GENERAL CHEMISTRY I
CHEM 1311
EXAM 3
Thursday November 12, 2009
Name___________________________________


1.
What is the molecular weight of N2O5?  Atomic weights:  N  14.01     O  16.00



a) 36.11 g/mol


b) 55.12 g/mol


c) 75.27 g/mol




d) 108.0 g/mol


e) 197.5 g/mol


Molecular weight = 2(14.01 g/mol) +  5(16.00 g/mol)






  =  28.02 g/mol   +   80.00 g/mol






  =  108.02 g/mol  ≈  108.0 g/mol 

2.
Which of the following substances has the largest molecular weight?



Atomic weights:  H  1.008     C  12.01     N  14.01     O  16.00     P  30.97     Cl  35.45    




     Br  79.90     I  126.90



a) Br2



b) C5H12


c) HI




d) NO2



e) PCl3  
Br2:  2(79.90 g/mol)  =  159.80 g/mol    (LARGEST)

C5H12:  5(12.01 g/mol) + 12(1.008 g/mol)  =  72.146 g/mol

HI:  1(1.008 g/mol) + 1(126.90 g/mol)  =  127.908 g/mol

NO2:  1(14.01 g/mol) + 2(16.00 g/mol)  =  46.01 g/mol

PCl3:  1(30.97 g/mol) + 3(35.45 g/mol)  =  137.32 g/mol

3.
Which of the following substances comes closest to having the same molecular weight as N2?



Atomic weights:  H  1.008     C  12.01     N  14.01     O  16.00



a) CH4



b) CO



c) CO2



d) NO



e) NO2
N2:  2(14.01 g/mol)  =  28.02 g/mol

Compare to:

CH4:  1(12.01 g/mol) + 4(1.008 g/mol)  =  16.042 g/mol
CO:  1(12.01 g/mol) + 1(16.00 g/mol)  =  28.01 g/mol  (very close to N2)

CO2:  1(12.01 g/mol) + 2(16.00 g/mol)  =  44.01 g/mol

NO:  1(14.01 g/mol) + 1(16.00 g/mol)  =  30.01 g/mol

NO2:  1(14.01 g/mol) + 2(16.00 g/mol)  =  46.01 g/mol

4.
Which of the following substances has a molecular weight of 153.8 g/mol?


Atomic weights:  H  1.008     C  12.01     N  14.01     O  16.00     P  30.97     Cl  35.45




     Br  79.90



a) CCl4



b) C6H6


c) HBr




d) N2O4


e) PCl5  
CCl4:  1(12.01 g/mol) + 4(35.45 g/mol)  =  153.81 g/mol  This one!

C2H6:  2(12.01 g/mol) + 6(1.008 g/mol)  =  30.068 g/mol
HBr:  1(1.008 g/mol) + 1(79.90 g/mol)  =  80.908 g/mol
N2O4:  2(14.01 g/mol) + 4 (16.00 g/mol)  =  92.02 g/mol

PCl5:  1(30.97 g/mol) + 5(35.45 g/mol)  =  208.22 g/mol

5.
Which of the following is a correct statement about the mole?




a) A mole of any chemical substance will always have a mass of 12 g.




b) A mole of any chemical substance will always contain 6.022 x 1023 of the particles that



    compose that substance.



c) Both of the above statements are correct.
     d) Neither of the above statements are correct.

A mole of any chemical substance is always 6.022 x 1023 particles of that substance.  The mass of a mole will vary.  A mole of heavier particles will weigh more and a mole of lighter particles will weigh less.

