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Chapter 3 Stoichiometry: Ratios of Combination


The mole:
One mole of an element is its atomic mass grams and contains avogadro’s number (6.022 x 1023) atoms of this element

Mole = (mass g)/(atomic mass g/mol)
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Molar Mass:

Molar mass of a compound is the sum of the atomic masses of the component atoms
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Exercise 2:

Compute the mass in grams of a sample of americium 
(243 g/mole) containing six atoms.

Answer:

243 g/mol   contains     6.022 x 1023 atom/mol

m g  (?)       in                6 atoms 

m = (6 atoms x 243 g mol-1)/(6.022 x 1023 atoms mol-1) 
    = 2.42 x 10-21 g

Exercise 3:

a)     Calculate number of moles (n) in a sample of cobalt 

         containing 5.00 x 1020 atoms and 

b)
The mass of the sample in g when the atomic mass is      

            
58.93 g/mol


Answer:


a)
1 mole       contains        6.022 x 1023 atom/mol



n (?)          in                   5.00 x 1020 atoms



n = (5.00 x 1020 atom x 1 mol)/(6.022 1023 atom mol-1)
                     = 8.30 10-4 mol 

b)
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                 m = n x MM = 8.30 x 10-4 mol x 58.93 g/mol

                     = 4.89 x 10-2 g of Co 

        
Exercise 4:


For C10H6O3 calculate:


a)
Molar mass
b)
Moles of 1.56 x 10-2 g


Answer:


a)
MM = (10 x 12.01) + (6 x 1.008) + (3 x 16.00)

                 
        = 174.10 g/mol


b)
     n = m/MM
                          = 1.56 x 10-2 g/174.1 g mol-1
                          = 8.96 x 10-5 mol 


Exercise 5:

For calcium carbonate CaCO3 (calcite)


Calculate:
a)
Molar mass
b)
Mass of 4.86 moles

             

c)     
Mass of CO32- ions present

Answer:

a) MM = (1 x 40.08) + (1 x 12.01) + (3 x 16.00)

        = 100.09 g/mol

b) m = n x MM = 4.86 mol x 100.09 g/mol = 486 g CaCO3
c)
    1 mole CaCO3         contains    1 mole CO32-
       (  4.86 moles CaCO3   contains    4.86moles CO32-

MM = (1 x 12.01) + (3 x 16.00) = 60.01 g/mol

         m = n x MM = 4.86 mol x 60.01 g/mol = 292 g CO32-

Percent Composition of Compounds:

Mass % = [(mass of component)/(total mass)] x 100

Exercise 6:


For 1 mole C10H14O


Mass of C = 10 mol x 12.01g/mol = 120.1 g


Mass of H = 14 mol x 1.008 g/mol = 14.11 g


Mass of O = 1 mol x 16.00 g/mol = 16.00 g


Mass of 1 mol of C10H14O = 120.1 + 14.11 + 16.00 

                                                    = 150.2 g


Mass % of C = (120.1/150.2) x 100 = 79.96 %


Mass % of H = (14.11/150.2) x 100 = 9.394 %


Mass % of O = (16.00/150.2) x 100 = 10.65 %


Total mass % = (79.96 % + 9.394 % + 10.65 % ) = 100.00 %


Exercise 7:
Determine the empirical and molecular formulas for a compound that gives the following mass:


71.65 % Cl

24.27 % C


4.07 % H


Molar mass = 98.96 g/mol


Answer:


Assume we have a 100.00 g sample:

mCl = 71.65 g,
mC = 24.27 g
and
mH = 4.07 g


n = m/MM 


nCl = (71.65 g)/(35.45 g mol-1) = 2.021 mol Cl


nC = (24.27 g)/(12.01 g mol-1) = 2.021 mol C


nH = (4.07 g)/(1.008 g mol-1) = 4.04 mol H

Molar ratio:
nCl : nC : nH




2.021 : 2.021 : 4.04





    1    :     1    :    2


Empirical formula = ClCH2

Empirical mass = (1 x 35.45) + (1 x 12.01) + (2 x 1.008)




        = 49.48 g


(Molar mass)/(Empirical mass) = (98.96 g)/(49.48 g) 

                                                            = 2

        Molecular formula = (ClCH2)2
                                       =  Cl2C2H4

Exercise 8:


Ammonium dichromate (s) ( Chromium(III) oxide (s) + 
                                                    
  Nitrogen (g) + Water (g) 

(NH4)2Cr2O7(s) ( Cr2O3(s) + N2(g) + 4H2O(g)


2Cr atoms

    


8H atoms

    



8H atoms

2N atoms


7O atoms

    


Exercise 9:

                                    1000oC


Ammonia (g) + Oxygen (g)   (   Nitric oxide (g) + Water (g) 


          NH3(g) + O2(g) ( NO(g) + H2O(g)


6H atoms

    


2N atoms

          2N atoms    6H atoms

5O atoms

          2O atoms    3O atoms



2NH3(g) + 5/2O2(g) ( 2NO(g) + 3H2O(g)


4NH3(g) + 5O2(g)   (  4NO(g) + 6H2O(g)

Exercise 9:

Solid Lithium hydroxide is used in space vehicles to remove exhaled carbon dioxide. What mass of gaseous carbon dioxide can be absorbed by 1.00 Kg Lithium hydroxide.

