2O4 ( 2Mn2+ + 8H2O +  10CO2 + 10H+ + 10e-
Thus the 10 e- and 10 of the H+ ions can be cancelled:

final redox equation:


2MnO4- + 6H+ + 5H2C2O4 ( 2Mn2+ + 8H2O +  10CO2
This is the simplest set of integers possible, because division by 2 would give factors like 2.5.

The factor at H+ is thus 6.

16.
A student weighs out 0.568 g of potassium hydrogen phthalate (KHC8H4O4, KHP) and titrates to the stoichiometric (equivalence) point with 36.78 mL of his NaOH stock solution. What is the concentration of the NaOH stock solution? KHP (molar mass MM = 204.22 g/mol) has one acidic hydrogen.


A.
0.0756 M
B.
0.102 M
C.
0.943 M


D.
0.315 M
E.
0.0378 M

1 mol NaOH neutralizes 1 mol of KHP in the titration.
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at the end point nH+ = nOH- and thus (volume of NaOH solution: 36.78 x 10-3 L):
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17.
When 8.0 g of solid potassium chlorate (KClO3) are completely decomposed by heating to solid potassium chloride (KCl) and oxygen, the number of moles of oxygen gas (O2) produced is


A.
12 moles
B.
3.0 moles
C.
6.0 moles


D.
8.0 moles
E.
4.0 moles

Reaction equation:

2 KClO3 ( 2 KCl + 3 O2
Since 8.0 mol of KClO3 is decomposed, we multiply by 4 and get

8 KClO3 ( 8 KCl + 12 O2
Thus the decomposition of 8.0 moles of KClO3 produces 12 moles of O2.

18.
On heating, silver (Ag) and sulfur (S) react according to the equation


16 Ag(s) + S8(s) ( 8 Ag2S(s)


What is the percent yield of a reaction in which 2.00 g silver react with excess sulfur to produce 1.72 g of silver sulfide, Ag2S?


A.
74.9 %
B.
86.1 %
C.
19.2 %


D.
26.9 %
E.
80.3 %

The actual yield is given as 1.72 g silver sulfide. For the theoretical yield we first need the number of moles of silver (limiting reactant, because sulfur is in excess):
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From the equation we know that 16 mol Ag produce 8 mol silver sulfide, or the number of moles of silver sulfide produced is 1/2 the number of moles of silver reacted, and thus the theoretical yield of silver sulfide is 9.2706 x 10-3 mol (0.5 x nAg).

Thus the theoretical yield of silver sulfide in terms of mass, m, is
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17
Then the percent yield is
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19.
The mass of K2CO3 needed to prepare 2.00 L of a 0.0970 M solution of K2CO3 is:


A.
26.8 g
B.
19.2 g
C.
13.0 g


D.
20.6 g
E.
24.5 g

The number of moles needed is obtained from the volume and the molarity:
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That gives the mass of K2CO3 needed:
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20.
How many mL of distilled water must be added to 10.0 mL of a 2.00 M Na2CO3 solution to bring its concentration to 0.100 M?


A.
190. mL
B.
180. mL
C.
200. mL


D.
100. mL
E.
90.0 mL

The dilution law (i for finitial, f for final) tells that MfVf = MiVi = n(Na2CO3) because the number of moles of solute does not change in the dilution process (adding solvent).

ΔV is the volume of water that has to be added, and thus Vf = Vi + ΔV:
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Chap. 5, 000-version of 2nd Major Exam, Term 042 (2005), correct choice: always A

1.
Calculate the root mean square speed for the molecules in a sample of N2 gas at 25.0 oC.


A.
5.15 x 102 m/s


B.
51.2 x 102 m/s


C.
149. x 102 m/s


D.
2.66 x 102 m/s


E.
16.3 x 102 m/s

Average atomic weight of N: 14.01 g/mol, MM(N2) = 28.02 g/mol = 28.02 x 10-3 kg/mol 

(needed, because J contains kg, not g). Equation for urms:
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2.
A 500. mL flask containing a gas was connected to one arm of a mercury mano​meter. The other arm of the manometer was open to an atmospheric pressure of 754. mmHg. If the mercury in the arm connected to the flask was higher than in the arm connected to the atmosphere by 21.2 mm, calculate the pressure in the flask (1 atm = 760 mmHg).


A.
0.964 atm

B.
0.992 atm

C.
1.00 atm


D.
1.02 atm

E.
1.06 atm

Since the mercury in the arm open to the flask is higher than in the arm open to the atmos​phere, the pressure in the flask is lower than that of the atmosphere.

