AP Chemistry 6: Stoichiometry 
Name __________________________

A.
Chemical Reactions (3.1-3.4, 3.7)

1.
chemical equation

[image: image1]a.
coefficients and subscripts

1 H2O
subscript refers to # of
atom that precedes it

2 H2O

coefficient refers to # of




molecules that follow

b.
reactants and products

1.
one directional reaction: reactants  products

2.
equilibrium reaction: "reactants"  "products"

c.
conservation of atoms (mass)—Dalton's Theory


[image: image5.emf]
 CH4(g)     +   2 O2(g)             CO2(g)      +  2 H2O(g)

  1 C                 4 O                      1 C                   4 H

  4 H                                             2 O                   2 O    

(16 g)       +    (64 g)        =        (44 g)         +     (36 g)
2.
types of chemical reactions
a.
non-aqueous reactions

	Type
	Example

	combination
	2 Mg(s) + O2(g)  2 MgO(s)

	decomposition
	CaCO3(s)  CaO(s) + CO2(g)

	combustion
	C5H12(l) + 8 O2(g)  5 CO2(g) + 6 H2O(g)


b.
aqueous reactions

1.
ionic compounds in solution exist as separate ions  MX(aq) is M+(aq) + X-(aq)
2.
usually one ion in a compound is unreacted

a.
unreacted ion = "spectator ion"

b.
usually column 1 cations or NO3-
3.
"net ionic" equation excludes spectator ions

4.
don't write (aq) for ions or (l) for H2O

	Type
	Example

	electron exchange
	Zn(s) + 2 HCl(aq)  ZnCl2(aq) + H2(g)

	(net ionic)
	Zn(s) + 2 H+  Zn2+ + H2(g)

	ion exchange
	NaCl(aq)+AgNO3(aq)  AgCl(s)+NaNO3(aq)

	(net ionic)
	Cl- + Ag+  AgCl(s)

	proton exchange
	HCl(aq) + NaOH(aq)  H2O(l) + NaCl(aq) 

	(net ionic)
	H+ + OH-  H2O


3.
calculations based on balanced chemical equations

a.
coefficients represent moles of formula units

b.
flow chart

	Given: A
	
	Find: B

	Grams of

Substance A
	
	Grams of

Substance B

	[image: image3.emf]
      MM
	
	[image: image4.emf]
               MM

	Moles of

Substance A
	Coefficients from


balanced equation
	Moles of

Substance B

	
         M
	
	
               M

	Volume of 

Solution A
	
	Volume of 

Solution B


c.
 model calculations


_ g A x 1 mol A x (#) mol B x (MM) g B = _ g B
                  (MM) g A   (#) mol A    1 mol B

_ L A x (M) mol A x (#) mol B x __1 L B__ = _ L B
                       1 L A       (#) mol A    (M) mol B


	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	


4.
limiting reactant and theoretical yield 
a.
definitions

1.
limiting reactant—reactant consumed first 
2.
theoretical yield—maximum product made 
Before reaction
After reaction

[image: image2]
10 H2 + 7 O2
  10 H2O + 2 O2 


H2 is limiting reactant



10 H2O is theoretical yield

2 O2 is excess reactant

b.
procedure
	· calculate moles of each reactant available

· calculate moles of one product based on moles of each reactant  smallest = theoretical yield 

· use theoretical yield for remaining calculations
· excess reactant = mole present – moles used

· percent yield = 100(actual yield/theoretical yield)


B.
Gravimetric Analysis (3.5)

1.
mass percent from formula
	· moles  mass for each element (MM x subscript)

· add masses to get total mass

· mass % = 100(mass part/total mass)


2.
empirical formula

	· convert g (or %)  moles

· divide each mole value by smallest

· multiple by factor to make all whole numbers

· whole numbers become subscripts

· "burning" carbon compounds yield CO2 and H2O

CxHyOz(g) + _ O2(g)  X CO2(g) + Y/2 H2O(g)

· mole C = mole CO2
· mole H = 2 mole H2O
· mole O = (mCxHyOz – mC – mH)/16


3.
molecular formula (given MM)

	· MM/empirical formula mass = constant

· multiple each subscript in empirical formula by constant = molecular formula


C.
Volumetric Analysis (4.6)

1.
make standard solution from stock
	· moles needed: molestandard = MstandardVstandard
· mass of stock powder, m = (molestandard)MM
· volume of stock solution, V = (molestandard)/(Mstock)
(Mstock)(Vstock) = (Mstandard)(Vstandard)

· add to volumetric flask filled ¾ full with distilled water

· dissolve

· add sufficient distilled water to bring volume to total


2.
determine moles of unknown (titration)

	· add standard solution (titrant) to buret

· rinse buret with standard solution

· clear air pockets

· record initial volume (bottom of meniscus)

· add unknown and indicator to flask

· add standard solution until color change (equivalence)  

· touch tip to flask to release hanging drop

· record final volume (bottom of meniscus)

· calculation moles of unknown X
· balance equation to determine molX/molT ratio

· moles of titrant: molT = (MT)(VT)
· moles of unknown: molX = (molT)(molX/molT)
· molar mass of unknown: MMX = mX/molX
· molarity of unknown: MX = molX/VX


	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	


Chemical Reactions
1.
Balance the chemical equations
	2 Na(s) + 1 H2O(l)  2 NaOH(aq) + 1 H2(g)

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

	1 (NH4)2CO3(s)  2 NH3(g) + 1 CO2(g) + 1 H2O(g)

	1 Fe2O3(s) + 3 H2(g)  2 Fe(s) + 3 H2O(l) 

	1 N2H4(g) + 2 H2O2(l)  1 N2(g) + 4 H2O(l)


2.
Complete and balance the chemical equation.

	Combination

	4 Na(s) + 1 O2(g)  2 Na2O(s)

	2 K(s) + 1 I2(s)  2 KI(s)

	2 Zn(s) + 1 O2(g)  2 ZnO(s)

	Decomposition

	1 BeC2O4•3 H2O(s)  1 BeC2O4(s) + 3 H2O(g)

	1 CaCO3(s)  1 CaO + CO2(g)

	Combustion

	1 CH4(g) + 2 O2(g)  1 CO2(g) + 2 H2O(g)

	1 C2H5OH(l) + 3 O2(g)  2 CO2(g) + 3 H2O(g)

	2 HC3H5O2(l) + 7 O2(g)  6 CO2(g) + 6 H2O(g)

	1 C3H8(g) + 5 O2(g)  3 CO2(g) + 4 H2O(g)

	2 C3H7OH(l) + 9 O2(g)  6 CO2(g) + 8 H2O(g)


3.
Complete and balance the chemical equations, and then rewrite them as net ionic equations.
	Electron exchange

	2 Al(s) + 6 HCl(aq)  2 AlCl3(aq) + 3 H2(g)

	2 Al(s) + 6 H+  2_Al3+ + 3 H2(g)

	2 NaBr(aq) + 1 Cl2(g)  2 NaCl(aq) + 1 Br2(l)

	2 Br- + Cl2(g)  2 Cl- + Br2(l)

	Ion exchange

	2 MgCl2(aq) + 1 KOH(aq)  1 Mg(OH)2(s) + 2 KCl(aq)

	Mg2+ + 2 OH-  Mg(OH)2(s)

	1 BaCl2(aq) + 1 Na2SO4(aq)  1 BaSO4(s) + 2 NaCl(aq)

	Ba2+ + SO42-  BaSO4(s)

	1 Ni(NO3)2(aq) + 1 Na2S(aq)  1 NiS(s) + 2 NaNO3(aq)

	Ni2+ + S2-  NiS(s)

	Proton Exchange

	1 H2SO4(aq) + 2 KOH(aq)  2 H2O(l) + 1 K2SO4(aq)

	H+ + OH-  H2O

	2 HBr(aq) + 1 Sr(OH)2(aq)  2 H2O(l) + Sr(Br)2(aq)

	H+ + OH-  H2O


4.

CH4(g) + 2 O2(g)  CO2(g) + 2 H2O(l).  

How many grams of O2 react with 3.87 g of CH4?
	3.87 g CH4 x 1 mol CH4 x 2 mol O2 x 32 g O2 = 15.5 g O2

                       16 g CH4    1 mol CH4  1 mol O2


5.

Fe2O3(s) + 3 H2(g)  2 Fe(s) + 3 H2O(l) 

How many liters of H2 (d = 0.816 g/L) are needed to produce 10.0 g Fe?
	10.0 g Fe x 1 mol x 3 mol H2 x 2.00 g x  1 L  = 0.665 L H2 
                  55.8 g   2 mol Fe    1 mol   0.816 g


6.


2 Al(s) + 6 HCl(aq)  2 AlCl3(aq) + 3 H2(g)

How many L of 3.00 M HCl are needed to react 25.0 g Al?

	25.0 g Al x 1 mol Al x 6 mol HCl x 1 L HCl = 0.926 L HCl

                    27.0 g       2 mol Al     3.00 mol


7.

2 K(s) + I2(s)  2 KI(s)


How many grams of KI are produced when 6.03 g K react?

	6.03 g K x 1 mol K x 2 mol KI x 166 g KI  = 25.6 g KI
               39.1 g K    2 mol K    1 mol KI


8.

MnO2(s) + 2 Cl-(aq) + 4 H+(aq)  Mn2+(aq) + Cl2(g) + 2 H2O(l) 

How many grams of MnO2 are required to produce 1.20 L of Cl2 gas (d = 1.83 g/L)?

	1.20 L Cl2 x 1.83 g Cl2 x 1 mol Cl2 x 1 mol MnO2 x 86.9 g MnO2 = 2.69 g
                     1 L Cl2      71.0 g Cl2     1 mol Cl2        1 mol MnO2


9.

2 Na(s) + H2O(l)  2 NaOH(aq) + H2(g)
What is the molarity of NaOH when 25.0 g of Na is added to 1.00 L H2O?

	25.0 g Na x 1 mol Na x 2 mol NaOH = 1.09 M NaOH

     1 L        23.0 g Na     2 mol Na


10.