Answer:

2LiOH(s) + CO2(g) ( Li2CO3(s) + H2O(l)

nLiOH = (1000 g)/(6.941 + 16.00 + 1.008) g mol-1
         = 41.8 mol       LiOH

From balance equation:


2 mol LiOH  =  1 mol CO2
(
41.8 mole LiOH = 20.9 mol CO2

mCO2 = n CO2 x MM CO2 = 20.9 mol x 44.0 g/mol 

                  = 920 g   CO2
Exercise 10:

Baking Soda NaHCO3 is often used as antacid:


NaHCO3(s) + HCl(aq) ( NaCl(aq) + H2O(l) + CO2(g) 

Milk of magnesia Mg(OH)2 is also used as antacid:


Mg(OH)2(s) + 2HCl(aq) ( MgCl2(aq) + 2H2O(l) 

Which is more effective antacid per gram NaHCO3 or Mg(OH)2 ?

Answer:

nNaHCO3 = 1 g/84.01 g mol-1 

                    = 1.19 x 10-2 mol NaHCO3 = nHCl
nMg(OH)2 = 1 g/58.32 g mol-1 

                    = 1.71 x 10-2 mol Mg(OH)2 = ½ nHCl 
      nHCl = 3.42 x 10-2 mol  HCl
( 1 g NaHCO3 will neutralize about half the amount of HCl that   

     can be neutralized by the same amount of Mg(OH)2.

( Mg(OH)2 is better antacid than NaHCO3.

Calculations Involving a Limiting Reactant:

(
When reactants are mixed together not in stoichiometric quantities to undergo reaction

(
The amount of the product formed will be determined by the amount of the limiting reactant

e.g:   Formation of ammonia by Haber process:



N2(g) + 3H2(g) ( 2NH3(g)

                  1 mol    3 moles    2 moles



28 g      6 g             34 g


Assume:    16 g      3 g             17 g
(H2 is LR)

                  14 g      5 g              17 g      (N2 is LR)

Strategy:

(
Write the balanced equation

(
Convert given masses to moles
(
Determine which reactant is limiting reactant
(
Use moles of limiting reactant to determine moles of product

(
Convert moles of product to grams

Exercise 11:

If a sample containing 18.1 g of NH3 is reacted with 90.4 g of CuO, which is the limiting reactant? How many grams of N2 will be produced?


Answer:



2NH3(g) + 3CuO(s) ( N2(g) + 3Cu(s) + 3H2O(g)



nNH3 = (18.1 g)/(17.03 g mol-1) = 1.06 mol NH3


nCuO = (90.4 g)/(79.55 g mol-1) = 1.14 mol CuO


From balance equation:

                       2 mol NH3 = 3 mole CuO

                  1.06 mol NH3 =  ? nCuO


nCuO = (1.06 mol NH3 x 3 mol CuO)/(2 mol NH3)

                          = 1.59 mol CuO


( 
1.06 mol NH3 needs 1.59 mol CuO



but we have only 1.14 mol CuO

· CuO is limiting reactant

From balance equation:

                       3 mol CuO = 1 mole N2
                  1.14 mol CuO =  ? nN2


nN2 = (1.14 mol CuO x 1 mol N2)/(3 mol CuO)

                        = 0.380 mol N2
· mN2 = nN2 x MMN2 = 0.380 mol x 28.0 g/mol

                = 10.6 g N2
Exercise 12:

Suppose 68.5 Kg of CO(g) is reacted with 8.60 Kg of H2(g). Calculate the theoretical yield of methanol. If 3.57 x 104 g methanol is produced what is the % yield of methanol?

Answer:


2H2(g) + CO(g) ( CH3OH(l)


nCO = (68.5 x 1000 g)/28.02 g mol-1) 

                = 2.44 x 103 mol CO


nH2 = (8.60 x 1000 g)/(2.016 g mol-1) 

                = 4.27 x 103 mol H2

From balance equation:

                                1 mol CO = 2 mole H2
                  2.44 x 103 mol CO =  4.88 x 103 mole H2
· H2 is limiting reactant

From balance equation:

                       2 mol H2 = 1 mole CH3OH

         4.27 x 103 mol H2 =  ? nCH3OH
nCH3OH   = (4.27 x 103 mol H2 x 1 mol CH3OH)/(2 mol H2) 

             = 2.14 x 103 mol CH3OH

mCH3OH = nCH3OH x MMCH3OH = 2.14 x 103 mol x 32.04 g/mol

             = 6.86 x 104 g CH3OH = theoretical yield

Percent yield = [(experimental)/(theoretical)] x 100
                      = [(3.57 x 104 g)/(6.86 x 104 g)] x 100

                      = 52.0 %
Chem 101 Chapter 3: Selected Old Exams Questions:

(All correct answers are A):

1.
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
2.
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
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MM(NH3) = (2 x 1.008 + 14.00) g/mol = 17.02 g/mol


B.
Ammonium nitrate, NH4NO3
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C.
Ammonium carbonate, (NH4)2CO3

D.
Guanidine, HNC(NH2)2
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E.
Urea, (NH2)2CO

                  
[image: image8.wmf]%

 

46.6

 

=

 

g/mol

 

16.00)

 

+

 

12.01

 

+

 

1.008

 

 

4

 

+

 

14.00

 

 

(2

%

 

100

 

 

2

 

 

g/mol

 

14.00

 

=

 

%N

·

·

·

·


5
3.
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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4.
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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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.

5. 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
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.

6. 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

   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.

7. 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
    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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12
    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. 

8. 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

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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13
If all oxygen, O2, could react, we could get a mass of CO2 as
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14
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. 

9.
When 8.0 moles 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.

10.
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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11. 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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18
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.

12. 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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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)
 

13. 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 %

14. 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

15. 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).

16. 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)
17. 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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18. 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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mass of carbon, mC, in the 1.000 g compound:
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mass percentage of carbon, %C, in the 1.000 g compound:
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19. 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
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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):

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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20. 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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36
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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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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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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The percent yield is thus [(given actual yield NaI (8.00 g))/(theoretical yield NaI (9.84 g)] x 100 %: 
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21. 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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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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