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
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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.

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.

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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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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1. When 1 mol of H2O(l), having a volume of 18.1 mL at 100 oC, is evaporated to H2O(vap) at 100 oC and 1.00 atm to a volume of 30.6 L, calculate the work, w, for this process.


A.
-3.10 kJ

B.
3.10 kJ

C.
-30.6 kJ


D.
30.6 kJ

E.
30.6 L atm

Work w, associated with pressure volume work at constant pressure is w = -PΔV

Thus  w = -P(Vf - Vi) = -1.00 atm (30.6 L - 18.1 x 10-3L)

= -30.58 L atm = -30.58 L atm x 101.325 J/(1 L/atm)

= -3099 J = -3.10 kJ

2. In a coffee cup calorimeter, 1.60 g of NH4NO3 is mixed with 75.0 g of water at an initial temperature of 25.00 oC. After the dissolution of the salt, the final temperature of the calorimeter contents is 23.34 oC. Assuming that the solution has a specific heat of  4.18 J/(oC g) and assuming the heat loss to the calorimeter to be zero, calculate the molar enthalpy change for the dissolution of NH4NO3.


A.
26.6 kJ/mol

B.
-26.6 kJ/mol



        C.
333 J/mol             
D.
-333 J/mol



   E.
    325 J/mol

The heat used for changing the temperature of the solution is qP:

qP = m(solution) x s x (Tf - Ti) 

= [m(NH4NO3) + m(water)] x s x (Tf - Ti)

= (1.60 + 75.0) g x 4.18 J/(oC g) x (23.34 - 25.00) oC

= -531.5 J

This is the energy loss of the solution because of the dissolution process. Thus the enthalpy change of the system (the dissolving salt) is ΔH = -qP/n, n being the number of moles of the salt that was dissolved.

molar mass of NH4NO3:

MM = (2 x 14.01 + 4 x 1.008 + 3 x 16.00) g/mol 

= 80.05 g/mol

n = 1.60 g /(80.05 g/mol) = 0.01999 mol

ΔH = -qP/n = 531.5 J/ 0.01999 mol = 26592 J/mol 

= 26.6 J/mol 

3 figures in m(solution), 4 figures in ΔT, thus result must have 3 figures.

3. Given the thermochemical equation

2 Cu2O(s) + O2(g) ( 4 CuO(s)

ΔHo = -292.0 kJ

and that the standard heat of formation of CuO(s) is 

-157.3 kJ/mol, determine the standard heat of formation of Cu2O(s).


A.
-168.6 kJ/mol

B.
337.2 kJ/mol


C.
-134.7 kJ/mol

D.
134.7 kJ/mol


E.
449.3 kJ/mol

We know that ΔfHo[O2(g)] = 0, because it is the most stable form of an element in the standard state.

Further we know

ΔHo = 4 mol x ΔfHo[CuO(s)] - 2 mol x ΔfHo[Cu2O(s)]

ΔfHo[Cu2O(s)] = 2 x ΔfHo[CuO(s)] - 1/2 mol-1 x ΔHo
= [-2 x 157.3 - 1/2 x (-292.0)] kJ/mol

= -168.6 kJ/mol

20. A 175 g piece of brass at an initial temperature of 152 oC is dropped into an insulated container with 138 g of water  initially at 23.7 oC. What will be the final temperature of the brass-water mixture? (specific heats of water: s2 = 4.18 J/(oC g) and of brass: s1 = 0.385 J/(oC g))


A.
24.5 oC
B.
37.1 oC
C.
45.3 oC


D.
26.7 oC
E.
33.4 oC

The hotter brass gives heat to the water.

In equilibrium both must have the same final temperature, Tf.

The heat given off by the brass (1) must be the same as the heat taken up by the water (2):
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9
They start from different initial temperatures Ti(1) and Ti(2):
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For brass (1) Ti(1) is larger than Tf and for water Tf is larger than Ti(2).
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11
The equation can be solved for Tf:
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Thus we can calculate TfPRIVATE 
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25. Pentaborane, B5H9(s) burns vigorously in the presence of oxygen to give B2O3(s) and H2O(l) (combustion).

Given the following standard heats (enthalpies) of formation:

ΔfHo[B2O3(s)] = -1273.5 kJ/mol, 

ΔfHo[B5H9(s)] = +73.2 kJ/mol, 

and ΔfHo[H2O(l)] = -285.8 kJ/mol

calculate the standard enthalpy change for the combustion of 1 mol B5H9(s).


A.
-4.5431 MJ
B.
-18.1702 MJ
C.
-1.2730 MJ


D.
-8.4480 MJ
E.
 -9.0863 MJ

1 mol B5H9(s) must give 5/2 mol B2O3(s) (5 mol boron atoms in both of them) and 9/2 mol of H2O(l) (9 mol H in both the borane and in the water). 

To balance the O, we need (3 x 5/2 + 9/2) mol O atoms = 12 mol O atoms = 6 mol O2 molecules, note that ΔfHo[O2(g)] = 0 for the element:

B5H9(s) + 6 O2(g) ( 5/2 B2O3(s) + 9/2 H2O(l)

To get ΔHo for 1 mol borane, we must take the heats of formation of all products - those of all reactants:

ΔHo = 5/2 mol x ΔfHo[B2O3(s)] + 9/2 mol x ΔfHo[H2O(l)] - 1 mol x ΔfHo[B5H9(s)]

= (-5/2 x 1273.5 - 9/2 x 285.8 - 73.2) kJ = -4543.1 kJ 

= -4.5431 MJ (choice A)

30. A gas is allowed to expand at constant temperature from a volume of 1.0 L to 10.1 L against an external pressure of 0.50 atm. If the gas absorbs 250 J of heat from the surroundings, what are the values of q, w and ΔE 

(1 L atm = 101 J)?

A.
q = +250 J, w = -460 J, ΔE = -210 J

B.
q = -250 J, w = +460 J, ΔE = +210 J 

C.
q = +250 J, w = +460 J, ΔE = +710 J

D.
q = -250 J, w = -460 J, ΔE = -710 J 

E.
q = +250 J, w = -4.55 J, ΔE = +245 J

w = - PΔV 

= - 0.50 atm x (10.1 L - 1.0 L) x 101 J /(L atm) = -460 J

The gas absorbs heat, and thus q > 0: q = +250 J

ΔE = q + w = - 210 J (choice A)
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