SrCl2(aq) + CuSO4(aq)  SrSO4(s) + CuCl2(aq)


What volume of 0.750 M CuSO4 is required to react with 25.0 mL of 0.800 M SrCl2?

	.0250 L Sr..x .800 mol Sr..x1 mol Cu..x1 L Cu..=.0267 L Cu..

                        1 L Sr..      1 mol Sr.. .750 mol Cu..


11.

Ba2+(aq) + SO42-(aq)  BaSO4(s)


What is the percent of Ba2+ in 9.00 g ore if all of it reacts with 23.2 mL of 0.150 M of Na2SO4 according to the reaction?  
	0.0232 L SO42- x 0.150 mol SO42- x 1 mol Ba2+ x 137 g Ba = .477 g Ba

                                1 L SO42-         1 mol SO42-    1 mol Ba

0.477 g Ba/9.00 g Ore x 100 = 5.30 %


12.

6 Fe2+ + Cr2O72- + 14 H+  6 Fe3+ + 2 Cr3+ + 7 H2O

What is the percent Fe2+ in 1.50 g of ore if all of it reacts with 35.3 mL of 0.0500 M K2Cr2O7 according to the reaction?

	.0353 L Cr2O72- x .050 mol Cr2O72- x 6 mol Fe2+ = .0106 mol 
                                1 L Cr2O72-      1 mol Cr2O72-
0.0106 mol Fe x 55.8 g Fe = .591 g Fe x 100 = 39.4 %
                           1 mol Fe    1.50 g Ore


13.

N2(g) + 3 H2(g)  2 NH3(g)

1.26 g of N2 reacts with 0.300 g H2 forming 0.874 g of NH3. 
a.
What is the limiting reactant?

	1.26 g N2 x 1 mol N2 x 2 mol NH3 x 0.0900 mol NH3
                   28.0 g N2       1 mol N2
0.300 g H2 x 1 mol H2 x 2 mol NH3 x 0.0990 mol NH3
                     2.02 g H2       3 mol H2


b.
What is the theoretical yield?
	0.0900 mol NH3 x 17.0 g NH3/1 mol NH3 = 1.53 g NH3


c.
What is the percent yield?
	0.874 g/1.53 g x 100 = 57.1 %


14.

N2H4(g) + 2 H2O2(l)  N2(g) + 4 H2O(l)

2.69 g of N2H4 reacts with 3.14 g of H2O2.  Determine the

a.
limiting reactant.  

	2.69 g N2H4 x 1 mol N2H4 x 1 mol N2 = 0.0841 mol N2

                      32.0 g N2H4  1 mol N2H4

3.14 g H2O2 x 1 mol H2O2 x 1 mol N2 = 0 .0462 mol N2 
                      34.0 g H2O2  2 mol H2O2


b.
mass of N2, H2O, N2H4 and H2O2 after the reaction.

	H2O2 is limiting reactant  0 g H2O2
0.0462 mol N2 x 28.0 g N2/1 mol N2 = 1.29 g N2
0.0462 mol N2 x 4 mol H2O x 18.0 g H2O = 3.33 g H2O

                             1 mol N2     1 mol H2O

0.0462 mol N2 x 1 mol N2H4 x 32.0 g N2H4 = 1.48 g N2H4

                             1 mol N2     1 mol N2H4

2.69 g N2H4 – 1.48 g N2H4 = 1.21 g N2H4 remain


15.

2 NH3(g) + H2S(g)  (NH4)2S(s)


How many grams of NH3, H2S and (NH4)2S are present after 6.84 g of NH3 reacts with 4.13 g of H2S?
a.
What is the Theoretical yield of (NH4)2S(s)? 
	6.84 g NH3 x 1 mol NH3 x 1 mol (NH4)2S = 0.201 mol

                     17.0 g NH3        2 mol NH3
4.13 g H2S x 1 mol H2S x 1 mol (NH4)2S = 0 .121 mol 
                     34.1 g H2S      1  mol H2S


b.
What is the mass of (NH4)2S(s) produced? 
	0.121 mol (NH4)2S x 68.2 g (NH4)2S  = 8.25 g (NH4)2S
                                  1 mol (NH4)2S


c.
What is the mass of excess reactant remaining?
	0.121 mol (NH4)2S x 2 mol NH3 x 17 g NH3 = 4.11 g (NH4)2S
                               1 mol (NH4)2S 1 mol NH3
6.84 g NH3 – 4.11 g NH3 = 2.73 g NH3 remaining


16. 

4 Fe(s) + 3 O2(g)  2 Fe2O3(s)


75.0 g of Fe is mixed with 11.5 L of O2 (d = 3.48 g/L). Calculate the mass of Fe2O3 produced.

	75.0 g Fe x 1 mol Fe x 2 mol Fe2O3 = 0.672 mol Fe2O3

                  55.8 g Fe       4 mol Fe

11.5 L O2 x 3.48 g x 1 mol x 2 mol = 0.834 mol Fe2O3

                     1 L       32.0 g   3 mol
0.672 mol Fe2O3 x 160. g Fe2O3/1 mol = 108 g Fe2O3


17.

2 FeCl3(aq) + 3 BaS(aq)  Fe2S3(s) + 3 BaCl2(aq)

200. mL of 0.600 M FeCl3 is added to 150. mL of 0.500 M BaS.  Determine the 

a.
moles of FeCl3 and BaS initially present.

	0.200 L FeCl2 x 0.600 mol/1 L = 0.120 mol FeCl3
0.150 L BaS x 0.500 mol/1 L = 0.0750 mol BaS


b.
limiting reactant.

	0.120 mol FeCl2 x 1 mol Fe2S3 = 0.0600 mol Fe2S3
                              2 mol FeCl3
0.0750 mol BaS x 1 mol Fe2S3 = 0.0250 mol Fe2S3
                               3 mol BaS


c.
grams of Fe2S3(s) produced.

	0.0250 mol Fe2S3 x 208 g Fe2S3 = 5.20 g Fe2S3
                                1 mol Fe2S3


d.
moles of each ion initially in solution.
	0.120 mol FeCl3  0.120 mol Fe3+, 0.360 mol Cl-
0.0750 mol BaS 0.0750 mol Ba2+, 0.0750 mol S2-


e.
moles of Fe3+ and S2- used to make Fe2S3.

	0.0250 mol Fe2S3 0.0500 mol Fe3+, 0.0750 mol S2-


f.
molarity of each ion remaining in solution.

	[Fe3+]: (0.120 – 0.0500)mol/0.350 L = 0.200 M

[Cl-]: 0.360 mol/0.350 L = 1.03 M

[Ba2+] = 0.0750 mol/.350L = 0.214 M

[S2-]: (0.0750 – 0.0750) mol/0.350 L = 0 M


18.

Ca(NO3)2(aq) + Li2CO3(aq)  CaCO3(s) + 2 LiNO3(aq)
300. mL of 0.500 M Ca(NO3)2 + 200. mL of 0.500 M Li2CO3  
a.
What are the initial moles of compound?

	0.300 L x 0.500 mol/L = 0.150 mol Ca(NO3)2 

0.200 L x 0.500 mol/L = 0.100 mol Li2CO3


b.
What is the limiting reactant?

	.150 mol Ca(NO3)2 x 1 mol CaCO3 = .150 mol CaCO3
                                  1 mol Ca(NO3)2
.100 mol Li2CO3 x 1 mol CaCO3 = .100 mol CaCO3 

                             1 mol Li2CO3
 Li2CO3


c.
How many grams of CaCO3(s) are produced?

	0.100 mol CaCO3 x 100 g CaCO3 = 10.0 g CaCO3
                                1 mol CaCO3


d.
How many moles of each ion are initially in solution?

	0.150 mol Ca(NO3)2 0.150 mol Ca2+, 0.300 mol NO3-0.100 mol Li2CO3 0.200 mol Li2+, 0.100 mol CO32-


e.
How many moles of Ca2+ and CO32- react?

	0.100 mol CaCO3 0.100 mol Ca2+, 0.100 mol CO32-


f.
What are the molarities of ions remaining in solution?
	[Ca2+]: (0.150 – 0.100)mol/0.500 L = 0.100 M 

[NO3-]: 0.300 mol/0.500 L = 0.600 M
[Li+]: 0.200 mol/0.500 L = 0.400 M

[CO32-]: (0.100 – 0.100)mol/0.500 L = 0 M



Percent Yield of CO2 Gas Lab (Wear Goggles)
19.
Mass 0.6 g NaHCO3 and record its mass (m) to the nearest 0.001 g. Add the NaHCO3 to the flask and ½ fill the pipet with 6 M HCl. Assemble the gas generating apparatus. React all of the NaHCO3. Measure the volume of water remaining in the bottle (V1) and the capacity of the gas collecting bottle (V2). Measure the water temperature (T).  Record the room pressure (Plab) and look up the water vapor pressure (PH2O).

a.
Record the collected data.
	m

(g)
	V1

(mL)
	V2
(mL)
	T

(oC)
	Plab

(torr)
	PH2O

(torr)

	
	
	
	
	
	


b.
Calculate the following for the CO2 gas.

	P (atm)
	V (L)
	T (K)

	
	
	


c.
Determine the moles of CO2 produced based on the mass of NaHCO3 reacted (limiting reactant).
HCO3- + H+  H2O + CO2(g)

	


d.
Determine the theoretical volume of CO2 produced at lab conditions based on moles of CO2 reacted.
	


e.
Determine the % yield of CO2 gas from the actual volume collected and the theoretical volume.
	


f.
Suggest a possible reason why the yield was less than 100 %.
	


Gravimetric Analysis

20.
What are the mass percentages of each element in KMnO4?
	39.1 g + 54.9 g + 4(16.0) g = 158 g
K: 39.1 g/158 g x 100 = 24.7 %

Mn: 54.9/158 g x 100 = 34.7 %

O: 64.0 g/158 g x 100 = 40.5 %

24.7 % + 34.7 % + 40.5 % = 99.9 %


21.
a.
Calculate the mass percent of each element in Al2O3.  