6.
What is the mass of 3.217 moles of aluminum (Al)?  Atomic weight:  26.98




a) 55.24 g


b) 68.14 g


c) 86.79 g



d) 99.41 g


e) 121.6 g

          26.98 g Al
3.217  x  -----------  =  86.79 g Al
            1 mol Al

7.
How many moles of magnesium (Mg) are present in 215.8 g of magnesium?  Atomic weight: 24.31




a) 2.596 mol


b) 5.102 mol


c) 7.231 mol




d) 8.877 mol


e) 11.51 mol

                 1 mol Mg

215.8 g Mg  x  -----------  =  8.877 g Mg
                24.31 g Mg

8.
How many lithium (Li) atoms are present in 72.84 g of lithium?  Atomic weight: 6.941



Avogadro’s number is 6.022 x 1023.




a) 4.873 x 1023 atoms

b) 5.922 x 1023 atoms

c) 8.318 x 1023 atoms




d) 3.847 x 1024 atoms

e) 6.320 x 1024 atoms
                1 mol Li       6.022 x 1023 atoms
72.84 g Li  x  -----------  x  -----------------  =  6.320 x 1024 atoms
                6.941 g Li         1 mol Li

9.
What is the mass of 1.437 x 1022 lead (Pb) atoms?  Atomic weight: 207.2



Avogadro’s number is 6.022 x 1023.




a) 4.944 g


b) 7.315 g


c) 12.48 g



d) 19.41 g


e) 28.75 g

                           1 mol Pb           207.2 g Pb

1.437 x 1022 atoms  x  ------------------  x  -----------  =  4.944 g Pb

                       6.022 x 1023 atoms       1 mol Pb  

10.
How many moles of CS2 are present in 163.9 g of CS2?  Atomic weights:  C  12.01     S  32.07



a) 1.357 mol


b) 2.152 mol


c) 3.824 mol




d) 5.623 mol


e) 8.281 mol

                 1 mol CS2 
163.9 g CS2  x  ------------  =  2.152 mol CS2 
                 76.15 g CS2 

11.
What is the mass of 4.738 moles of CH4?  Atomic weights:  H  1.008     C  12.01



a) 32.75 g


b) 54.21 g


c) 76.01 g



d) 94.28 g


e) 117.2 g

                  16.042 g CH4 
4.738 mol CH4  x  ------------  =  76.01 g CH4 
                   1 mol CH4 

12.
How many NH3 molecules are present in 79.27 g of NH3?  Avogadro’s number is 6.022 x 1023.


Atomic weights:  H  1.008
N  14.01




a) 1.558 x 1023 molecules
b) 4.857 x 1023 molecules
c) 9.226 x 1023 molecules




d) 2.802 x 1024 molecules
e) 5.482 x 1024 molecules

                 1 mol NH3       6.022 x 1023 molec.
79.27 g NH3  x  ------------  x  ------------------  =  2.802 x 24 molec. 
                17.034 g NH3         1 mol NH3 

13.
What is the mass of 1.228 x 1025 H2O molecules?  Avogadro’s number is 6.022 x 1023.


Atomic weights:  H  1.008
O  16.00



a) 58.44 g


b) 79.28 g


c) 142.9 g




d) 211.5 g


e) 367.4 g
                             1 mol H2O          18.016 g H2O
1.228 x 1025 molec.  X  -------------------  x  ------------ = 367.4 g H2O
                        6.022 x 1023 molec.       1 mol H2O

14.
What kind of chemical formula shows the actual number of atoms of each element within a molecule, but does not show how the atoms are bonded to each other?




a) empirical formula

b) molecular formula

c) structural formula

A molecular formula shows the actual number of atoms of each element within a molecule, but not how they are bonded.

15.
What kind of chemical formula shows how the atoms are bonded together within a molecule?




a) empirical formula

b) molecular formula

c) structural formula
A structural formula shows how the atoms are bonded within a molecule.  It conveys the most information about a molecule.  At the other extreme is the empirical formula, which shows only the simplest whole number ratio of one atom to another.  It conveys the least information about a molecule.

16.
Are there any molecular compounds for which the empirical and molecular formulas as the same?



a) Yes, some molecular compounds have identical empirical and molecular formulas.



b) No, there are no compounds having the same empirical and molecular formulas.




     These formulas are always different.

H2O is a good example.  H2O is a molecular formula, because water molecules really do have 2 atoms of hydrogen and 1 atom of oxygen.  It is also an empirical formula, because a ratio of 2:1 can not be expressed in any lower terms.

