Solution of the 1st Major Exam, Term 061, Version 000, all correct choices are APRIVATE 

1. All of the following are properties of sodium. Which one is a physical change?

A. It is a solid at 25oC and melts at 98oC.

Since melting has no change of the chemical composition involved, this is a physical change.

B. Its surface turns black when first exposed to air.

Color change indicates a chemical reaction.

C. When placed in water a gas is formed.

Again, formation of a gas indicates a chemical reaction.

D. When placed in contact with chlorine it forms a compound that melts at 801oC.

Formation of a compound with a higher melting point than sodium indicates a chemical change.

E. In contact with the skin, it may cause deep burn.

Burn in contact with skin again indicates that a chemical reaction takes place.

2. Silver has a density of 10.5 g/cm3. What mass of silver would be required to cover a football playing surface of 120. yds x 60. yds to a depth of 1.00 mm? (1 m = 1.0936 yds)

A. 63 Mg

B. 632 x 105 kg

C. 6.32 x 106g


D. 6.3167 x 104 hg
E. 6 x 1012 Gg

The volume, V, of silver required is given by the surface area times the depth 

(1 mm = 10-3 m): 
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1
Then the mass, mAg, of silver required is given as density times volume:
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Note: A. Megagram, Mg, indicates 106 g;

B. 632 x 105 kg = 6.32 x 107 kg = 6.32 x 1010 g

C. 6.32 x 106 g is wrong by a factor of 10

D. 6.3167 x 104 hg = 6.3167 x 106 g (hectogram, hg, indicates 102 g)

E. 6 x 1012 Gg = 6 x 1021 g (Gigagram, Gg, indicates 109 g)

3. Perform the following mathematical operation to the correct number of significant figures.
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A. 3 x 108

B. 2.51 x 108

C. 2.5 x 108

D. 0.25 x 109
E. 0.3 x 108 

First step: type the numbers in without any rounding to get the correct result (keep more figures than needed). That gives 0.251 x 109 = 2.51 x 108
Second step: do it stepwise with rounding in every step to get the correct number of significant figures you need.

At first the numbers in the difference and the sum must be brought to the same power of 10 (shift of the decimal point n steps to the left requires to add n to the exponent:
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4
1.146 has 3 significant digits after the point, 0.7 has 1. The smaller number counts, so the result must have 1 digit after the point.
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5
1.174 has 3 significant digits after the point, 0.3005 has 4. The smaller number counts, so the result must have 3 digits after the point.
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0.4 has 1 significant figure, 1.775 has 4, the smaller one counts so the result must have 1 significant figure.

So our previous, correct result of 2.51 x 108 must be rounded to 1 signigficant figure, thus 3 x 108 is the correct choice.

4. A reaction of 1 liter N2 gas with 2 liters of O2 gas yields 1 liter of a gaseous product. What is the formula of the product if all volumes are at the same temperature and pressure?

A. N2O4
B. NO2
C. NO
D. N2O5
E. N2O3
In the exams because of an error in the program there were 2 choices identical as N2O5. However, since N2O5 is wrong anyway, this is no problem.

Avogadro's law says, that at the same T and P equal volumes of gases contain equal numbers of molecules.

Thus, assuming that 1 L N2 contains n molecules N2, then 2 L O2 must contain 2n O2 molecules and 1 L product must contain n product molecules:

n N2 molecules and thus 2n N atoms + 2n O2 molecules and thus 4n O atoms

( n product molecules which thus must be n N2O4 molecules.

5. The symbol of the element antimony is:

A. Sb correct. The symbol derives from the old latin name of antimony, Stibium.

But if you do not know it, them other 4 choices are common, well known elements which you should know. Thus look for the unknown symbol and you get A as the correct choice.

B. He: you should know that this denotes helium (from helios, Greek for the sun, because it was first found in the sun spectroscopically).

C. Na: you should know that this denotes sodium (from the German name Natrium).

D. Ag: you should know that this denotes silver (from the latin name Argentum).

D. Au: you should know that this denotes gold (from the latin name Aurum).

6. Which of the following statements is true?

A. Nonmetals tend to form anions

It was several times mentioned in class that this is true.

