1st Major Exam, Chem101, Chapter 1 - 5, Term 052, Tuesday, 21.3.2006PRIVATE 

1.
A thermometer readable to ± 0.001oC gave five readings of the room temperature as 25.345 oC, 25.347 oC, 25.342 oC, 25.346 oC, and again 25.345 oC. The 'true' temperature was 20.634 oC. The thermometer is:

A) not accurate but precise.

B) accurate but not precise.

C) neither accurate nor precise.

D) both accurate and precise.

E) without systematic errors.

Answer: A

Solution: All measured values close together: precise

Average value far away from the real value: not accurate

2.
An insoluble solid weighing 23.98 g was placed in a graduated cylinder with water inside. The water level with the solid fully immersed was 12.1 cm3; that without the solid was 1.3 cm3. What is the density of the material to the correct number of significant figures?

A) 2.22 g/cm3
B) 2.2 g/cm3
C) 2.220 g/cm3
D) 0.5 g/cm3
E) 0.45 g/cm3
Answer: A

Solution: (density) d = 2.2207 g/cm3, when typed in as it is, without any rounding.

Stepwise calculation to determine the number of significant figures: 12.1 - 1.3 must have 1 significant digit after the point: volume of the material: 10.8 mL.

The mass is given with 4 significant figures, the volume with 3 significant figures and thus the result must have 3 significant figures: d = (23.98 g)/(10.8 cm3) = 2.22 g/cm3.

1 mL = 1 cm3
3.
The concentration of a solution is 2.34 mol/L. What is the concentration in mol/mm3?

A) 2.34 x 10-6 mol/mm3
B) 2.34 x 10-4 mol/mm3
C) 2.34 x 106  mol/mm3
D) 2.34 x 104  mol/mm3
E) 234 mol/mm3
Answer: A

Solution: 1 L = 1 dm3 = (102 mm)3 = 106 mm3:

2.34 mol/L = 2.34 mol/(106 mm3) = 2.34 x 10-6 mol/mm3
4.
The burning of wood is a:

A) chemical change

B) physical change

C) Chromatographic process

D) Distillation process 

E) Filtration process

Answer: A

Solution: The burning of wood is an oxidation process, and thus certainly a chemical change. 

5.
Which of the following statements is NOT correct:

A) There can only be one compound formed by any pair of elements.

B) All samples of sodium chloride have the same composition, no matter what the source.

C) In chemical reactions the sum of the masses of the reactants equals the sum of the masses of the products.

D) The amount of sodium that will combine with one gram of chlorine to form sodium chloride is a fixed number.

E) In the group of compounds NO, N2O and NO2 each one is an example of the law of definite proportions.

Answer: A

Solution: B - E are certainly correct, while A contradicts E and thus A is incorrect. 

6.
Which of the following combinations of C, H2, and O2 is NOT in the same proportions as in C2H4O?

A) 2C + 4H2 + O2
B) 12C + 12H2 + 3O2
C) 8C + 8H2 + 2O2
D) 4C + 4H2 + O2
E) 16C + 16H2 + 4O2
Answer: A

Solution: C2H4O stands for 2C + 4H + O = 2C + 2H2 + (1/2) O2 (I), and thus

C2H4O =
4C + 4H2 + O2 (D, 2 x I)


=
8C + 8H2 + 2O2 (C, 4 x I)


=
12C + 12H2 + 3O2 (B, 6 x I)


=
16C + 16H2 + 4O2 (E, 8 x I)

B - E are all integer multiples of I and show the correct proportions, while A is not and thus incorrect.

7.
Which one of the following is named correctly?

A) aluminum nitride, AlN

B) ammonia, NH4+
C) calcium sulfide, Ca(HS)2
D) iron(III) oxide, FeO

E) bromic acid, HBrO2
Answer: A

A is aluminum nitride, Al3+N3-, a type I binary ionic compound and thus correct

B, NH4+ is the ammonium cation and not ammonia, NH3
C, Ca(HS)2 is calcium hydrogensulfide and not calcium sulfide, Ca2+S2-
D, Fe2+O2- is iron (II) oxide, and not iron (III) oxide, Fe2O3
E, HBrO2 is bromous acid and not bromic acid, HBrO3
8.
An element has 34 protons, 36 electrons, and 44 neutrons. What isotope is it?

A) 7834Se2-


B) 8036Kr 

C) 7834Se-
D) 7834Se

E) 4436Kr

Answer: A

34, the number of protons gives the atomic number. Thus it must be 34Se.