17.
What is the percent by mass of nitrogen in N2H4?  Atomic weights:  H  1.008     N  14.01



a) 22.65%


b) 39.42%


c) 52.14%




d) 68.49%


e) 87.42%
N2O4:  2(14.01 g/mol) + 4(1.008 g/mol)  =

        28.02 g/mol  +  4.032 g/mol  =  32.052 g/mol
         N part              H part             whole

                    part               28.02 g/mol 
Percent = 100%  x  ------  =  100%  x  ------------  =  87.42% 

                    whole              32.052 g/mol

18.
How many grams of potassium are present in 4.215 g of KClO3?  Hint:  One way to work this is to convert g KClO3 ( mol KClO3 ( mol K ( g K.  (The formula KClO3 shows the ratio of mol K to mol KClO3.  This ratio is needed for the middle conversion factor).  An alternative way to work this is to calculate the percent of K in KClO3 and figure out what number represents that percentage of 4.215 g. 


Atomic weights:  O  16.00     Cl  35.45   K  39.10



a) 0.673 g


b) 1.345 g


c) 2.297 g




d) 3.116 g


e) 4.003 g
Method 1:  A conversion factor approach

                   1 mol KClO3        1 mol K        39.10 g K
4.215 g KClO3  x  --------------  x  -----------  x  ---------- = 1.345 g K
                  122.55 g KClO3     1 mol KClO3      1 mol K

Method 2:  A percentage approach

KClO3:  1(39.10 g/mol) + 1(35.45 g/mol) + 3(16.00 g/mol) = 

          39.10 g/mol  +  35.45 g/mol   +   48.00 g/mol  =  122.55 g/mol

               K part             Cl part               O part            whole

                39.10 g/mol

%K  =  100%  x  ------------  =  31.91%

                122.55 g/mol

4.215 g  x  31.91%  =  4.215  x  0.3191  =  1.345 g


19.
A compound known to contain only the elements iron and oxygen was analyzed and found to contain 77.73% iron by mass.  What is the empirical formula of this compound?  


Atomic weights:  O  16.00     Fe  55.85



a) FeO



b) Fe2O


c) FeO2



d) Fe2O3


e) Fe3O2 

Assume you have a 100.00 g sample of the compound, so that the percentages turn into grams.  You will then have 77.73 g of iron, and the remaining 22.27 g will be oxygen.  Convert these masses to moles, and look for the lowest whole number ratio of iron to oxygen.
                1 mol Fe

77.73 g Fe  x  ----------  =  1.392 mol Fe

               55.85 g Fe

               1 mol O

22.27 g O  x  ---------  =  1.392 mol O

              16.00 g O

The moles of iron and oxygen are equal.  Therefore, the number of atoms of iron and oxygen are also equal.  The simplest ratio is 1:1, so the empirical formula is FeO.

20.
A 7.500 g sample of a compound known to contain only the elements cadmium and chlorine was analyzed and found to contain 4.599 g of cadmium.  What is the empirical formula of this compound?


Atomic weights:  Cl  35.45     Cd  112.41



a) CdCl


b) Cd2Cl


c) CdCl2



d) Cd2Cl3


e) Cd3Cl2 
If the mass of the compound is 7.500 g and 4.599 g of this mass is cadmium, then the remaining 2.901 g must be chlorine.  Convert these masses to moles and look for the lowest whole number ratio of cadmium to chlorine.

               1 mol Cd
4.599 g Cd  x  -----------  =  0.04091 mol Cd
               112.41 g Cd

               1 mol Cl

2.901 g Cl  x  ----------  =  0.08183 mol Cl

               35.45 g Cl

There are twice as many moles of chlorine as moles of cadmium.  Therefore, there are twice as many atoms of chlorine as atoms of cadmium.  You can demonstrate this by dividing both numbers in the ratio by the smaller of the two numbers.

Ratio is  0.04091 : 0.08183  (Cd : Cl)

0.04091           0.08183

-------  =  1     -------  =  2.000244439  ≈  2
0.04091           0.04091

Equivalent ratio is  1 : 2   (Cd : Cl)

Therefore, the empirical formula is CdCl2.  