B. The horizontal rows of elements in the periodic table are called groups

NO: periods

C. The vertical columns of elements in the periodic table are called periods

NO: groups

D. Most of the elements are nonmetals

NO: metals

E. Elements of the first vertical column of the periodic table are called alkaline earth metals

NO: alkaline metals; alkaline earth metals are in the second column

7. The systematic name of CaSeO3 is:

A. Calcium selenite

B. Calcium selenate

C. Calcium (II) selenate

D. Calcium (II) selenite
E. Calcium selenide

C,D: Calcium, Ca, is representative group II and thus has only Ca2+ cations and thus the naming must be according to type I and not to type II

E: A selenide denotes a monoatomic anion of selenium, which would be Se2- without any oxygen.

Se is right below S in the periodic table. Thus, since SO42- is sulfate, SeO42- is selenate, 

and since SO32- is sulfite, SeO32- is selenite and A is the correct choice.

8. The chemical symbol of an ion is 60Co2+.

The numbers of neutrons and electrons for this ion are, respectively:

A. 33 and 25

B. 60 and 27

C. 60 and 25

D. 27 and 60

E. 33 and 29

The periodic table tells that the atomic number of Co is 27. Thus the number of protons in a Co nucleus is p = 27.

Since the mass number A = 60 = p + n, the number of neutrons in the nucleus is 

n = 60 - 27 = 33

Since the ion is 2+, there must be 2 negative electrons less than there are positve protons and thus the number of electrons e = p - 2 = 27 - 2 = 25 and the correct choice is A.

9. The average atomic weight of neon, Ne, is 20.18 amu (atomic mass units). Natural neon is a mixture of three isotopes, Ne(20) with a weight of 20.00 amu and an abundance of 91.0 %, Ne(21) with a weight of 21.00 amu, and Ne(22) with a weight of 22.00 amu and an abundance of 8.70 %. What is the abundance in % of Ne(21)?

A. 0.314 %

B. 31.4 %

C. 0.00314 %
D. 62.8 %

E. 0.628 %

Let us denote the weight of isotope X with AX, its fractional abundance with PX and the 

average atomic weight with A, then
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7
Multiplied by 100% this gives the percent abundance of 0.314 %

To avoid the long calculation, the clever student may realize that the sum of the 3 abundancies must be 100 % and thus
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Comparison with the choices would suggest that A is correct.

10. Glucose is a compound containing only carbon, hydrogen and oxygen. When 150.00 g of the sugar glucose are completely combusted in excess oxygen, 219.93 g of carbon dioxide and 90.033 g of water are obtained. From mass spectroscopy it is known that the molar mass of glucose is 180.10 g/mol. What is the molecular formula of glucose?

A. C6H12O6

B. C2H5O2

C. C2H5O4

D. CH3O

E. C5H14O5
First we have to calculate the molar masses, MM, and from this the number of moles, n, of CO2 and H2O, and from this the number of moles and the weight, m, of C and H in the ori​gi​nal sample:
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Now the mass of oxygen in the sample must be the sample mass minus the masses of hydrogen and carbon and thus it yields its number of moles:
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11
With the mole numbers as indices we obtain the raw formula C4.9973H9.9948O4.9942
Dividing all indices by the smallest one (4.9942) gives C1.0006H2.001O = CH2O

(The differences to the next integers are small enough to round directly). The empirical molar mass we get from the empirical formula: 

MMemp = (12.01 + 2 x 1.008 + 16.00) g/mol = 30.026 g/mol

The molecular formula must be (CH2O)n, with

n = MMreal/MMemp = 180.10/30.026 = 5.998 = 6

Thus the molecular formula is (CH2O)6 = C6H12O6 (choice A)
 

11. Calculate the percentage by mass of Na, Al, and F in sodium hexafluoro aluminate, Na3AlF6.

A. 32.85% Na, 12.85% Al, 54.30% F

B. 30.00% Na, 10.00% Al, 60.00% F

C. 33.33% Na, 39.12% Al, 27.55% F

D. 54.30% Na, 32.85% Al, 12.85% F

E. 33.33% Na, 33.33% Al, 33.33% F

First we need the molar mass of Na3AlF6:

MM(Na3AlF6) = (3 x 22.99 + 26.98 + 6 x 19.00) g/mol = 209.95 g/mol

Then the mass percentage is simply the average atomic weight of each atom times the number of atoms per formula unit times 100% divided by the molar mass:
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To check the result we add up the percentages, which must give 100%:

(32.85 + 12.85 + 54.30) % = 100.00 %

12. 100.00 g of element X that occurs in atomic form are completely oxidized to 396.16 g of liquid XCl4 in excess chlorine gas. Identify element X.