The upper number is the mass number and thus the number of protons + the number of neutrons = 34 + 44 = 78.

The number of electrons is by 2 larger than the number of protons, and thus the isotope must have a double negative charge, 2-.

Thus correct is A.

9.
A bromine atom is about four times heavier than a neon atom. How many grams of neon will contain about the same number of atoms as 1,000 g of bromine?

A) 250 g Ne

B) 4 g Ne

C) 400 g Ne

D) 1,000 g Ne

E) 4,000 g Ne

Answer:  A

Solution: m(Br) = 4 x m(Ne); m(Ne) = (1/4) m(Br) = 0.25 x m(Br) 

Assumption: 1000 g Br2 contain N Br atoms or N/2 Br2 molecules.

Thus m(N x Br) = N x m(Br).

Then for a sample of Ne that contains the same number of Ne atoms, N, as 1000 g Br2 contain Br atoms it must be true that

N x m(Ne) = (1/4) x N x m(Br) = 0.25 x 1000 g = 250 g Ne, thus A is correct.

10.
Which of the following can be the molecular formula of a compound containing 85.6% C and 14.4% H by mass?

A) C2H4


B) CH4


C) C3H4


D) C2H6


E) C3H8
Answer:  A

Solution: That one of the choices can be (not for sure, because MM is not known) the molecular formula of the compound, that choice must be an integer multiple of the empirical formula.

To get the empirical formula, we need a sample, say 100 g, of the compound.

Then (because of the % composition) that 100 g sample must contain 85.6 g C and 14.4 g H. 

With the average atomic weights, we can calculate the number of moles and thus the empirical formula:
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To get integer coefficients we must divide by the smallest, 7.127:
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The molecular formula can now be CH2 (which is not B, CH4), or (CH2)2 = C2H4 (A, but not D, C2H6), or it can be (CH2)3 = C3H6 (which is not C, C3H4, and also not E, C3H8).

Thus A is correct and can be the molecular formula, but B - E cannot. 

11.
What is the coefficient of H2SO4 when the following equation is properly balanced with the smallest set of whole numbers?   


___ Ca3(PO4)2 + ___ H2SO4  (  ___ CaSO4 + ___ H3PO4  

A) 3

B) 5

C) 6

D) 2

E) 4

Answer:  A

Solution: The compound is (Ca2+)3(PO43-)2 and to form H3PO4 we have 2 phosphate, which need 6 H+ to form 2 H3PO4.

So we have 1 Ca3(PO4)2 on the left and 2 H3PO4 on the right.

To have the 6 H+, we must use 3 H2SO4 on the left, which dissociate to the 6 H+ and 3 SO42-.

The 3 SO42- and the 3 remaining Ca2+ form 3 CaSO4 on the right. Thus the balanced equation is: 

 1  Ca3(PO4)2 +  3  H2SO4 (  3  CaSO4 +  2 H3PO4
Since none of the numbers are integer multiples of each other, this is the smallest set of integer numbers, and the coefficient at sulfuric acid, H2SO4, is 3, choice A.

12. When octane (C8H18) is burned in a particular internal combustion engine according to the equation:

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

18 H2O(l) 

the yield of carbon dioxide and water is 93%. What mass of carbon dioxide will be produced in this engine when 15.0 g of octane is burned with 15.0 g of oxygen gas?

A) 12 g

B) 13 g

C) 21 g

D) 54 g

E) 43 g

Answer:  A

Solution: Limiting reactant calculation:

First we need the molar mass of octane:

MM(C8H18) = (8 x 12.01 + 18 x 1.01) g/mol = 114.26 g/mol

If all octane, C8H18, could react, we could get a mass of carbon dioxide, CO2, as
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If all oxygen, O2, could react, we could get a mass of CO2 as
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The reactant, here O2, that gives the smaller amount of product, CO2, is the limiting reactant.

Thus all 15.0 g O2 reacts and some C8H18 is left in the mixture when all O2 has reacted.

Now, the actual yield is 93 %, so we get only 0.93 x 13.203 g CO2 = 12.279 g CO2 and not the full theoretical yield.

Since 93 % has 2 significant figures, the correct result is 12 g CO2, choice A. 