21.
A compound known to contain only the elements carbon and hydrogen was analyzed and found to be 85.63% carbon by mass and have a molecular weight of 84.16 g/mol.  How many carbon atoms are present in each molecule of this compound?  Atomic weights:  H  1.008     C  12.01



a) 3

b) 4

c) 5

d) 6

e) 7

First calculate the empirical formula.  Then compare the empirical formula weight to the actual molecular weight.

Assume you have 100.00 g of the compound, so that that the percent of carbon becomes the number of grams of carbon.  There will then be 85.63 g of carbon.  The remaining 14.37 g must be hydrogen.  Convert these masses to moles and look for the lowest whole number ratio of carbon to hydrogen.
              1 mol C

85.63 g C  x  ---------  =  7.130 mol C
              12.01 g C
              1 mol H

14.37 g H  x  ---------  =  14.26 mol H
              1.008 g H

There are twice as many moles of hydrogen as moles of carbon.  Therefore, there are twice as many atoms of hydrogen as atoms of carbon.  You can show this by dividing both numbers in the ratio by the smaller of the two numbers.

Ratio is  7.130 : 14.26    (C : H)

7.130          14.26

-----  =  1    -----  =  2
7.130          7.130

Equivalent ratio is  1 : 2  (C : H)

Therefore, the empirical formula is CH2.  Now, calculate the weight of this empirical formula and compare it to the actual molecular weight.
CH2:  1(12.01 g/mol) + 2(1.008 g/mol) = 14.026 g/mol

Since the empirical formula is CH2 the molecular formula is CnH2n where

         molecular weight           84.16 g/mol

n  =  ------------------------  =  ------------- = 6.000285185  ≈  6  

      empirical formula weight      14.026 g/mol

So n = 6, making the molecular formula (CH2)6  = C6H12.  From the molecular formula, we see that there are 6 carbon atoms in the molecule.

22.
A 5.000 g sample of a compound known to contain only the elements phosphorous and oxygen was analyzed and found to contain 2.182 g of phosphorous.  Additional experiments indicate that this compound has a molecular weight of 283.9 g/mol.  How many phosphorous atoms are present in each molecule of this compound?  Atomic weights:  P  30.97     O  16.00



a) 3

b) 4

c) 5

d) 6

e) 10

First calculate the empirical formula.  Then compare the empirical formula weight to the actual molecular weight.

The compound has a mass of 5.000 g, and 2.182 g of this mass is phosphorus.  The remaining 2.818 g must be oxygen.  Convert these masses to moles and look for the lowest whole number ratio of phosphorus to oxygen.

              1 mol P

2.182 g P  x  ---------  =  0.07046 mol P

              30.97 g P

              1 mol O

2.818 g O  x  ---------  =  0.1761 mol O

              16.00 g O

Ratio is  0.07046 : 0.1761   (P : O)

0.07046           0.1761
-------  =  1     -------  =  2.499290378  ≈  2.5
0.07046           0.07046
Equivalent ratio is  1 : 2.5   (P : O)

The above equivalent ratio is still not an integer ratio, but you can recognize the presence of the fraction ½ in the number for oxygen.  The decimal equivalent of ½ is 0.5 so the number 2.5 is 2½.  Therefore, you should multiply both numbers by 2.  This clears the fraction, but keeps the ratio the same, since both numbers were doubled.

1  x  2  =  2          2.5  x  2  =  5

New equivalent ratio is  2 : 5   (P : O)

So the empirical formula is P2O5.  The molecular formula will be P2nO5n where

         molecular weight          283.9 g/mol

n  =  ------------------------  =  ------------ = 2.000140905  ≈  2

      empirical formula weight     141.94 g/mol

So n = 2, making the molecular formula (P2O5)2 = P4O10.  From the molecular formula, you see that there are 4 atoms of phosphorus in the molecule.    