	% Al: 2(27.0)/[2(27.0) + 3(16.0)] x 100 = 52.9 %
% O = 100 % - % Al = 100 – 52.9 = 47.1 %


b.
How much Al can be obtained from 32.0 g of Al2O3? 

	32.0 g  Al2O3 x 52.9 g Al/100 g Al2O3 = 16.9 g


22.
A mixture of sulfur and iron has a mass of 13.6841 g.  A magnet separates the iron, which has a mass of 0.286 g. 
a.
What is the mass of the sulfur?

	mS = mmixture – mFe
mS = 13.6841 g – 0.286 g = 13.398 g


b.
What is the mass percent of sulfur?

	13.398/13.6841 x 100 = 97.909 %


23. 
Concentrated nitric acid (HNO3) is 70.8 % by mass and has a density of 1.42 g/mL.  

a.
How many moles of HNO3 are in 100 g of solution?

	70.8 g HNO3 x 1 mol/63.0 g = 1.12 mol HNO3


b.
What is the volume of 100 g of solution?

	100 g solution x 1 mL/1.42 g = 70.4 mL


c.
What is the molarity of the solution?

	1.12 mol HNO3/0.0704 L = 15.9 M



24.
What is the formula of compound that is 31.9% K, 29.0% Cl, and 39.2% O?
	31.9 g K x 1 mol/39.1 g = 0.816 mol 0.816 = 1

29.0 g Cl x 1 mol/35.5 g = 0.817 mol 0.816 = 1

39.2 % O x 1 mol 16.0 g = 2.45 mol 0.816 = 3 
 KClO3


25.
A compound is made up of C, Cl, and O. It is 12.1% C and 70.9% Cl by mass. What is its empirical formula?

	12.1 g C x 1 mol/12.0 g = 1.01 mol

70.9 g Cl x 1 mol/35.5 g = 2.00 mol

(100.0 – 12.1 – 70.9)g x 1 mol/16.0 g = 1.06 mol  CCl2O


26.
A sample of compound contains 78.2 g K and 32.1 g S.  What is its formula?
	78.2 g K x 1 mol/39.1 g = 2.00 mol K
32.1 g S x 1 mol/32.1 g = 1.00 mol S 
 K2S


27.
A compound is made up of 16.9 g of sodium, 11.8 g of sulfur, and 23.6 g of oxygen. What is its empirical formula?

	16.9 g Na x 1 mol/23.0 g = 0.735 mol 0.368 = 2

11.8 g S x 1 mol/32.1 g = 0.368 mol 0.368 = 1

23.6 g O x 1 mol/16.0 g = 1.48 mol 0.368 = 4
 Na2SO4


28.
1.08 g of a compound containing C and S burns in air and generates 0.627 g CO2.  What is its empirical formula?

	0.627 g CO2 x 12.0 g C/44.0 g CO2 = 0.171 g C

1.08 g compound – 0.171 g C = 0.909 g S

0.171 g C x 1 mol/12.0 g = 0.0143 mol 0.0143 = 1 

0.909 g S x 1 mol/32.1 g = 0.0283 mol 0.0143 = 2 
 CS2


29.
1.500 g of compound containing only C, H and O is burned in excess of oxygen.  1.433 g of CO2 and 0.582 g of H2O are produced.  What is the empirical formula?

	1.433 g CO2 x 12.0 g C/44.0 g CO2 = 0.391 g C

0.582 g H2O x 2.0 g H/18.0 g H2O = 0.0647 g H

0.391 g C x 1 mol/12.0 g = 0.0326 mol C

0.0647 g H x 1 mol/1.01 g = 0.0641 mol H

(1.500 – 0.391 – 0.0647)g x 1 mol/16.0 g = 0.0653 mol O


 CH2O2


30.

What is the molecular formula of a compound that has the empirical formula, CH3O, and a molecular mass of 62.0 g/mol?

	CH3O = 31.0 g and 62.0/31.0 = 2  C2H6O2


31.
Benzene has the empirical formula of CH and a molecular mass of 78.0 g/mol.  What is its molecular formula? 

	CH = 13.0 g and 78.0/13.0 = 6  C6H6


32. 
A compound contains the elements C, H, N, and O.  

a.
When a 1.2359 g sample is burned in excess oxygen, 2.241 g of CO2 and 0.5781 g H2O are formed. 

(1)
Determine the mass of C and H in the sample.

	2.241 g CO2 x 12.011 g C/44.01 g CO2 = 0.6116 g C
0.5781 g H2O x 2.02 g H/18.02 g H2O = 0.0648 g H


(2)
The mass percent of N is found to be 28.84%.  Determine the mass of N in the 1.2359 g sample.

	1.2359 g sample x 28.84 g N/100 g sample = 0.3564 g N


(3)
Determine the mass of O in the 1.2359 g sample.

	mO = msample – (mH + mC + mN) 
mO = 1.2359 – (0.0648 + 0.6116 + 0.3564) = 0.2031 g


b.
Determine the empirical formula of the compound.

	0.6116 g C x 1 mol/12.01 g = 0.05092/0.01269 = 4.0 mol C

0.0648 g H x 1 mol/1.01 g = 0.06429/0.01269 = 5.0 mol H

0.3564 g N x 1 mol/14.01 g = 0.02544/0.01269 = 2.0 mol N

0.2031 g O x 1 mol/16.00 g = 0.01269/0.01269 = 1.0 mol O

 empirical formula is C4H5N2O


c.
The molecular mass of the compound is approximately 300 g/mol.  Determine the molecular formula.

	mempirical formula = 4(12.0 g) + 5(1.0 g) + 2(14.0 g) + 16.0 = 97 g300 g/97 g  3  molecular formula = C12H15N6O3



33. 
75.0 g of Fe reacts with 11.5 L of O2 (d = 3.48 g/L) according to the reaction: 4 Fe(s) + 3 O2(g)  2 Fe2O3(s)

a.
Calculate the initial moles of Fe(s) and O2(g). 

	75.0 g Fe x 1 mol/55.8 g = 1.34 mol Fe
11.5 L x 3.48 g/1 L x 1 mol/32.0 g = 1.25 mol O2


b.
Determine the limiting reactant with calculations.

	1.34 mol Fe x 2 mol Fe2O3/3 mol Fe = 0.670 mol Fe2O3

1.25 mol O2 x 2 mol Fe2O3/3 mol O2 = 0.833 mol Fe2O3

 Fe is limiting reactant (fewer moles of Fe2O3)


c.
Calculate the mass of Fe2O3(s) produced.

	0.670 mol Fe2O3 x 160 g Fe2O3/1 mol Fe2O3 = 107 g Fe2O3


Analysis of a Hydrate Lab (Wear Goggles)
34.
Mass a clean, dry 150-mL beaker (m1). Add a spoonful of hydrated CaSO4 to the beaker and mass the beaker + hydrate (m2). Place the beaker on a hot plate (set at 7) for 15 minutes. Place the beaker on a hot pad to cool. Mass the beaker + anhydrous (m3). Return the beaker to the hot plate for an additional 5 minutes of heating, and then mass it again (m3).  If the beaker loss additional mass, then repeat the heating and massing until you get two masses that are within 0.002 g of each other. 

a.
Record the collected data. 

	m1 (g)
	m2 (g)
	m3 (g)

	
	
	
	
	


b.
Calculate the masses, percentages and moles.

	
	Hydrate
	Anhydrous
	Water

	Mass
	
	
	

	Mass %
	100 %
	
	

	Moles
	
	
	


c.
The formula for hydrated calcium sulfate is CaSO4•X H2O.  Determine the value of X in the formula.

	


Volumetric Analysis
35.
How would you prepare 250. mL of a 0.127 M Ca(OH)2
a.
from powder Ca(OH)2?
	0.250 L x 0.127 mol/1 L x 74.1 g/1 mol = 2.35 g
Add powder to 200 mL of water, dissolve, and then add water to bring the volume to 250. mL.


b.
from 1.00 M Ca(OH)2?
	0.250 L x 0.127 mol/1 L x 1 L/1.00 mol = 0.0318 L

Add 31.8 mL of 1.00 M Ca(OH)2 to a 250. mL volumetric flask and then add water to bring the volume to 250. mL.


36.
You are asked to make 100. mL of a 0.125 M NaHCO3.
a.
What mass of powder NaHCO3 would you need?
	0.100 L x 0.125 mol/1 L x 84.0 g/1 mol = 1.05 g


b.
What volume of 3.00 M NaHCO3 would you need?
	0.100 L x 0.125 mol/1 L x 1 L/3.00 mol = 0.00417 L


37.
a.
How many liters of 0.487 M NaOH is needed to make 0.100 L of a 0.200 M solution? 

	0.100 L x 0.200 mol/1 L x 1 L/0.487 mol = 0.0411 L


b.
What is the molarity of a solution when water is added to 25.0 mL of 0.400 M HNO3 to make 75.0 mL?
	0.0250 L x 0.400 mol/1 L = 0.0100 mol

0.0100 mol/0.0750 L = 0.133 M


38.
What is the molarity of a solution that contains 73.2 g of NH4NO3 in 0.835 L of solution?

	73.2 g NH4NO3 x 1 mol NH4NO3 = 0.915 mol = 1.10 M

                            80.0 g NH4NO3      0.835 L


39.
Consider a 0.250 M solution of Na2SO4.

a.
What volume contains 0.700 moles Na2SO4? 

	0.700 mol Na2SO4 x 1 L/0.250 mol Na2SO4 = 2.80 L


b.
How many grams of Na2SO4 are in 0.800 L of solution? 

	0.800 L x 0.250 mol/1 L x 142 g/1 mol = 28.4 g Na2SO4


c.
What volume contains 157 g of Na2SO4?
	157 g x 1 mol/142 g x 1 L/0.250 mol = 4.42 L


40.