A. Ti

B. C

C. Si

D. Ge

E. Zr

The average atomic masses of the five choices from the periodic table are

A. Ti 47.88 g/mol

B. C 12.01 g/mol

C. Si 28.09 g/mol

D. Ge 72.59 g/mol

E. Zr 91.22 g/mol

The mass difference, Δm, between product XCl4 and reactant X is

Δm = m(XCl4) - m(X) = (396.16 - 100.00) g = 296.16 g

The 100 g X correpond to n mol X, thus

n X + 2n Cl2 ( n XCl4
The mass difference, Δm, can be written in terms of average atomic weights, A, and n:

Δm = n(AX + 4 ACl) - n AX = 4n ACl
This can be solved for the number of moles n of X in 100 g of X:

n = Δm/(4 ACl) = (296.16 g)/(4 x 35.45 g/mol) = 2.0885 mol

Then the average atomic weight of X, AX, is equal to 100 g over n:

AX = (100.00 g)/(2.0885 mol) = 47.88 g/mol

Of the five choices, only A, Ti, is near to that value and in the periodic table the three elements around this weight are

Sc: 44.96 g/mol

Ti: 47.88 g/mol

V: 50.94 g/mol

Thus the correct choice must be A, Ti

13. Balance the following equation using the smallest set of whole numbers, then add together all the coefficients.


SF4 + H2O ( H2SO3 + HF

The sum of the coefficients is

A. 9

B. 4

C. 6

D. 7

E. 8

SF4 contains 1 sulfur atom, S, and 4 fluorine atoms, F, per molecule.

Thus the hydrolysis of 1 SF4 molecule must result in 1 H2SO3 and 4 HF molecules.

Then we have on the right hand side of the equation 6 H atoms and 3 O atoms more than on the left hand side. This adds up to 3 H2O molecules which we must put on the left.

So the balanced equation is


1 SF4 + 3 H2O ( 1 H2SO3 + 4 HF

2 of the coefficients are equal to 1, so it is the smallest possible set of integers. Their sum is  1 + 3 + 1 + 4 = 9, choice A

14. Calculate the mass of excess reactant remaining at the end of the following reaction in which 90.0 g of SO2 are mixed with 100.0 g of O2.


2 SO2 + O2 ( 2 SO3
A. 77.5 g

B. 11.5 g

C. 22.5 g

D. 67.5 g

E. 55.0 g

We have to do a limiting reactant calculation: first we obtain the number of moles of each reactant from their masses, from this we calculate how much SO3 can be formed if each of the reactants could react completely. 

The limiting reactant is the one which forms the smallest amount of product. When this is formed, the limiting reactant is fully used and the reaction must stop.

Sulfur dioxide:
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The unit factors are from the reaction equation.

oxygen:
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Thus the limiting reactant is SO2 and when 1.4047 mol SO3 are produced the reaction is finished, because all 1.4047 mol SO2 are gone.

2 mol SO2 reacts with 1 mol O2, thus 1.4047 mol SO2 use 

(1.4047/2) mol O2 = 0.7024 mol O2
So of the initial 3.125 mol O2, 0.7024 mol O2 are used and 

(3.125 - 0.7024) mol O2 = 2.4226 mol O2 are left over (in excess). This is

2.4226 mol x 32 g O2/mol = 77.5 g O2 are left over (choice A).

15. 1.00 mL of a 3.50 x 10-4 M solution of oleic acid is diluted with 9.00 mL of ether, forming solution A. 2.00 mL of solution A is diluted with 8.00 mL of ether, forming solution B. How many grams of oleic acid are present in 5.00 ml of solution B. (Molar mass for oleic acid is 282 g/mol).

A. 9.87 x 10-6 g

B. 4.94 x 10-6 g

C. 7.00 x 10-6 g

D. 4.94 x 10-5 g

E. 1.97 x 10-6 g

Call the initial solution 0, then the dilution law when going from 0 to A tells that

M0V0 = MAVA (= noleic acid) and thus
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15
change from mL to L is not needed because the units of the volumes cancel.

Further the dilution law when going from A to B tells that

MAVA = MBVB (= noleic acid) and thus
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16
change from mL to L is again not needed because the units of the volumes cancel.