13.
 In which of the following does the chlorine atom (Cl) have an oxidation number of 5?

A)  ClO3-
B)  HCl

C)  ClO-
D)  HClO4
E)  ClF3
Answer: A

Solution:
In each of the choices we assign the oxidation number of Cl as unknown with u, and the other 

oxidation numbers as usual in compounds: that of O with -2, that of H with +1 and that of F 

with -1. Then the sum of all oxidation numbers must give the overall charge:

A) ClO3-: u - 2 x 3 = -1; u - 6 = -1; u = +5

For oxidation number 5 for Cl is asked, and thus choice A is correct.

B) HCl: +1 + u = 0; u = -1

C) ClO-: u - 2 = -1; u = +1

D) HClO4: +1 + u - 2 x 4 = 0; u - 7 = 0; u = +7

E) ClF3: u - 1 x 3 = 0; u - 3 = 0; u = +3  

14.
The oxidation-reduction reaction,


Cl2 (g)  (  Cl- (aq)   +   OCl- (aq)


occurs in a basic medium. On balancing this reaction the sum of the stoichiometric coefficients of all the reactants and products is:

A)  6

B)  4

C)  8

D)  5

E)  7

Answer: A

Solution: Cl is reduced from 0 in Cl2 to -1 in Cl-
Reduction: 1/2 Cl2 ( Cl-: charge 0 on the left, charge -1 on the right. Thus adding an e- on the left gives -1 on both sides.

Finished reduction: 1/2 Cl2(g) + e- ( Cl-(aq): same in basic and in acidic medium

Oxidation: Cl is also oxidized from 0 in Cl2 to +1 (see 13, choice C) in ClO-:

1/2 Cl2 ( ClO-: first we balance as if we are in acidic medium:

we add H2O on the left and get 2 H+ on the right: 1/2 Cl2 + H2O ( ClO- + 2 H+
the atom balance is ok, but we are in basic medium (no H+):

we add 2OH- both on the left and on the right: 

1/2 Cl2 + H2O + 2 OH- ( ClO- + 2 H+ + 2 OH-
From the 2 H+ + 2 OH- on the right we make 2 H2O:

1/2 Cl2 + H2O + 2 OH- ( ClO- + 2 H2O: 1 H2O can be canceled out:

1/2 Cl2 + 2 OH- ( ClO- + H2O: charges: 2- on the left and 1- on the right

that can be balanced by adding 1 e- on the right:

Oxidation: 1/2 Cl2(g) + 2 OH-(aq) ( ClO-(aq) + H2O(l) + e-
Reduction: 1/2 Cl2(g) + e- ( Cl-(aq)

Since there is 1 e- on the left and 1 e- on the right, we simply add the two and cancel the electron 

out to obtain the final redox equation:

Cl2(g) + 2 OH-(aq) ( ClO-(aq) + Cl-(aq) + H2O(l)

sum of the coefficients: 1 (Cl2) + 2 (OH-) + 1 (ClO-) + 1 (Cl-) + 1 (H2O) = 6, choice A

15.
In the reaction,


16H+ + 2 MnO4‑ + 10 Br‑ ( 5 Br2 + 2 Mn2+ + 8 H2O


The reducing agent is:

A)  Br‑
B)  Br2
C)  MnO4 ‑
D)  H+
E)  Mn2+
Answer: A

Solution:
Br is oxidized from oxidation number -1 in Br- to oxidation number 0 in Br2, thus Br- is the 

reducing agent: it becomes oxidized and thus reduces another compound, choice A is right.

Mn in permanganate, MnO4-, is reduced from oxidation number +7 to +2 in Mn2+, thus MnO4- 

is the oxidizing agent and choice C is wrong.

We assign oxidation number u to Mn, and thus the sum of oxidation numbers in MnO4- must be 

the overall charge of the ion, -1. Thus u - 2 x 4 = u - 8 = -1, and thus u = +7.

H has oxidation number +1 on both sides (in H+ as well as in H2O), thus it is neither reducing 

nor oxidizing agent and choice D is wrong.

Choices B and E are wrong, because oxidizing and reducing agents must be reactants and no 

products.