23.
The elements nitrogen and oxygen combine at high temperatures to form nitric oxide, NO.  The balanced chemical equation is



N2(g)   +   O2(g)   ---------->   2NO(g)



In a high temperature experiment, a chemist mixed 3.417 g of N2 with an excess of O2 and allowed the above reaction to take place.  Assuming complete reaction, what mass of NO will be formed?



Atomic weights:  N  14.01     O  16.00



a) 2.105 g


b) 3.573 g


c) 5.258 g



d) 6.200 g


e) 7.319 g
               1 mol N2       2 mol NO     30.01 g NO
3.417 g N2  x  ----------  x  --------  x  ----------  =  7.319 g NO

               28.02 g N2     1 mol N2      1 mol NO

24.
What mass of O2 was used in the reaction described in the previous problem?




a) 2.703 g


b) 3.902 g


c) 5.187 g




d) 7.338 g


e) 9.523 g

Method 1:  A conservation of mass approach

Starting from 3.417 g of nitrogen, we obtained 7.319 g of nitrogen monoxide.  Since mass can not be created from nothing, the additional mass must be the mass of oxygen that combined with the nitrogen.
7.319 g  -  3.417 g  =  3.902 g

Method 2:  A stoichiometry approach

In this method, you calculate the mass of O2 that is required to react with 3.417 g of N2.

               1 mol N2       1 mol O2      32.00 g O2 
3.417 g N2  x  ----------  x  --------  x  -----------  =  3.902 g O2 
               28.02 g N2     1 mol N2       1 mol O2 

25.
The elements nitrogen and fluorine combine to form nitrogen trifluoride, NF3.  The balanced chemical equation is



N2(g)   +   3F2(g)   ---------->   2NF3(g)



If a sealed reaction vessel contains 1.254 g of N2 and 3.451 g of F2 what mass of NF3 will be formed, assuming complete reaction?  Atomic weights:  N  14.01     F  19.00



a) 1.493 g


b) 2.553 g


c) 3.419 g




d) 4.299 g


e) 5.673 g

Since you don’t know which reactant is the limiting reactant, calculate the mass of product that each reactant will allow you to make, and go with the smaller mass of product.  The reactant that calculates the smaller mass of product is the limiting reactant.
               1 mol N2       2 mol NF3     71.01 g NF3 
1.254 g N2  x  ----------  x  ---------  x  -----------  =  6.356 g NF3 
               28.02 g N2     1 mol N2        1 mol NF3 

                1 mol F2      2 mol NF3      71.01 g NF3 
3.451 g F2  x  ----------  x  ---------  x  -----------  =  4.299 g NF3  

               38.00 g F2     3 mol F2​         1 mol NF3 

Since 4.299 g < 6.356 g, we accept 4.299 g as the answer.  Since it is the F2 that gives us the acceptable answer, we take F2 to be the limiting reactant.

26.
In working out your answer to the previous problem, which reactant did you find to be the limiting reactant?




a) N2



b) F2    see above   

27.
For the reactant that you identified as the excess reactant in problem 25, how many grams of it will remain in the reaction vessel when the reaction is over, assuming complete reaction?




a) 0.102 g


b) 0.236 g


c) 0.406 g



d) 0.673 g


e) 0.794 g

Method 1:  A conservation of mass approach

Before the reaction takes place, you have 1.254 g of N2 and 3.451 g of F2(no NF3 is present in the beginning). So the total system mass is 

1.254 g  +  3.451 g  =  4.705 g

The total mass of reactants is 4.705 g, but they make only 4.299 g of product.  Since mass can not vanish into nothing, the “missing mass” must be the mass of the excess reactant (N2) that is left over at the end of the reaction.

4.705 g  -  4.299 g  =  0.406 g

Method 2:  A stoichiometry approach

In this method, you calculate the mass of N2 that is required to react with 3.451 g of F2.  Then you subtract this mass from the mass of N2 that was initially present to find the mass that will be left over.
               1 mol F2       1 mol N2      28.02 g N2 
3.451 g F2  x  ----------  x  --------  x  -----------  =  0.848 g N2 
               38.00 g F2     3 mol F2       1 mol N2       (used)

1.254 g  -  0.848 g  =  0.406 g

available    used         remaining

Method 3:  ICE Table (a “souped-up” conservation of mass approach)

In this method, you use the known starting masses of reactants, your knowledge of which reactant is limiting, and the theoretical yield to fill out a table listing all the initial masses, their changes, and their ending values.  The equations I + C = E and TOTAL = N2 + F2 + NF3 apply here.

