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The last train to 

Stoichiometryville
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		So we can balance equations

		BIG DEAL!!!

		What good is a balanced equation anyway?

		You can’t eat it, sell it or drive it!

		And we can change things about compounds like…

		Grams to moles and moles to grams.

		WHO CARES!!!





*











		Well there is a whole lot of industry that depends on these two things

		Without them you wouldn’t have nearly half the stuff you have

		And they put the two together to make them useful

		“OH NO”….you say

		Ahhh, yes…tis true

		Now you will learn the process...

		or else!
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		Yes…that’s right

		We are going to combine balanced equations with mole problems

		“Oh joy!’’....You say

		Alas…it is true

		So lets begin
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		Lets start with a hypothetical situation

		You are a successful business person with a thriving multibillion dollar company you built from the ground up

		A customer places an order for one of the products you sell

		Oh…by the way…did I mention it was a company that sells chemicals

		Anyway, they order 10kg EsCl at a cost of  $10,000,000.00
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		Now lets look at what you as the producer of this compound needed to determine to be able to price and sell this at a profit of say $1,000,000.00

		Lets assume that the only way to obtain this product is to react Es2O with HCl.

		And lets assume that the mining company that supplies the Es2O to you charges $800,000.00 per kilogram.  That’s $8M



		The HCl costs $100.00 for all that you require for the reaction, so its not important.
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		But the reaction to produce the EsClwill cost $1M.

		So everything has to be perfect.

		Think about it.

		You need to supply 10kg.  NO LESS!!!!!!

		If you screw up and produce less than needed, you need to do the reaction again

		And what will that do to your profit? 

		ZERO

		And if you order too much from the mining company, what do you do with it.

		Its highly radioactive and will cost $2M to store 
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		So, being the genius that you are , you decide to make more than you need to.

		Problem

		This is the only customer who buys this stuff.

		They purchase it once a year for a special order

		Any left over will decay after sitting on the shelf for 2 weeks.

		And then what

		Money down the drain

		3% too much will eat all your profits
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		So what’s a business person gonna do to maximize profits

		That is make just the right amount

		And order just the right amount of material to produce it

		This is where a Balanced Equation and a Mole equation come in pretty handy
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		So lets see how to solve this dilemma with some figures that are easier to work with

		First we will look at an example of how this works

		And go over the steps to solve them

		Then practice
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		Solving mass-mass problems





*











		Solving mass-mass problems

		If 9.90g CuCl are reacted with H2S how much Cu2S will be produced from the reaction
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		Solving mass-mass problems

		If 9.90g CuCl are reacted with H2S how much Cu2S will be produced from the reaction

		Step 1. Write the balanced equation.
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		Solving mass-mass problems

		If 9.90g CuCl are reacted with H2S how much Cu2S will be produced from the reaction

		Step 1. Write the balanced equation.

		2CuCl  +  H2S  Cu2S  +  2HCl
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		Solving mass-mass problems

		If 9.90g CuCl are reacted with H2S how much Cu2S will be produced from the reaction

		Step 1. Write the balanced equation.

		2CuCl  +  H2S  Cu2S  +  2HCl



		Step 2.  Find the number of moles of the given substance.
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		Solving mass-mass problems

		If 9.90g CuCl are reacted with H2S how much Cu2S will be produced from the reaction

		Step 1. Write the balanced equation.

		2CuCl  +  H2S  Cu2S  +  2HCl



		Step 2.  Find the number of moles of the given substance.

		            1Cu     1 x 63.5 = 63.5g
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		Solving mass-mass problems

		If 9.90g CuCl are reacted with H2S how much Cu2S will be produced from the reaction

		Step 1. Write the balanced equation.

		2CuCl  +  H2S  Cu2S  +  2HCl



		Step 2.  Find the number of moles of the given substance.

		            1Cu     1 x 63.5 = 63.5g

		            1Cl      1 x 35.5 = 35.5g
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		Solving mass-mass problems

		If 9.90g CuCl are reacted with H2S how much Cu2S will be produced from the reaction

		Step 1. Write the balanced equation.

		2CuCl  +  H2S  Cu2S  +  2HCl



		Step 2.  Find the number of moles of the given substance.

		            1Cu     1 x 63.5 = 63.5g

		            1Cl      1 x 35.5 = 35.5g

		    Molar mass of CuCl  = 99.0g
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		Solving mass-mass problems

		If 9.90g CuCl are reacted with H2S how much Cu2S will be produced from the reaction

		Step 1. Write the balanced equation.

		2CuCl  +  H2S  Cu2S  +  2HCl



		Step 2.  Find the number of moles of the given substance.