16.
A solution of 0.13110 g of potassium hydrogen phthalate (KHC8H4O4) in water required 27.2 mL of a calcium hydroxide (Ca(OH)2) solution to be neutralized.  The molarity of the Ca(OH)2 solution is:

A)  0.0118 M

B)  0.0236 M

C)  0.0472 M

D)  0.00590 M

E)  0.118 M

Answer: A

Solution:
2 KHP + Ca(OH)2 ( Ca2+(P2-) + (K+)2P2- + 2 H2O

Molar mass of KHP: MM(KHP) = (39.10 + 5 x 1.01 + 8 x 12.01 + 4 x 16.00) g/mol 

= 204.23 g/mol
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5
Remember that 1 mol Ca(OH)2 can neutralize 2 mol KHP (H+)

17.
Consider separate 1.0 L samples of UF6(g) and He(g) containing the same number of moles. What temperature (Kelvin) ratio for the UF6 sample to the He sample would produce the same root mean square velocity?

A) 87.93

B) 0.01137

C) 15.00

D) 2.5

E) 5.5

Answer:A

Solution:
The expression for the root mean square velocity in an ideal gas is
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The condition is that urms should be the same for both gases:
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7
Choice B would be the reverse.

18.
The partial pressure of O2(g) is 0.250 atm and that of CH4(g) is 0.175 atm in a mixture of the two gases. If the mixture occupies a volume of 10.5 L at 65 oC, the number of grams of O2(g) in the mixture would be,

A) 3.03

B) 1.06

C) 5.22

D) 12.4

E) 8.24

Answer: A

Solution:
In a mixture, ideal gases behave as if they are alone, thus:
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T = (273.15 + 65) K  = 338.15 K, and because P is in atm for R we use 

R = 0.08206 L atm (K mol)-1:
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19.
Air contains 78 % N2, 21% O2, and 1% Ar, by volume. What is the density of air (in g/L) at 1000. torr and -10. oC (Assume ideal gas behavior)?

A) 1.8

B) 6.1

C) 0.67

D) 1.0

E) 2.4

Answer: A

Solution:
For all ideal gases Avogadro's law, V = an, holds with the same constant a, as long as P and 

T are constant.

Thus the % by volume of a mixture of 3 different gases is
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10
where xi is the mole fraction of gas component number i in the mixture.

Thus: xN2 = 0.78, xO2 = 0.21, and xAr = 0.01. Further:



[image: image11.wmf]MM

RT

P

 

=

 

d

 

 

MM

d

 

=

 

 MM

 

V

m

 

=

 

RT

P

  

;

 

RT

MM

m

 

=

 

nRT

 

=

 

PV

·


11
With T = (273.15 - 10.) K = 263.15 K (3 significant figures, because of 0 digits), we can 

calculate the constant (1 atm = 760 torr)
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Thus P/RT = 0.0609 mol/L (3 significant figures, because of (273.15 -10.) K, but no rounding 

here)

The mass of 1 mol of our mixture we get from the mole fractions, the weights mi of one particle 

of each of the gases and Avogadro's number, NA:
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Since MMi = miNA (note: the % by volume are at most to two significant figures, however the 

sum is to 1 significant digit after the point, giving 2 figures in the result):
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Determination of the number of significant figures:
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15
In MM the first and second term must have 2 significant figures each, the third one only 1. 

Thus, the sum, MM, must have 0 significant digits after the point (as 22), thus 2 significant 

figures (29 g/mol).

The constant, P/RT, must have 3 significant figures (0.0609 mol/L), and thus the density d 

must have 2 significant figures (1.8 g/L). 

20.
If equal masses of O2(g) and HBr(g) are in separate containers of equal volume and temperature, which one of the following statements is TRUE?

A) The pressure in the O2 container is greater than that in the HBr container.

B) There are more HBr molecules than O2 molecules.

C) The average velocity of the O2 molecules is less than that of the HBr molecules.

D) The average kinetic energy of HBr molecules is greater than that of O2 molecules.

E) The pressures of both gases are the same.

Answer: A

Solution:
Here we simply must check all the choices.

In the 2 container there are equal masses, m,  equal volumes, V, at equal temperatures, T, of 

the 2 gases.

A) PO2 > PHBr:
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16
Thus A is correct.

B) N(HBr) > N(O2), equal to n(HBr) > n(O2)
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Thus the opposite of B is correct.

C) urms(HBr) > urms(O2)
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So again the opposite of C is correct.

D) The average kinetic energy is directly proportional to the temperature, and the 2 gases are 

at the same temperature, thus having the same average kinetic energy. Thus choice D is also 

wrong: (KE)average = 3/2 x RT

E) same pressures: we know from A) that P(O2)/P(HBr) = 2.53 and thus the pressures are not 

the same and E is also wrong.
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