The number of moles of oleic acid in 5.00 mL B is thus

n = 7.00 x 10-6 mol/L x 5.00 x 10-3 L = 3.50 x 10-8 mol

and its mass m = 3.50 x 10-8 mol x 282 g/mol = 9.87 x 10-6 g (choice A)

16. What is the correct formula of the salt formed in the neutralization reaction of hydrochloric acid with calcium hydroxide?

A. CaCl2

B. CaO

C. CaH2

D. CaCl

E. H2O

Ca is an element in representative element group II and has only Ca2+ cations. Thus calcium hydroxide must be Ca(OH)2. Since hydrochloric acid is HCl, 2 HCl are needed to form 2 H2O molecules (NOT a salt):


2 HCl + Ca(OH)2 ( CaCl2 + H2O

Choice A

17. Determine the oxidation number of sulfur in Na2S2O3
A. +2

B. +1

C. +7

D. -2

E. -4

Na is in representative group I and thus is Na+ with oxidation number +1.

S is assigned the unknown oxidation number o.

O has, as in all oxo anions the oxidation number -2.

The sum of all oxidation numbers in the formula unit must be equal to the total charge which is 0 here. Thus:

2 x (+1) [from Na] + 2 x o [from S] + 3 x (-2) [from O] = -4 + 2o = 0

Thus 2o = +4 and the oxidation number of sulfur is  o = +2 (choice A)

18. 75.0 mL of 0.250 M hydrochloric acid is added to 225.0 mL of 0.0550 M Ba(OH)2 so​luti​on. What is the concentration of the excess H+ or OH- ions left in the resulting solution?

A. 2.0 x 10-2 M OH-

B. 2.7 x 10-2 M OH-

C. 2.1 x 10-2 M H+
D. 2.8 x 10-2 M H+

E. 1.4 x 10-2 M H+
The numbers of moles are
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17
In the reaction H+ + OH- ( H2O each H+ ion needs 1 OH- ion to react.

Thus the final number of moles of OH-, nf(OH-), is

nf(OH-) = ni(OH-) - ni(H+) = (0.02475 - 0.01875) mol OH- = 6.00 x 10-3 mol OH-
Thus the OH- concentration in the combined solutions is 
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choice A

19. When the following unbalanced equation,


CrO42-(aq) + Cl-(aq) ( Cr3+(aq) + ClO2-(aq)

is balanced with the smallest possible set of integer numbers, the coefficient of CrO42- will be (the reaction takes place in acidic medium):

A. 4

B. 3

C. 5

D. 6

E. 10

In the reduction part from chromate (Cr: +7) to Cr3+ (+3) we balance the oxygen by adding 8 H+ on the left to form 4 H2O on the right:

CrO42- + 8H+ ( Cr3+ + 4H2O

Now the charge on the left is 6+, that on the right is only 3+, so to balance the charge we add 3 electrons to the left:

CrO42- + 8H+ + 3e- ( Cr3+ + 4H2O

In the oxidation we add 2H2O on the left to provide the 2 O needed on the right, which gives 4H+ on the right:

Cl- + 2H2O ( ClO2- + 4H+
The charge on the left is -1, that on the right +3, so we add 4e- on the right:

Cl- + 2H2O ( ClO2- + 4H+ + 4e-
Thus reduction x 4 + oxidation x 3 cancels the 12 electrons:

4CrO42- + 32H+ + 3Cl- + 6H2O ( 4Cr3+ + 16H2O + 3ClO2- + 12H+
We can cancel 12H+ and 6H2O:

4CrO42- + 20H+ + 3Cl- ( 4Cr3+ + 10H2O + 3ClO2-
This is the smallest set of integers, because 4 cannot be divided 3, thus choice A is correct

20. When HCl was added to a solution containing two metal ions, a precipitate formed with one ion but the other remained soluble. The solution could have contained

The solubility rules will tell you the correct choice.

A. Ag+ and Cu2+
AgCl(s) is insoluble and precipitates, CuCl2(aq) is soluble

correct choice

B. Cu2+ and Ni2+
Both CuCl2(aq) and NiCl2(aq) are soluble

C. Ag+ and Pb2+
Both AgCl(s) and PbCl2(s) are insoluble and precipitate

D. Ba2+ and Ni2+
Both BaCl2(aq) and NiCl2(aq) are soluble

E. Na+ and Ca2+
Both NaCl(aq) and CaCl2(aq) are soluble

All needed informations are included in the solubility rules.
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