MgCl2(aq) + Sr(OH)2(aq)  Mg(OH)2(s) + SrCl2(aq)


35.3 mL of 0.125 M MgCl2 react completely with 54.8 mL of the  Sr(OH)2. What is the molarity of Sr(OH)2? 

	.0353 L Mg(Cl)2 x .125 mol Mg.. = 4.41 x 10-3 mol Mg..
                                 1 L Mg..
4.41 x 10-3 mol Mg.. x 1 mol Sr.. = 4.41 x 10-3 mol Sr..

                                    1 mol Mg..

4.41 x 10-3 mol Sr../0.0548 L = 0.0805 M Sr(OH)2


41.

2 HCl(aq) + Sr(OH)2(aq)  SrCl2(aq) + 2 H2O(l)

15.7 mL of 3.00 M Sr(OH)2 react completely with 25.0 mL of the HCl. What is the molarity of HCl?
	.0157 L Sr(OH)2 x 3.00 mol Sr(OH)2 = 0.0471 mol Sr(OH)2
                                  1 L Sr(OH)2
0.0471 mol Sr(OH)2 x 2 mol HCl = 0.0942 mol HCl

                                 1 mol Sr(OH)2
0.0942 mol HCl/0.0250 L = 3.77 M HCl


42. 

BeC2O4•3 H2O(s)  BeC2O4(s) + 3 H2O(g)
a.
Calculate the mass percent of water in the hydrate.
	54.0 g H2O/151 g x 100 = 35.8 % H2O


b.
3.21 g of BeC2O4•3 H2O (s) is heated to remove all the water.  Determine the mass of BeC2O4(s) formed.

	3.21 g Hydrate x 64.2 g BeC2O4 = 2.06 g BeC2O4
                            100 g Hydrate


c.
0.345 g of impure BeC2O4 is dissolved in water and titrated to equivalence with 17.8 mL of 0.0150 M KMnO4(aq) according to the equation:
16 H+ + 2 MnO4- + 5 C2O42-  2 Mn2+ + 10 CO2 + 8 H2O

(1)
How many moles of KMnO4 are used?

	0.0178 L x 0.0150 mol/1 L = 0.000267 mol KMnO4


(2)
What is the mass of BeC2O4 in the sample?

	0.000267 mol Mn... x 5 mol Be... x 96.9 g = 0.0647 g

                                   2 mol Mn... 1 mol Be...


(3)
What is the mass percent of BeC2O4 in the sample?

	0.0647 g BeC2O4/0.345 g sample x 100 = 18.7 %


Molar Mass of an Acid Lab (Wear Goggles)
43.
Part 1 (molarity of standard NaOH solution). Add 1.000 g of KHP (MM = 204 g/mol), 25 mL distilled water and 3 drops phenolphthalein to a clean, 125-ml Erlenmeyer flask. Swirl the mixture to dissolve the KHP. Record the initial volume of NaOH in the buret. Add NaOH drop by drop until the entire solution just turns a pale pink color that persist for 30 s. Record the final volume of NaOH. Don't discard. Add another 1.000 g of KHP. Titrate with the NaOH to the end point and record the initial and final volumes of NaOH. 

a.
Record the data and calculate the values.
	NaOH
	Vinitial
	Vfinal
	V
	Average

	Trial 1
	
	
	
	

	Trial 2
	
	
	
	


b.
Calculate the moles of KHP added (moles = m/MM).
	


c.
Molarity of the NaOH (M = moles/volume).
Part 2 (equivalent mass (EM) of unknown acid) Repeat part 1 procedure, but with 1.000 g of citric acid (a triprotic acid) instead of 1.000 g of KHP.

b.
Record the data and calculate the values.
	
	Trial 1
	Trial 2

	Mass of citric acid
	
	

	NaOH
	Vinitial
	
	

	
	Vfinal
	
	

	
	V
	
	

	Moles NaOH
(MNaOH x VL) 
	
	

	Equivalent Mass
(macid/molNaOH)
	
	

	Average EM
	

	Molar Mass (3 x EM)
	


c.
Citric acid is 37.51 % C, 4.20 % H and 58.29 % O. Determine the molecular formulas for citric acid.  

	37.51 g C x 1 mol/12.0 g = 3.126/3.126 = 1.00 x 6 = 6 mol C

4.20 g H x 1 mol/1.01 g = 4.158/3.126 = 1.33 x 6 = 8 mol H

58.29 g O x 1 mol/16.0 g = 3.643/3.126 = 1.17x 6 = 7 mol O  C6H8O7 . 6(12) + 8(1) + 7(16) = 192  190  C6H8O7


d.
Draw a reasonable Lewis structure for citric acid, which contains 3 COOH groups).

	COOH
|
HOOC–CH2–C–CH2–COOH

|
OH


e.
Determine how each would effect the calculate MM.
	
	Increase
	No effect
	Decrease

	The final rinse was with H2O
	
	
	

	Some acid was not dissolved
	
	
	


Practice Quiz
Multiple Choice (no calculator)
1.

_ Fe2O3 + _ CO  _ Fe + _ CO2

When the equation is balanced and reduced to lowest terms, the coefficient for CO2 is 

(A)
1
(B)
2
(C)
3
(D)
4

	1 Fe2O3 + 3 CO  2 Fe + 3 CO2


2.

1 CH3CH2COOH + _ O2  _ CO2 + _ H2O

How many moles of O2 are required to oxidize 1 mole of CH3CH2COOH according to the reaction above?

(A)
2
(B)
5/2
(C)
3
(D)
7/2
	1 C3H6O2 + 7/2 O2  3 CO2 + 3 H2O


3. 
C3H8 burns in excess oxygen gas.  What is the coefficient for O2 when the equation is balanced with lowest terms?

(A)
4
(B)
5
(C)
7
(D)
10

	C3H8 + 5 O2  3 CO2 + 4 H2O


4. 

CaCO3 + 2 HCl  CaCl2 + CO2 + H2O


What is the mass percent of CaCO3 in a 1.25-g rock that generate 0.44 g of CO2 when reacted with HCl?  

(A)
35 % 
(B)
44 %
(C)
67 %
(D)
80 %

	0.44 g CO2 x 1 mol  x 1 mol CaCO3 x 100 g = 1.00 g = 0.80
                      44 g        1 mol CO2     1 mol     1.25 g 


5. 
8.0 mol of F2 and 1.7 mol of Xe are mixed.  When all of the Xe reacted, 4.6 mol of F2 remain.  What is the formula? 

(A)
XeF
(B)
XeF3
(C)
XeF4 
(D)
XeF6 

	mol F2 reacted: 8.0 mol – 4.6 mol = 3.4 mol F2

mol Xe reacted = 1.7 mol  XeF4



6.
What mass of Ca(NO3)2 contains 24 g of oxygen atoms?

(A) 
164 g
(B) 
96 g
(C) 
62 g
(D) 
41 g

	24 g O x 164 g Ca(NO3)2/96 g O = 41 g


7.
Compounds contain 38 g, 57 g, 76 g, and 114 g of element Q per mole compound. A possible atomic mass of Q is

(A) 
13
(B) 
19
(C)
28
(D) 
38

	Molar mass of Q must be a factor of 38, 76, and 114.

38/19 = 2, 76/19 = 4, 114/19 = 6  19


8.
What is the percent nitrogen by mass in N2O3?

(A) 
18 %
(B) 
22 %
(C) 
36 %
(D) 
45 %

	N: 2(14) = 28 g, O: 3(16) = 48 g

% N = 28/76 = 7/19  1/3


9.
Which formula is 54 % water by mass?

(A)
CaCO3 • 10 H2O
(B) 
CaCO3 • 6 H2O

(C) 
CaCO3 • 2 H2O
(D) 
CaCO3 • H2O

	46 g CaCO3 x 1 mol CaCO3/100 g = 0.5 mol CaCO3

54 g H2O x 1 mol H2O/18 g = 3 mol H2O  6 H2O: 1 CaCO3


10.
Which formula forms 88 g of carbon dioxide and 27 g of water when burned in excess oxygen?

(A) 
CH4
(B) 
C2H2
(C) 
C4H3
(D) 
C4H6
	88 g CO2 x 1 mol C/44 g = 2 mol C

27 g H2O x 2 mol H/18 g H2O = 3 mol H  3 H per 2 C


11.
How many moles of H2O are produced when 0.56 g of C2H4 (MM = 28 g) is burned in excess oxygen?

(A) 
0.04
(B) 
0.06
(C) 
0.08
(D) 
0.4 

	C2H4 + 3 O2  2 CO2 + 2 H2O

0.56 g C2H4 x 1 mol/28g x 2 mol H2O/1 mol = 0.04 mol 


12.

BrO3- + 5 Br- + 6 H+  3 Br2 + 3 H2O


How many moles of Br2 can be produced when 25 mL of 0.20 M BrO3- is mixed with 30 mL of 0.45 M Br-?

(A) 
0.0050
(B) 
0.0081 
(C) 
0.014
(D) 
0.015 

	.025 L x 0.20 mol BrO3-/L x 3 mol Br2/1 mol BrO3- = 0.015

.030 L x 0.45 mol Br-/L x 3 mol Br2/5 mol Br- = 0.0081


13.