	
	N2
	F2
	NF3
	TOTAL

	Initial
	1.254 g
	3.451 g
	0.000 g
	4.705 g

	Change
	-0.848 g
	-3.451 g
	+4.299 g
	0.000 g

	Ending
	0.406 g
	0.000 g
	4.299 g
	4.705 g


The entries shown in bold (-0.848 g and 0.406 g) were calculated using the ICE table equations.  The other numbers are known from the reactant masses, limiting reactant, and theoretical yield. 

28.
 If you obtain 1.048 g of NF3 from the reaction in problem 25, what is the percent yield of the reaction?



a) 18.47%


b) 24.38%


c) 30.65%




d) 41.05%


e) 70.19%

                         actual yield                1.048 g
percent yield = 100% x ------------------ = 100%  x  -------  =  24.38%  
                       theoretical yield             4.299 g

29.
The reaction



2H2O2(aq)   ---------->   2H2O(l)   +   O2(g)



is an example of what kind of reaction?




a) combination

b) decomposition

c) displacement




d) metathesis

A single substance makes 2 substances so this is a decomposition.

30.
The reaction 




Al(s)   +   3AgNO3(aq)   ---------->   Al(NO3)3(aq)   +   3Ag(s)


is an example of what kind of reaction?




a) combination

b) decomposition

c) displacement



d) metathesis

Aluminum replaces silver in a compound.  This is a displacement, also known as single replacement.

31.
The reaction




2Zn(s)   +   O2(g)   ---------->   2ZnO(s)



is an example of what kind of reaction?




a) combination

b) decomposition

c) displacement




d) metathesis

Two substances make a single substance, so this is a combination, also known as synthesis.

32.
The reaction



2NaOH(aq)   +   CaCl2(aq)   ---------->   2NaCl(aq)   +   Ca(OH)2(s)



is an example of what kind of reaction?




a) combination

b) decomposition

c) displacement




d) metathesis
Cations and anions are exchanged, so this is a metathesis, also known as a double replacement. 

33.
The reaction



Mg(s)   +   CuCl2(aq)   ---------->   MgCl2(aq)   +   Cu(s)



is an example of what kind of reaction?




a) combination

b) decomposition

c) displacement



d) metathesis

Magnesium replaces copper in a compound, so this is a displacement, also known as a single replacement.

34.
The reaction




(NH4)2CO3(s)   ---------->   2NH3(g)   +   CO2(g)   +   H2O(l)



is an example of what kind of reaction?




a) combination

b) decomposition

c) displacement




d) metathesis

A single substance makes 3 substances, so this is a decomposition.

35.
The reaction




AgNO3(aq)   +   NaI(aq)   ---------->   AgI(s)   +   NaNO3(aq)



is an example of what kind of reaction?




a) combination

b) decomposition

c) displacement




d) metathesis
Cations and anions are exchanged, so this is a metathesis, also known as a double replacement.

36.
The reaction




NH3(g)   +   HCl(g)   ---------->   NH4Cl(s)



is an example of what kind of reaction?




a) combination

b) decomposition

c) displacement




d) metathesis

Two substances make a single substance, so this is a combination, also known as synthesis.

37.
Which of the following is a displacement reaction?



a)   H2CO3(aq)   ---------->   H2O(l)   +   CO2(g)
decomposition



b)   2Mg(s)   +   O2(g)   ---------->   2MgO(s)

combination



c)   Fe(s)   +   2HCl(aq)   ---------->   FeCl2(aq)   +   H2(g)
displacement



d)   Pb(NO3)2(aq)   +   2NaCl(aq)   ---------->   2NaNO3(aq)   +   PbCl2(s)
metathesis



e)   None of these is a displacement reaction

The reactions above have been labeled for you.  Choice c is a displacement.