		            1Cu     1 x 63.5 = 63.5g

		            1Cl      1 x 35.5 = 35.5g

		    Molar mass of CuCl  = 99.0g



		   9.90gCuCl   1mol CuCl   

		                        99.0g CuCl
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		Solving mass-mass problems

		If 9.90g CuCl are reacted with H2S how much Cu2S will be produced from the reaction

		Step 1. Write the balanced equation.

		2CuCl  +  H2S  Cu2S  +  2HCl



		Step 2.  Find the number of moles of the given substance.

		            1Cu     1 x 63.5 = 63.5g

		            1Cl      1 x 35.5 = 35.5g

		    Molar mass of CuCl  = 99.0g



		   9.90gCuCl   1mol CuCl   

		                        99.0g CuCl

		Step 3.  Inspect the balanced equation to determine the ratio of moles of required substance to moles of given substance.
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		Solving mass-mass problems

		If 9.90g CuCl are reacted with H2S how much Cu2S will be produced from the reaction

		Step 1. Write the balanced equation.

		2CuCl  +  H2S  Cu2S  +  2HCl



		Step 2.  Find the number of moles of the given substance.

		            1Cu     1 x 63.5 = 63.5g

		            1Cl      1 x 35.5 = 35.5g

		    Molar mass of CuCl  = 99.0g



		   9.90gCuCl   1mol CuCl   

		                        99.0g CuCl

		Step 3.  Inspect the balanced equation to determine the ratio of moles of required substance to moles of given substance.

		9.90gCuCl   1mol CuCl     1mol Cu2S

		                    99.0g CuCl    2mol CuCl
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		Solving mass-mass problems

		If 9.90g CuCl are reacted with H2S how much Cu2S will be produced from the reaction

		Step 1. Write the balanced equation.

		2CuCl  +  H2S  Cu2S  +  2HCl



		Step 2.  Find the number of moles of the given substance.

		            1Cu     1 x 63.5 = 63.5g

		            1Cl      1 x 35.5 = 35.5g

		    Molar mass of CuCl  = 99.0g



		   9.90gCuCl   1mol CuCl   

		                        99.0g CuCl

		Step 3.  Inspect the balanced equation to determine the ratio of moles of required substance to moles of given substance.

		9.90gCuCl   1mol CuCl     1mol Cu2S

		                    99.0g CuCl    2mol CuCl

		Step 4.  Express the moles of required substance in terms of grams, then convert moles to grams
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		Solving mass-mass problems

		If 9.90g CuCl are reacted with H2S how much Cu2S will be produced from the reaction

		Step 1. Write the balanced equation.

		2CuCl  +  H2S  Cu2S  +  2HCl



		Step 2.  Find the number of moles of the given substance.

		            1Cu     1 x 63.5 = 63.5g

		            1Cl      1 x 35.5 = 35.5g

		    Molar mass of CuCl  = 99.0g



		   9.90gCuCl   1mol CuCl   

		                        99.0g CuCl

		Step 3.  Inspect the balanced equation to determine the ratio of moles of required substance to moles of given substance.

		9.90gCuCl   1mol CuCl     1mol Cu2S

		                    99.0g CuCl    2mol CuCl

		Step 4.  Express the moles of required substance in terms of grams, then convert moles to grams

		          2Cu    2 x 63.5 =  127.0g
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		Solving mass-mass problems

		If 9.90g CuCl are reacted with H2S how much Cu2S will be produced from the reaction

		Step 1. Write the balanced equation.

		2CuCl  +  H2S  Cu2S  +  2HCl



		Step 2.  Find the number of moles of the given substance.

		            1Cu     1 x 63.5 = 63.5g

		            1Cl      1 x 35.5 = 35.5g

		    Molar mass of CuCl  = 99.0g



		   9.90gCuCl   1mol CuCl   

		                        99.0g CuCl

		Step 3.  Inspect the balanced equation to determine the ratio of moles of required substance to moles of given substance.

		9.90gCuCl   1mol CuCl     1mol Cu2S

		                    99.0g CuCl    2mol CuCl

		Step 4.  Express the moles of required substance in terms of grams, then convert moles to grams

		          2Cu    2 x 63.5 =  127.0g

		          1S      1 x 32.1 =    32.1g
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		Solving mass-mass problems

		If 9.90g CuCl are reacted with H2S how much Cu2S will be produced from the reaction

		Step 1. Write the balanced equation.

		2CuCl  +  H2S  Cu2S  +  2HCl



		Step 2.  Find the number of moles of the given substance.