3 Ag + 4 HNO3  3 AgNO3 + NO + 2 H2O


If 0.10 mole of silver is added to 10 mL of 6.0 M nitric acid, the number of moles of NO gas that can be formed is 

(A)
0.015
(B) 
0.020 
(C) 
0.033
(D) 
0.045 

	0.010 L x 6 mol HNO3/L x 1 mol NO/4 mol HNO3 = 0.015

0.10 mol Ag x 1 mol/3 mol Ag = 0.033  0.015 mol NO


14. 
What is the simplest formula of a compound that contains 1.10 mol of K, 0.55 mol of Te, and 1.65 mol of O? 

(A)
KTeO 
(B)
KTe2O 
(C)
K2TeO3 
(D)
K2TeO6 

	1.10 mol K/0.55 = 2 mol K

1.65 mol O/0.55 = 3 mol O  K2TeO3


15. 
In which compound is the mass ratio of chromium to oxygen closest to 1.6 to 1.0? 

(A)
CrO3
(B)
CrO2
(C)
CrO
(D)
Cr2O

	Cr: 1.6/52 = 0.03

O: 1.0/16 = 0.06  CrO2


16. 
In which is the mass percent of magnesium closest to 60 %. 

(A)
MgO
(B)
MgS
(C)
MgF2 
(D)
Mg3N2 

	MgO: 24/(24+16) = 6/10, MgS: 24/(24+32) = 3/7 MgF2: 24/(24+38) = 12/31, Mg3N2: 72/(72+28)= 7/10


17. 
A student obtained a percent water in a hydrate that was too small.  Which is the most likely explanation for this? 

(A)
Hydrate spattered out of the crucible during heating

(B)
The anhydrous absorbed moisture after heating. 

(C)
The amount of hydrate sample used was too small. 

(D)
The amount of hydrate sample used was too large.

	% = (mhydrate – manhydrous)/mhydrate x 100  too small % = too large manhydrous (reabsorb H2O increases mass)


18. 

2 N2H4 + N2O4  3 N2 + 4 H2O


What mass of water can be produced when 8.0 g of N2H4 (MM = 32 g) and 9.2 g of N2O4 (MM = 92 g) react? 

(A)
9.0 g
(B)
18 g
(C)
36 g
(D)
7.2 g

	0.25 mol N2H4 x 4 mol H2O/2 mol x 18 g H2O/1 mol = 9.0 g

0.1 mol N2O4 x 4 mol H2O/1 mol x 18 g H2O = 7.2 g


19.
A student wishes to prepare 2.00 L of 0.100 M KIO3 


(MM = 214 g).  The proper procedure is to weigh out 

(A)
42.8 g of KIO3 and add 2.00 kg of H2O

(B)
42.8 g of KIO3 and add H2O to a final volume of 2.00 L

(C)
21.4 g of KIO3 and add H2O to a final volume of 2.00 L

(D)
42.8 g of KIO3 and add 2.00 L of H2O

	2.00 L x 0.100 m KIO3/L x 214 g/mol = 42.8 g

Add 42.8 g to water to dissolve.  Add water to 2.00 L.


20. 
The volume of distilled water that is added to 10 mL of 6.0 M HCI in order to prepare a 0.50 M HCI solution is

(A)
50 mL 
(B)
60 mL
(C)
100 mL
(D)
110 mL

	M1V1 = M2V2  (6.0 mol/L)(0.010 L) = (0.50 mol/L)V2

V2 = 0.120 L (120 mL)  add 110 mL of water.


21.
What volume of 12 M HCl is diluted to obtain 1.0 L of 3.0-M?

(A) 
4.0 mL
(B) 
40 mL 
(C) 
250 mL
(D) 
1,000 mL

	M1V1 = M2V2  (12 mol/L)V1 = (3.0 mol/L)(1.0 L)
V2 = 0.250 L (250 mL)


22. 
400 mL of distilled water is added to 200 mL of 0.6 M MgCI2, what is the resulting concentration of Mg2+? 

(A)
0.2 M 
(B)
0.3 M
(C)
0.4 M
(D)
0.6 M

	0.2 L x 0.6 mol/L = 0.12 mol MgCl2

0.12 mol MgCl2/(0.4 L + 0.2 L) = 0.02 M


23.
When 70. mL of 3.0 M Na2CO3 is added to 30. mL of 1.0 M NaHCO3 the resulting concentration of Na+ is

(A) 
2.0 M
(B) 
2.4 M
(C) 
4.0 M
d. 
4.5 M 

	0.070 L x 3.0 mol/L = 0.21 mol Na2CO3 x 2 = 0.42 mol Na+

0.030 L x 1.0 mol/L = 0.030 mol Na+  .45/.10 = 4.5 M


24.
The mass of H2SO4 (MM = 98 g) in 50 mL of 6.0-M solution

a. 
3.10 g
b. 
29.4 g
c. 
300. g
d. 
12.0 g


	0.050 L x 6.0 mol/L x 98 g/mol = 29.4 g


25. 
What mass of CuSO4• 5 H2O (MM = 250 g) is required to prepare 250 mL of a 0.10 M solution? 

(A)
4.0 g 
(B)
6.3 g
(C)
34 g
(D)
85 g

	0.250 L x 0.10 mol/L x 250 g/mol = 6.25 g


26. 

2 KOH + SO2  K2SO3 + H2O


What mass of SO2 reacts with 1.0 L of 0.25-M KOH?

(A)
4.0 g
(B)
8.0 g
(C)
16 g
(D)
20. g

	1.0 L x 0.25 mol KOH x 1 mol SO2 x 64 g SO2 = 8.0 g

                     1 L            2 mol KOH  1 mol SO2


27.
How many moles Ba(NO3)2 should be added to 300. mL of 0.20-M Fe(NO3)3 to increase the [NO3-] to 1.0 M?

(A) 
0.060
(B) 
0.12 
(C) 
0.24
(D) 
0.30 

	0.3 L x 0.2 mol Fe(NO3)3/1L = 0.06 mol x 3 = 0.18 mol

0.3 L x 1 mol NO3-/1L = 0.3 mol needed  0.06 mol Ba...


28. 

What is the concentration of HC2H3O2 if it takes 32 mL of 0.50-M NaOH solution to neutralize 20. mL of the acid? 

(A)
1.6 M 
(B)
0.80 M
(C)
0.64 M
(D)
0.60 M

	.32 L NaOH x .5 mol/ L x 1 mol HC.../1 mol = .16 mol HC...

0.16 mol HC.../0.020 L = 0.80 M


29. 

2 HCl + Ba(OH)2  BaCl2 + 2 H2O


What volume of 1.5-M HCI neutralizes 25 mL of 1.2-M Ba(OH)2? 

(A)
20. mL 
(B)
30. mL 
(C)
40. mL
(D)
60. mL

	.025 L x .12 mol Ba... x 1 mol HCl x         1L   _    = 0.040 L

                    1 L            1 mol Ba...   .15 mol HCl


30. 
What is the concentration of OH- in a mixture that contains 40. mL of 0.25 M KOH and 60. mL of 0.15 M Ba(OH)2?  

(A)
0.10 M 
(B)
0.19 M
(C)
0.28 M
(D)
0.40 M 

	KOH: .04 L x .25 mol/L = .01 mol, Ba(OH)2: .060 L x .30 mol/ L = .018 mol OH- (.01 + .018)mol/.10 L = .28 M OH-


31. 
What mass of Au is produced when 0.0500 mol of Au2S3 is reduced completely with excess H2? 

(A)
9.85 g 
(B)
19.7 g
(C)
24.5 g
(D)
39.4 g

	0.0500 mol Au2S3 x 2 mol Au x 197 g = 19.7 g

                              1 mol Au2S3


Free Response (calculator)

1.
Complete and balance the chemical equation.

	2 C3H10(g) + 11O2(g)  6 CO2(g) + 10 H2O(g)

	1 C4H9OH(l) + 6 O2(g)  4 CO2(g) + 5 H2O(g)

	1 NH4NO3(s)  1 N2O(g) + 2 H2O(g)

	4 Al(s) + 3 O2(g)  2 Al2O3(s)

	6 Li(s) + 1 N2(g)  2 Li3N(s)


2.
Balance the chemical equations, and then rewrite them as net ionic equations.

	1 Zn(s) + 2 HCl(aq)  1 ZnCl2(aq) + 1 H2(g)

	Zn(s) + 2 H+  Zn2+ + H2(g)

	2 KOH(aq) + 1 NiSO4(aq)  1 Ni(OH)2(s) + 1 K2SO4(aq)

	2 OH- + Ni2+  Ni(OH)2(s)

	1 Ca(NO3)2(aq) + 1 Na2SO4(aq)  1 CaSO4(s) + 2 NaNO3(aq)

	Ca2+ + SO42-  CaSO4(s)

	1 HI(aq) + 1 KOH(aq)  1 H2O(l) + 1 KI(aq)

	H+ + OH-  H2O


3.


Zn(s) + 2 HCl(aq)  ZnCl2(aq) + H2(g)

What volume of 3.00 M HCl is needed to react 125 g Zn?
	125 g Zn x 1 mol Zn x 2 mol HCl x        1 L        = 1.27 L 
                 65.4 g Zn      1 mol Zn  3.00 mol HCl


4.

6 Li(s) + N2(g)  2 Li3N(s)


A mixture of 5.00 g of Li and N2 react.

a.
What is the limiting reactant?
	5.00 g Li x 1 mol Li x 2 mol Li3N = 0.240 mol Li3N
                  6.94 g Li     6 mol Li
5.00 g N2 x 1 mol N2 x 2 mol Li3N = 0.357 mol Li3N
                  28.0 g N2         1 mol N2


b.
How much excess reactant is there?

	0.240 mol Li3N x 1 mol N2 x 28.0 g N2 = 3.36 g N2
                          2 mol Li3N   1 mol N2
 5.00 g N2 – 3.36 g N2 = 1.64 g N2 excess


c.
How many grams of Li3N are formed?

	0.240 mol Li3N x 34.8 g Li3N/1 mol Li3N = 8.36 g Li3N
(5.00 g Li + 3.36 g N2 = 8.36 g Li3N)


d.
If the percent yield is 88.5%, how many grams of Li3N are produced? 