38.
Which of the following is a combination reaction?



a)   2KClO3(s)   ---------->   2KCl(s)   +   3O2(g)
decomposition



b)   CaBr2(aq)   +   K2CO3(aq)   ---------->   CaCO3(s)   +   2KBr(aq)
metathesis



c)   C(gr)   +   FeO(s)   ---------->   CO(g)   +   Fe(s)

displacement



d)   4NaHSO3(s)   ---------->   S(s)   +  SO2(g)   +   2Na2SO4(s)   +   2H2O(l)  decomposition   




e)   None of these is a combination reaction
The reactions above have been labeled for you.  None of the reactions shown here is a combination (or synthesis), making choice e the correct answer.

39.
The following reaction is known to occur:




Fe(s)   +   SnCl2(aq)   ---------->   FeCl2(aq)   +   Sn(s)


Which metal is more reactive, iron or tin?




a) iron



b) tin

In a displacement (or single replacement) reaction, a more reactive element replaces a less reactive element in a compound.  A less reactive element can NOT replace a more reactive element.  Given that the above reaction occurs, we conclude that iron is more reactive than tin.  Iron replaces tin, so that tin(II) chloride becomes iron(II) chloride.

40.
The following reaction is known NOT to occur:




Au(s)   +   AlF3(aq)   -----X----->   AuF3(aq)   +   Al(s)


Which metal is more reactive, aluminum or gold?




a) aluminum


b) gold

If the above reaction occurred, it would involve gold replacing aluminum in a compound.  But this reaction does not occur, so gold does NOT replace aluminum.  This means that gold is less reactive than aluminum, since a less reactive element can not replace a more reactive element.  If gold is less reactive, then aluminum is the more reactive element.

41.
Given that magnesium is more reactive than zinc, would the following reaction be expected to occur?



Zn(s)   +   MgCl2(aq)   -----?----->   ZnCl2(aq)   +   Mg(s)




a) Yes.  This reaction should occur.




b) No.  This reaction should not occur.
If this reaction occurred, it would involve zinc replacing magnesium in a compound.  Since zinc is less reactive than magnesium, zinc should not be able to replace magnesium in a compound.  Therefore, this reaction should not occur.

42.
Sodium carbonate is __________ in water.



a) soluble


b) insoluble
All sodium salts are soluble in water.  Although most carbonate salts are insoluble in water, sodium carbonate is an exception.

43.
AgCl is __________ in water.




a) soluble


b) insoluble
Although most chloride salts are soluble in water, silver(I) chloride is an exception.

44.
Ammonium phosphate is __________ in water.



a) soluble


b) insoluble

All ammonium salts are soluble in water.  Although most phosphate salts are insoluble, ammonium phosphate is an exception.

45.
CaBr2 is __________ in water.




a) soluble


b) insoluble

Most bromide salts are soluble in water, and calcium bromide is no exception.

46.
Strontium sulfate is __________ in water.



a) soluble


b) insoluble
Although most sulfate salts are soluble in water, strontium sulfate is one of the exceptions.

47.
What will happen if aqueous solutions of calcium iodide and sodium nitrate are mixed?




a) No precipitate will form.



b) A precipitate of calcium nitrate will form.




c) A precipitate of sodium iodide will form.




d) Both calcium nitrate and sodium iodide will form as precipitates.