Thus: P = (754. - 21.2) mmHg x (1 atm/760 mmHg) = 0.964 atm

3.
A sample of 18.16 g propane gas (C3H8) was mixed with excess oxygen gas and then ignited to form carbon dioxide and water. Calculate the volume of CO2 produced at a pressure of 8.00 atm and a temperature of 2.20 o. Assume ideal gas behavior.


A.
3.49 L

B.
0.162 L 

C.
0.287 L


D.
0.326 L
E.
1.16 L

Reaction equation: C3H8(g) + 5 O2 (g, excess) ( 3 CO2(g) + 4 H2O(l)

MM(C3H8) = (3 x 12.01 + 8 x 1.008) g/mol = 44.11 g/mol, T = (273.25 + 2.20) K 

Thus:
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23
Then the ideal gas equation gives
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4.
For an ideal gas, which variables are INVERSELY proportional to each other (if all other conditions remain constant)?

Ideal gas equation (to be memorized): PV = nRT, and thus


A. V, P: V = nRT/P; V inversely proportional to P


B. P, T: P = nRT/V; P directly proportional to T


C. V, T: V = nRT/P; V directly proportional to T


D. n, V: n = PV/RT; n directly proportional to V


E. n, P: n = PV/RT; n directly proportional to P if all others constant.

5.
The partial pressure of CH4(g) is 0.175 atm and that of O2(g) is 0.250 atm in a mixture of the two gases. If the mixture occupies a volume of 10.5 L at 65.0 oC, how many moles of gas are present in the mixture?


A.
0.161 mol

B.
0.182 mol

C.
0.275 mol


D.
0.388 mol

E.
0.401 mol
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Chap. 5, 014-version of 2nd Major Exam, Term 002 (2001), correct choice: not always A

6.
How far would an UF6 molecule travel in one minute if it does not collide with other molecules or the container wall at 100 oC?


A.
308 m


B.
30.6 m

C.
15.1 km


D.
163 m


E.
9.76 km
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26
T = (273.15 + 100) K = 373.15 K, molar mass in kg/mol, because J containes kg
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distance: x = 162.6 m/s x 60 s = 9756 m = 9.76 km, thus answer E is correct.

7.
The mole fraction of He gas in a mixture of 5.0 L of O2 gas and 20. L of He gas at 20 oC and 1 atm is


A.
0.75


B.
0.25


C.
0.80


D.
0.50


E.
0.20

The number of moles, n, in a gas is n=PV/RT, where ideal gases in a mixture behave like PV=nRT hold for each one separately, T = 293.15 K. Thus
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Then the mole fraction of He is
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Thus answer C is correct.

8.
A balloon contains initially 22.4 L of a gas at 0.00 oC and 1.00 atm. What is the number of moles of the gas to be added into the balloon to inflate it to a volume of 60.0 L at 0.00 oC and a pressure of 1.50 atm?


A.
4.36 mol

B.
1.68 mol

C.
2.68 mol


D.
4.02 mol

E.
3.02 mol

There are no changes in T = 273.15 K. From PV=nRT we have PiVi/ni = PfVf/nf = RT, where i denotes initial and f denotes final. Thus the number of moles in the final state is



[image: image31.wmf]V

P

V

P

 

 

n

 

=

 

n

i

i

f

f

i

f

·


31
Since 22.4 L is the molar volume of an ideal gas at STP (0.00 oC, 1.00 atm) we have ni = 1.00 mol:
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Thus the number of moles to be added is Δn = nf - ni = (4.02 - 1.00) mol = 3.02 mol

The correct answer is E.

9.
Given 100 L of O2 gas at


I.
1 atm and 20 oC


II.
500 atm and 20 oC


III.
500 atm and 30 oC


IV.
1 atm and 30 oC


Under which conditions will it have the least ideal behavior?


A.
I only

B.
III only
C.
I and IV


D.
IV only
E.
II only

A gas behaves most ideal at high T and low P, and thus least ideal at low T and high P.

Highest P and lowest T is condition II and thus E is correct.

10.
Given the reaction


CH4(g) + 2 O2(g) ( CO2(g) + 2 H2O(g)


how many L of CO2(g) are produced at 400 oC and 0.50 atm when 50 L of CH4(g) are reacted with 200 L of O2(g) at the same temperature and pressure?


A.
125 L

B.
67.5 L
C.
50. L


D.
200. L
            E.
480. L

The ideal gas equation gives the numbers of moles of each gas:
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Limiting reactant calculation: 1. if all CH4 could react:
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and 2. if all O2 could react:
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Thus CH4, with the smaller amount of CO2 produced, if all could react, is the limting reactant and thus 0.4527 mol CO2 is produced, all CH4 reacts and some O2 is left over.

The ideal gas equation gives the volume of CO2 produced:
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Thus C is the correct answer.
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