	8.36 g Li3N x 0.885 = 7.40 g Li3N produced


5.
Nicotine, a component of tobacco, is composed of C, H and N.  A 5.250-g sample of nicotine was combusted, producing 14.242 g of CO2 and 4.083 g of H2O.  What is the empirical formula of nicotine?
	14.242 g CO2 x 12 g C/44 g CO2 = 3.884 g C
4.083 g H2O x 2.02 g H/18.0 g H2O = 0.4582 g H
5.250 g Nic – 3.884 g C – 0.4582 g H = 0.908 g N
3.884 g C x 1 mol = 0.324 mol C/0.0648 = 5 mol C
                   12.0 g
0.4582 g H x 1 mol = 0.454 mol H/0.0648 = 7 mol H
                     1.01 g
0.908 g N x 1 mol = 0.0648 mol N/0.0648 = 1 mol N

                   14.0 g
 C5H7N


6. 
Answer the following questions about acetylsalicylic acid. 

a.
What is mass percent of acetylsalicylic acid in a 2.00-g tablet that contains0.325 g acetylsalicylic acid?
	0.325 g acetylsalicylic acid/2.00 g table x 100 = 16.2 %


b.
Acetylsalicylic acid contains H, C and O.  Combustion of 3.00 g yields 1.20 g H2O and 3.72 L of CO2 at 50oC and 1.07 atm, calculate the mass of each element.

	1.20 g H2O x 2.02 g H/18.0 g H2O = 0.134 g H

n = PV/RT 
n = (1.07 atm)(3.72 L)/(0.0821)(323 K) = 0.150 mol CO2 
0.150 mol CO2 x 12.0 g C/1 mol CO2 = 1.80 g C

3.00 g – 0.1343 g – 1.80 g = 1.07 g O


c.
Determine the empirical formula of acetylsalicylic acid.

	1.80 g C x 1 mol/12.0 g = 0.150/0.0669 = 2.25 x 4 = 9 mol C

0.1343 g H x 1 mol/1.008 g = 0.1332/0.0669 = 2 x 4 = 8 mol H

1.07 g O x 1 mol/16.0 g = 0.0669/0.0669 = 1 x 4 = 4 mol O

 empirical formula is C9H8O4


d.
1.625 g of pure acetylsalicylic acid reacts with NaOH.  The reaction requires 88.43 mL of 0.102 M NaOH.
(1)
Calculate the molar mass of the acid. (it takes one mole of acid to react with each mole of NaOH)
	0.08843 L OH- x 0.102 mol OH- x 1 mol HA  = 0.00902 mol
                                    1 L             1 mol OH-
1.625 g/0.00902 mol = 180. g/mol


(2)
What is the molecular formula of the acid?

	mempirical formula = 9(12.0 g) + 8(1.0 g) + 4(16.0 g) = 180 g
180 g/180 g  1  molecular formula = C9H8O4


(3)
Suppose the NaOH buret was rinsed with distilled water resulting in the first few drops of NaOH to be more dilute, how would this affect the calculated value for the equivalent mass of the acid?
	The first few drops of NaOH are diluted  it will take more NaOH to reach equivalence, which results in the calculated moles of acid to be too high and the equivalent mass to be too low.


(4)
Suppose some of the solid acid was left in the weighing cup, how would this affect the calculated value for the equivalent mass of the acid?
	With less acid to neutralize, the volume of NaOH needed to reach equivalence will be too low the calculated moles of acid would also be too low, resulting in a calculated equivalent mass to be too high.


(5)
Suppose 50 mL of distilled water was used to dissolve the acetylsalicylic acid instead of 25 mL as the instructions stated, how would this affect the calculated value for the equivalent mass of acid?
	The amount of water used to dissolve the acid has no effect on volume of NaOH needed to reach equivalence  the calculated equivalent mass would be unaffected..


(6)
Suppose a few extra drops of NaOH were mistakenly added beyond equivalence, how would this affect the calculated value for the equivalent mass of acid?
	Since extra drops of NaOH were added, the volume will be too high  the calculated moles would be too high, resulting in a calculated equivalent mass to be too low. 


Answers (Don't look until after you have tried the problem)

	1
	2 Na(s) + 1 H2O(l)  2 NaOH(aq) + 1 H2(g)

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

	
	1 (NH4)2CO3(s)  2 NH3(g) + 1 CO2(g) + 1 H2O(g)

	
	1 Fe2O3(s) + 3 H2(g)  2 Fe(s) + 3 H2O(l) 

	
	1 N2H4(g) + 2 H2O2(l)  1 N2(g) + 4 H2O(l)

	2
	4 Na(s) + 1 O2(g)  2 Na2O(s)

	
	2 K(s) + 1 I2(s)  2 KI(s)

	
	2 Zn(s) + 1 O2(g)  2 ZnO(s)

	
	1 BeC2O4•3 H2O(s)  1 BeC2O4(s) + 3 H2O(g)

	
	1 CaCO3(s)  1 CaO + CO2(g)

	
	1 CH4(g) + 2 O2(g)  1 CO2(g) + 2 H2O(g)

	
	1 C2H5OH(l) + 3 O2(g)  2 CO2(g) + 3 H2O(g)

	
	2 HC3H5O2(l) + 7 O2(g)  6 CO2(g) + 6 H2O(g)

	
	1 C3H8(g) + 5 O2(g)  3 CO2(g) + 4 H2O(g)

	
	2 C3H7OH(l) + 9 O2(g)  6 CO2(g) + 8 H2O(g)

	3
	2 Al(s) + 6 HCl(aq)  2 AlCl3(aq) + 3 H2(g)

	
	2 Al(s) + 6 H+  2_Al3+ + 3 H2(g)

	
	2 NaBr(aq) + 1 Cl2(g)  2 NaCl(aq) + 1 Br2(l)

	
	2 Br- + Cl2(g)  2 Cl- + Br2(l)

	
	2 MgCl2(aq) + 1 KOH(aq)  1 Mg(OH)2(s) + 2 KCl(aq)

	
	Mg2+ + 2 OH-  Mg(OH)2(s)

	
	1 BaCl2(aq) + 1 Na2SO4(aq)  1 BaSO4(s) + 2 NaCl(aq)

	
	Ba2+ + SO42-  BaSO4(s)

	
	1 Ni(NO3)2(aq) + 1 Na2S(aq)  1 NiS(s) + 2 NaNO3(aq)

	
	Ni2+ + S2-  NiS(s)

	
	1 H2SO4(aq) + 2 KOH(aq)  2 H2O(l) + 1 K2SO4(aq)

	
	H+ + OH-  H2O

	
	2 HBr(aq) + 1 Sr(OH)2(aq)  2 H2O(l) + Sr(Br)2(aq)

	
	H+ + OH-  H2O

	4
	3.87 g CH4 x 1 mol CH4 x 2 mol O2 x 32 g O2 = 15.5 g O2

                       16 g CH4    1 mol CH4  1 mol O2

	5
	10.0 g Fe x 1 mol x 3 mol H2 x 2.00 g x  1 L  = 0.665 L H2 

                  55.8 g   2 mol Fe    1 mol   0.816 g

	6
	25.0 g Al x 1 mol Al x 6 mol HCl x 1 L HCl = 0.926 L HCl

                    27.0 g       2 mol Al     3.00 mol

	7
	6.03 g K x 1 mol K x 2 mol KI x 166 g KI  = 25.6 g KI
               39.1 g K    2 mol K    1 mol KI

	8
	1.20 L Cl2 x 1.83 g Cl2 x 1 mol Cl2 x 1 mol MnO2 x 86.9 g MnO2 = 2.69 g

                     1 L Cl2      71.0 g Cl2     1 mol Cl2        1 mol MnO2

	9
	25.0 g Na x 1 mol Na x 2 mol NaOH = 1.09 M NaOH

     1 L        23.0 g Na     2 mol Na

	10
	.0250 L Sr..x .800 mol Sr..x1 mol Cu..x1 L Cu..=.0267 L Cu..

                        1 L Sr..      1 mol Sr.. .750 mol Cu..

	11
	.0232 L SO42- x .150 mol SO42- x 1 mol Ba2+ x 137 g Ba = .477 g 
                           1 L SO42-        1 mol SO42-  1 mol Ba

0.477 g Ba/9.00 g Ore x 100 = 5.30 %

	12
	.0353 L Cr2O72- x .050 mol Cr2O72- x 6 mol Fe2+ = .0106 mol 
                                1 L Cr2O72-    1 mol Cr2O72-
0.0106 mol Fe x 55.8 g Fe = .591 g Fe x 100 = 39.4 %

                           1 mol Fe    1.50 g Ore

	13
	1.26 g N2 x 1 mol N2 x 2 mol NH3 x 0.0900 mol NH3
                   28.0 g N2       1 mol N2
0.300 g H2 x 1 mol H2 x 2 mol NH3 x 0.0990 mol NH3
                     2.02 g H2       3 mol H2

	
	0.0900 mol NH3 x 17.0 g NH3/1 mol NH3 = 1.53 g NH3

	
	0.874 g/1.53 g x 100 = 57.1 %

	14
	2.69 g N2H4 x 1 mol N2H4 x 1 mol N2 = 0.0841 mol N2

                      32.0 g N2H4  1 mol N2H4

3.14 g H2O2 x 1 mol H2O2 x 1 mol N2 = 0 .0462 mol N2 
                      34.0 g H2O2  2 mol H2O2

	
	H2O2 is limiting reactant  0 g H2O2
0.0462 mol N2 x 28.0 g N2/1 mol N2 = 1.29 g N2
0.0462 mol N2 x 4 mol H2O x 18.0 g H2O = 3.33 g H2O

                             1 mol N2     1 mol H2O

0.0462 mol N2 x 1 mol N2H4 x 32.0 g N2H4 = 1.48 g N2H4

                             1 mol N2     1 mol N2H4

2.69 g N2H4 – 1.48 g N2H4 = 1.21 g N2H4 remain

	15
	6.84 g NH3 x 1 mol NH3 x 1 mol (NH4)2S = 0.201 mol

                     17.0 g NH3        2 mol NH3

4.13 g H2S x 1 mol H2S x 1 mol (NH4)2S = 0 .121 mol 

                     34.1 g H2S      1  mol H2S

	
	0.121 mol (NH4)2S x 68.2 g (NH4)2S  = 8.25 g (NH4)2S
                                  1 mol (NH4)2S