Since the two reactants are ionic compounds, the most likely reaction – if there is going to be a reaction – is an exchange of cations and anions.  It may be helpful to start with a “word equation”, in which we predict the possible products by exchanging the cations and anions.

calcium         sodium           calcium          sodium
           +              (                 +

iodide          nitrate          nitrate          iodide 

Next, we write a proper chemical formula for each chemical name.  The result is

CaI2       +     NaNO3    (       Ca(NO3)2    +     NaI

Notice that a correct chemical formula is written for each substance, even if this does not balance the equation.  We can not choose to write sodium iodide as NaI2 just because that would balance the iodine atoms.  We always balance an equation by adjusting coefficients, never subscripts.  We can put a 2 in front of NaI on the right hand side of the equation to balance the iodine atoms.  Since doing this also gives us 2 sodium atoms on the right hand side, we must put a coefficient of NaNO3 on the left hand side to balance sodium atoms.  Not only does this balance the sodium atoms, but it also brings the nitrate (NO3-) groups into balance.  So the balanced equation is
CaI2       +     2NaNO3   (       Ca(NO3)2    +    2NaI

Finally, we must provide phase labels for all substances in the equation.  Ionic compounds will appear either as solids or in aqueous solution.  If they are soluble in water, they get the (aq) label, and if they are insoluble in water, they get the (s) label.  The water solubility rules we have learned tell us that all sodium compounds and all nitrates are soluble in water.  Most iodides are also soluble, with the only common exceptions being AgI, PbI2 and Hg2I2.  Therefore, everything in the above equation is soluble in water, so all substance get the (aq) label.

CaI2(aq)   +    2NaNO3(aq)    (    Ca(NO3)2(aq)   +   2NaI(aq)

The above complete formula equation (or “molecular” equation) shows that no solids form in the reaction.  Therefore, there is no precipitate.  Recall that a precipitate is a water-insoluble compound. 

48.
When the solutions in the previous problem are mixed, which ions are spectator ions?




a) Ca2+, NO3-


b) Na+, I-


c) Ca2+, Na+, NO3-, I-



d) None of the ions are spectator ions
Take the complete formula equation from the previous problem and dissociate the water-soluble ionic compounds (which is this case, is all of them) to obtain the ionic equation.  Ions that appear on both sides of the ionic equation are spectator ions.

CaI2(aq)   +    2NaNO3(aq)    (    Ca(NO3)2(aq)   +   2NaI(aq)

Splitting these up, we have

Ca2+(aq) + 2I-(aq) + 2Na+(aq) + 2NO3-(aq) ( Ca2+(aq) + 2NO3-(aq) + 2Na+(aq) + 2I-(aq)
Since all ions are present on both sides of the equation, they are all spectator ions.  This will happen whenever all the ionic compounds are water-soluble.  There is no net ionic equation because after we cancel out all of the spectator ions, there is nothing left to write down.

49.
In the reaction



AgNO3(aq)   +    KOH(aq)   ---------->   AgOH(s)   +   KNO3(aq)



which ions are spectator ions?




a) Ag+, OH-


b) K+, NO3-


c) Ag+, K+, OH-, NO3- 




d) None of the ions are spectator ions

Take the complete formula equation (or “molecular” equation) and split all of the water-soluble ionic compounds.  This gives the following ionic equation:

Ag+(aq) + NO3-(aq) + K+(aq) + OH-(aq) ( AgOH(s) + K+(aq) + NO3-(aq)

The ions K+ and NO3- appear on both sides of this equation.  Therefore, K+ and NO3- are the spectator ions.

50.
What net ionic equation is obtained from the complete formula equation in the previous problem?



a)  Ag+(aq)  +  OH-(aq)  ---------->  AgOH(s)




b)  K+(aq)  +  NO3-(aq)  ---------->  KNO3(aq)




c)  Ag+(aq)  +  NO3-(aq)  +  K+(aq)  +  OH-(aq)  ---------->  AgOH(s)  +  KNO3(aq)




d)  Ag+(aq)  +  NO3-(aq)  +  K+(aq)  +  OH-(aq)  ---------->  AgOH(s)  +  K+(aq)  +  NO3-(aq)




e)  There is no net ionic equation for this complete formula equation.

Starting from the ionic equation in the previous problem,

Ag+(aq) + NO3-(aq) + K+(aq) + OH-(aq) ( AgOH(s) + K+(aq) + NO3-(aq)

cancel out the spectator ions (K+ and NO3-) to leave the following net ionic equation:

Ag+(aq)  +  OH-(aq)  (  AgOH(s)
***   END   OF   EXAM   3   ***