	
	0.121 mol (NH4)2S x 2 mol NH3 x 17 g NH3 = 4.11 g (NH4)2S
                               1 mol (NH4)2S 1 mol NH3

6.84 g NH3 – 4.11 g NH3 = 2.73 g NH3 remaining

	16
	75.0 g Fe x 1 mol Fe x 2 mol Fe2O3 = 0.672 mol Fe2O3

                  55.8 g Fe       4 mol Fe

11.5 L O2 x 3.48 g x 1 mol x 2 mol = 0.834 mol Fe2O3

                     1 L       32.0 g   3 mol
0.672 mol Fe2O3 x 160. g Fe2O3/1 mol = 108 g Fe2O3

	17
	0.200 L FeCl2 x 0.600 mol/1 L = 0.120 mol FeCl3

0.150 L BaS x 0.500 mol/1 L = 0.0750 mol BaS

	
	0.120 mol FeCl2 x 1 mol Fe2S3 = 0.0600 mol Fe2S3
                              2 mol FeCl3
0.0750 mol BaS x 1 mol Fe2S3 = 0.0250 mol Fe2S3
                               3 mol BaS

	
	0.0250 mol Fe2S3 x 208 g Fe2S3 = 5.20 g Fe2S3

                                1 mol Fe2S3

	
	0.120 mol FeCl3  0.120 mol Fe3+, 0.360 mol Cl-

0.0750 mol BaS 0.0750 mol Ba2+, 0.0750 mol S2-

	
	0.0250 mol Fe2S3 0.0500 mol Fe3+, 0.0750 mol S2-

	
	 [Fe3+]: (0.120 – 0.0500)mol/0.350 L = 0.200 M

[Cl-]: 0.360 mol/0.350 L = 1.03 M

[Ba2+] = 0.0750 mol/.350L = 0.214 M

[S2-]: (0.0750 – 0.0750) mol/0.350 L = 0 M

	18
	0.300 L x 0.500 mol/L = 0.150 mol Ca(NO3)2 

0.200 L x 0.500 mol/L = 0.100 mol Li2CO3

	
	.150 mol Ca(NO3)2 x 1 mol CaCO3 = .150 mol CaCO3
                                  1 mol Ca(NO3)2
.100 mol Li2CO3 x 1 mol CaCO3 = .100 mol CaCO3 

                             1 mol Li2CO3
 Li2CO3

	
	0.100 mol CaCO3 x 100 g CaCO3 = 10.0 g CaCO3

                                1 mol CaCO3

	
	0.150 mol Ca(NO3)2 0.150 mol Ca2+, 0.300 mol NO3-0.100 mol Li2CO3 0.200 mol Li2+, 0.100 mol CO32-

	
	0.100 mol CaCO3 0.100 mol Ca2+, 0.100 mol CO32-

	
	[Ca2+]: (0.150 – 0.100)mol/0.500 L = 0.100 M 

[NO3-]: .300 mol/.500 L = .600 M [Li+]: .200 mol/.500 L = .400 M

[CO32-]: (0.100 – 0.100)mol/0.500 L = 0 M

	20
	39.1 g + 54.9 g + 4(16.0) g = 158 g

K: 39.1 g/158 g x 100 = 24.7 %

Mn: 54.9/158 g x 100 = 34.7 %

O: 64.0 g/158 g x 100 = 40.5 %

24.7 % + 34.7 % + 40.5 % = 99.9 %

	21
	% Al: 2(27.0)/[2(27.0) + 3(16.0)] x 100 = 52.9 %

% O = 100 % - % Al = 100 – 52.9 = 47.1 %

	
	32.0 g  Al2O3 x 52.9 g Al/100 g Al2O3 = 16.9 g

	22
	mS = mmixture – mFe

mS = 13.6841 g – 0.286 g = 13.398 g

	
	13.398/13.6841 x 100 = 97.909 %

	23
	70.8 g HNO3 x 1 mol/63.0 g = 1.12 mol HNO3

	
	100 g solution x 1 mL/1.42 g = 70.4 mL

	
	1.12 mol HNO3/0.0704 L = 15.9 M

	24
	31.9 g K x 1 mol/39.1 g = 0.816 mol 0.816 = 1

29.0 g Cl x 1 mol/35.5 g = 0.817 mol 0.816 = 1

39.2 % O x 1 mol 16.0 g = 2.45 mol 0.816 = 3 
 KClO3

	25
	12.1 g C x 1 mol/12.0 g = 1.01 mol

70.9 g Cl x 1 mol/35.5 g = 2.00 mol

(100.0 – 12.1 – 70.9)g x 1 mol/16.0 g = 1.06 mol  CCl2O

	26
	78.2 g K x 1 mol/39.1 g = 2.00 mol K

32.1 g S x 1 mol/32.1 g = 1.00 mol S 
 K2S

	27
	16.9 g Na x 1 mol/23.0 g = 0.735 mol 0.368 = 2

11.8 g S x 1 mol/32.1 g = 0.368 mol 0.368 = 1

23.6 g O x 1 mol/16.0 g = 1.48 mol 0.368 = 4
 Na2SO4

	28
	0.627 g CO2 x 12.0 g C/44.0 g CO2 = 0.171 g C

1.08 g compound – 0.171 g C = 0.909 g S

0.171 g C x 1 mol/12.0 g = 0.0143 mol 0.0143 = 1 

0.909 g S x 1 mol/32.1 g = 0.0283 mol 0.0143 = 2 
 CS2

	29
	1.433 g CO2 x 12.0 g C/44.0 g CO2 = 0.391 g C

0.582 g H2O x 2.0 g H/18.0 g H2O = 0.0647 g H

0.391 g C x 1 mol/12.0 g = 0.0326 mol C

0.0647 g H x 1 mol/1.01 g = 0.0641 mol H

(1.500 – 0.391 – 0.0647)g x 1 mol/16.0 g = 0.0653 mol O
 CH2O2

	30
	CH3O = 31.0 g and 62.0/31.0 = 2  C2H6O2

	31
	CH = 13.0 g and 78.0/13.0 = 6  C6H6

	32
	2.241 g CO2 x 12.011 g C/44.01 g CO2 = 0.6116 g C

0.5781 g H2O x 2.02 g H/18.02 g H2O = 0.0648 g H

	
	1.2359 g sample x 28.84 g N/100 g sample = 0.3564 g N

	
	mO = msample – (mH + mC + mN) 

mO = 1.2359 – (0.0648 + 0.6116 + 0.3564) = 0.2031 g

	
	0.6116 g C x 1 mol/12.01 g = 0.05092/0.01269 = 4.0 mol C

0.0648 g H x 1 mol/1.01 g = 0.06429/0.01269 = 5.0 mol H

0.3564 g N x 1 mol/14.01 g = 0.02544/0.01269 = 2.0 mol N

0.2031 g O x 1 mol/16.00 g = 0.01269/0.01269 = 1.0 mol O


 C4H5N2O

	
	mempirical formula = 4(12.0 g) + 5(1.0 g) + 2(14.0 g) + 16.0 = 97 g300 g/97 g  3  molecular formula = C12H15N6O3

	33
	75.0 g Fe x 1 mol/55.8 g = 1.34 mol Fe

11.5 L x 3.48 g/1 L x 1 mol/32.0 g = 1.25 mol O2

	
	1.34 mol Fe x 2 mol Fe2O3/3 mol Fe = 0.670 mol Fe2O3

1.25 mol O2 x 2 mol Fe2O3/3 mol O2 = 0.833 mol Fe2O3

	
	0.670 mol Fe2O3 x 160 g Fe2O3/1 mol Fe2O3 = 107 g Fe2O3

	35
	0.250 L x 0.127 mol/1 L x 74.1 g/1 mol = 2.35 g

Add powder to 200 mL of water, dissolve, and then add water to bring the volume to 250. mL.

	
	0.250 L x 0.127 mol/1 L x 1 L/1.00 mol = 0.0318 L

Add 31.8 mL of 1.00 M Ca(OH)2 to a 250. mL volumetric flask and then add water to bring the volume to 250. mL.

	36
	0.100 L x 0.125 mol/1 L x 84.0 g/1 mol = 1.05 g

	
	0.100 L x 0.125 mol/1 L x 1 L/3.00 mol = 0.00417 L

	37
	0.100 L x 0.200 mol/1 L x 1 L/0.487 mol = 0.0411 L

	
	0.0250 L x 0.400 mol/1 L = 0.0100 mol

0.0100 mol/0.0750 L = 0.133 M

	38
	73.2 g NH4NO3 x 1 mol NH4NO3 = 0.915 mol = 1.10 M

                            80.0 g NH4NO3      0.835 L

	39
	0.700 mol Na2SO4 x 1 L/0.250 mol Na2SO4 = 2.80 L

	
	0.800 L x 0.250 mol/1 L x 142 g/1 mol = 28.4 g Na2SO4

	
	157 g x 1 mol/142 g x 1 L/0.250 mol = 4.42 L

	40
	.0353 L Mg(Cl)2 x .125 mol Mg.. = 4.41 x 10-3 mol Mg..

                                 1 L Mg..

4.41 x 10-3 mol Mg.. x 1 mol Sr.. = 4.41 x 10-3 mol Sr..

                                    1 mol Mg..

4.41 x 10-3 mol Sr../0.0548 L = 0.0805 M Sr(OH)2

	41
	.0157 L Sr(OH)2 x 3.00 mol Sr(OH)2 = 0.0471 mol Sr(OH)2
                                  1 L Sr(OH)2
0.0471 mol Sr(OH)2 x 2 mol HCl = 0.0942 mol HCl

                                 1 mol Sr(OH)2
0.0942 mol HCl/0.0250 L = 3.77 M HCl

	42
	54.0 g H2O/151 g x 100 = 35.8 % H2O

	
	3.21 g Hydrate x 64.2 g BeC2O4 = 2.06 g BeC2O4

                            100 g Hydrate

	
	0.0178 L x 0.0150 mol/1 L = 0.000267 mol KMnO4

	
	0.000267 mol Mn... x 5 mol Be... x 96.9 g = 0.0647 g

                                   2 mol Mn... 1 mol Be...


Practice Multiple Choice
	1
	C
	1 Fe2O3 + 3 CO  2 Fe + 3 CO2

	2
	D
	1 C3H6O2 + 7/2 O2  3 CO2 + 3 H2O

	3
	B
	C3H8 + 5 O2  3 CO2 + 4 H2O

	4
	D
	0.44 g CO2 x 1 mol  x 1 mol CaCO3 x 100 g = 1.00 g = 0.80

                      44 g        1 mol CO2     1 mol     1.25 g 

	5
	C
	mol F2 reacted: 8.0 mol – 4.6 mol = 3.4 mol F2

mol Xe reacted = 1.7 mol  XeF4

	6
	D
	24 g O x 164 g Ca(NO3)2/96 g O = 41 g

	7
	B
	Molar mass of Q must be a factor of 38, 76, and 114.

38/19 = 2, 76/19 = 4, 114/19 = 6  19

	8
	C
	N: 2(14) = 28 g, O: 3(16) = 48 g

% N = 28/76 = 7/19  1/3

	9
	B
	46 g CaCO3 x 1 mol CaCO3/100 g = 0.5 mol CaCO3

54 g H2O x 1 mol H2O/18 g = 3 mol H2O  6 H2O: 1 CaCO3

	10
	D
	88 g CO2 x 1 mol C/44 g = 2 mol C

27 g H2O x 2 mol H/18 g H2O = 3 mol H  3 H per 2 C

	11
	A
	C2H4 + 3 O2  2 CO2 + 2 H2O

0.56 g C2H4 x 1 mol/28g x 2 mol H2O/1 mol = 0.04 mol 

	12
	B
	.025 L x 0.20 mol BrO3-/L x 3 mol Br2/1 mol BrO3- = 0.015

.030 L x 0.45 mol Br-/L x 3 mol Br2/5 mol Br- = 0.0081

	13
	A
	0.010 L x 6 mol HNO3/L x 1 mol NO/4 mol HNO3 = 0.015

0.10 mol Ag x 1 mol/3 mol Ag = 0.033  0.015 mol NO

	14
	C
	1.10 mol K/0.55 = 2 mol K

1.65 mol O/0.55 = 3 mol O  K2TeO3

	15
	B
	Cr: 1.6/52 = 0.03

O: 1.0/16 = 0.06  CrO2

	16
	A
	MgO: 24/(24+16) = 6/10, MgS: 24/(24+32) = 3/7 MgF2: 24/(24+38) = 12/31, Mg3N2: 72/(72+28)= 7/10

	17
	B
	% = (mhydrate – manhydrous)/mhydrate x 100  too small % = too large manhydrous (reabsorb H2O increases mass)

	18
	D
	0.25 mol N2H4 x 4 mol H2O/2 mol x 18 g H2O/1 mol = 9.0 g

0.1 mol N2O4 x 4 mol H2O/1 mol x 18 g H2O = 7.2 g

	19
	B
	2.00 L x 0.100 m KIO3/L x 214 g/mol = 42.8 g

Add 42.8 g to water to dissolve.  Add water to 2.00 L.

	20
	D
	M1V1 = M2V2  (6.0 mol/L)(0.010 L) = (0.50 mol/L)V2

V2 = 0.120 L (120 mL)  add 110 mL of water.

	21
	C
	M1V1 = M2V2  (12 mol/L)V1 = (3.0 mol/L)(1.0 L)
V2 = 0.250 L (250 mL)

	22
	A
	0.2 L x 0.6 mol/L = 0.12 mol MgCl2

0.12 mol MgCl2/(0.4 L + 0.2 L) = 0.02 M

	23
	D
	0.070 L x 3.0 mol/L = 0.21 mol Na2CO3 x 2 = 0.42 mol Na+

0.030 L x 1.0 mol/L = 0.030 mol Na+  .45/.10 = 4.5 M

	24
	B
	0.050 L x 6.0 mol/L x 98 g/mol = 29.4 g

	25
	B
	0.250 L x 0.10 mol/L x 250 g/mol = 6.25 g


	26
	B
	1.0 L x 0.25 mol KOH x 1 mol SO2 x 64 g SO2 = 8.0 g

                     1 L            2 mol KOH  1 mol SO2

	27
	A
	0.3 L x 0.2 mol Fe(NO3)3/1L = 0.06 mol x 3 = 0.18 mol

0.3 L x 1 mol NO3-/1L = 0.3 mol needed  0.06 mol Ba...

	28
	B
	.32 L NaOH x .5 mol/ L x 1 mol HC.../1 mol = .16 mol HC...

0.16 mol HC.../0.020 L = 0.80 M

	29
	C
	.025 L x .12 mol Ba... x 1 mol HCl x         1L   _    = 0.040 L

                    1 L            1 mol Ba...   .15 mol HCl

	30
	C
	KOH: .04 L x .25 mol/L = .01 mol, Ba(OH)2: .060 L x .30 mol/ L = .018 mol OH- (.01 + .018)mol/.10 L = .28 M OH-

	31
	B
	0.0500 mol Au2S3 x 2 mol Au x 197 g = 19.7 g

                              1 mol Au2S3


Practice Free Response

	1
	2 C3H10(g) + 11O2(g)  6 CO2(g) + 10 H2O(g)

	
	1 C4H9OH(l) + 6 O2(g)  4 CO2(g) + 5 H2O(g)

	
	1 NH4NO3(s)  1 N2O(g) + 2 H2O(g)

	
	4 Al(s) + 3 O2(g)  2 Al2O3(s)

	
	6 Li(s) + 1 N2(g)  2 Li3N(s)

	2
	1 Zn(s) + 2 HCl(aq)  1 ZnCl2(aq) + 1 H2(g)

	
	Zn(s) + 2 H+  Zn2+ + H2(g)

	
	2 KOH(aq) + 1 NiSO4(aq)  1 Ni(OH)2(s) + 1 K2SO4(aq)

	
	2 OH- + Ni2+  Ni(OH)2(s)

	
	1 Ca(NO3)2(aq) + 1 Na2SO4(aq)  1 CaSO4(s) + 2 NaNO3(aq)

	
	Ca2+ + SO42-  CaSO4(s)

	
	1 HI(aq) + 1 KOH(aq)  1 H2O(l) + 1 KI(aq)

	
	H+ + OH-  H2O

	3
	125 g Zn x 1 mol Zn x 2 mol HCl x        1 L        = 1.27 L 

                 65.4 g Zn      1 mol Zn  3.00 mol HCl

	4
	5.00 g Li x 1 mol Li x 2 mol Li3N = 0.240 mol Li3N

                  6.94 g Li     6 mol Li

5.00 g N2 x 1 mol N2 x 2 mol Li3N = 0.357 mol Li3N

                  28.0 g N2         1 mol N2

	
	0.240 mol Li3N x 1 mol N2 x 28.0 g N2 = 3.36 g N2

                          2 mol Li3N   1 mol N2

 5.00 g N2 – 3.36 g N2 = 1.64 g N2 excess

	
	0.240 mol Li3N x 34.8 g Li3N/1 mol Li3N = 8.36 g Li3N

(5.00 g Li + 3.36 g N2 = 8.36 g Li3N)

	
	8.36 g Li3N x 0.885 = 7.40 g Li3N produced

	5
	14.242 g CO2 x 12 g C/44 g CO2 = 3.884 g C

4.083 g H2O x 2.02 g H/18.0 g H2O = 0.4582 g H

5.250 g Nic – 3.884 g C – 0.4582 g H = 0.908 g N

3.884 g C x 1 mol/12.0 g = 0.324 mol C/0.0648 = 5 mol C

0.4582 g H x 1 mol/1.01 g = 0.454 mol H/0.0648 = 7 mol H

0.908 g N x 1 mol/14.0 g = 0.0648 mol N/0.0648 = 1 mol N


 C5H7N

	6
	0.325 g acetylsalicylic acid/2.00 g table x 100 = 16.2 %

	
	1.20 g H2O x 2.02 g H/18.0 g H2O = 0.134 g H

n = PV/RT 

n = (1.07 atm)(3.72 L)/(0.0821)(323 K) = 0.150 mol CO2 

0.150 mol CO2 x 12.0 g C/1 mol CO2 = 1.80 g C

3.00 g – 0.1343 g – 1.80 g = 1.07 g O

	
	1.80 g C x 1 mol/12.0 g = 0.150/0.0669 = 2.25 x 4 = 9 mol C

0.1343 g H x 1 mol/1.008 g = 0.1332/0.0669 = 2 x 4 = 8 mol H

1.07 g O x 1 mol/16.0 g = 0.0669/0.0669 = 1 x 4 = 4 mol O

 empirical formula is C9H8O4

	
	0.08843 L OH- x 0.102 mol OH- x 1 mol HA  = 0.00902 mol

                                    1 L             1 mol OH-
1.625 g/0.00902 mol = 180. g/mol

	
	mempirical formula = 9(12.0 g) + 8(1.0 g) + 4(16.0 g) = 180 g

180 g/180 g  1  molecular formula = C9H8O4

	
	The first few drops of NaOH are diluted  it will take more NaOH to reach equivalence, which results in the calculated moles of acid to be too high and the equivalent mass to be too low.

	
	With less acid to neutralize, the volume of NaOH needed to reach equivalence will be too low the calculated moles of acid would also be too low, resulting in a calculated equivalent mass to be too high.

	
	The amount of water used to dissolve the acid has no effect on volume of NaOH needed to reach equivalence  the calculated equivalent mass would be unaffected..

	
	Since extra drops of NaOH were added, the volume will be too high  the calculated moles would be too high, resulting in a calculated equivalent mass to be too low. 