		            1Cu     1 x 63.5 = 63.5g

		            1Cl      1 x 35.5 = 35.5g

		    Molar mass of CuCl  = 99.0g



		   9.90gCuCl   1mol CuCl   

		                        99.0g CuCl

		Step 3.  Inspect the balanced equation to determine the ratio of moles of required substance to moles of given substance.

		9.90gCuCl   1mol CuCl     1mol Cu2S

		                    99.0g CuCl    2mol CuCl

		Step 4.  Express the moles of required substance in terms of grams, then convert moles to grams

		          2Cu    2 x 63.5 =  127.0g

		          1S      1 x 32.1 =    32.1g

		molar mass of Cu2S  =  159.1g
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		Solving mass-mass problems

		If 9.90g CuCl are reacted with H2S how much Cu2S will be produced from the reaction

		Step 1. Write the balanced equation.

		2CuCl  +  H2S  Cu2S  +  2HCl



		Step 2.  Find the number of moles of the given substance.

		            1Cu     1 x 63.5 = 63.5g

		            1Cl      1 x 35.5 = 35.5g

		    Molar mass of CuCl  = 99.0g



		   9.90gCuCl   1mol CuCl   

		                        99.0g CuCl

		Step 3.  Inspect the balanced equation to determine the ratio of moles of required substance to moles of given substance.

		9.90gCuCl   1mol CuCl     1mol Cu2S

		                    99.0g CuCl    2mol CuCl

		Step 4.  Express the moles of required substance in terms of grams, then convert moles to grams

		          2Cu    2 x 63.5 =  127.0g

		          1S      1 x 32.1 =    32.1g

		molar mass of Cu2S  =  159.1g



		9.90gCuCl   1mol CuCl     1mol Cu2S   159.1gCu2S  =    7.95g Cu2S

		                    99.0g CuCl    2mol CuCl   1 mol Cu2S
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NOTE

		Given a balanced equation and any one substance in the equation

		We can solve for any or all of the other substances

		Whether they are reactants or products

		What a useful tool!!!!!









		Lets do another example:









		Lets do another example:

		Cu + HNO3  Cu(NO3)2  + NO + H2O









		Lets do another example:

		Cu + HNO3  Cu(NO3)2  + NO + H2O

		If 11.3g NO is produced, how much Cu is required









		Lets do another example:

		Cu + HNO3  Cu(NO3)2  + NO + H2O

		If 11.3g NO is produced, how much Cu is required

		Step 1.  Balance the equation.









		Lets do another example:

		3Cu + 8HNO3  3Cu(NO3)2 + 2NO +4H2O

		If 11.3g NO is produced, how much Cu is required

		Step 1.  Balance the equation.









		Lets do another example:

		3Cu + 8HNO3  3Cu(NO3)2 + 2NO +4H2O

		If 11.3g NO is produced, how much Cu is required

		Step 1.  Balance the equation.

		Step 2.  Setup moles of given.









		Lets do another example:

		3Cu + 8HNO3  3Cu(NO3)2 + 2NO +4H2O

		If 11.3g NO is produced, how much Cu is required

		Step 1.  Balance the equation.

		Step 2.  Setup moles of given.

		11.3gNO  1mol NO

		                 30.0gNO









		Lets do another example:

		3Cu + 8HNO3  3Cu(NO3)2 + 2NO +4H2O

		If 11.3g NO is produced, how much Cu is required

		Step 1.  Balance the equation.

		Step 2.  Setup moles of given.

		11.3gNO  1mol NO

		                 30.0gNO

		Step 3.  Determine ratio of wanted substance to given from the balanced equation









		Lets do another example:

		3Cu + 8HNO3  3Cu(NO3)2 + 2NO +4H2O

		If 11.3g NO is produced, how much Cu is required

		Step 1.  Balance the equation.

		Step 2.  Setup moles of given.

		11.3gNO  1mol NO

		                 30.0gNO

		Step 3.  Determine ratio of wanted substance to given from the balanced equation

		11.3gNO  1mol NO   3mol Cu

		                 30.0gNO  2mol NO









		Lets do another example:

		3Cu + 8HNO3  3Cu(NO3)2 + 2NO +4H2O

		If 11.3g NO is produced, how much Cu is required

		Step 1.  Balance the equation.

		Step 2.  Setup moles of given.

		11.3gNO  1mol NO

		                 30.0gNO

		Step 3.  Determine ratio of wanted substance to given from the balanced equation

		11.3gNO  1mol NO   3mol Cu

		                 30.0gNO  2mol NO

		Step 4.  Change needed substance to grams









		Lets do another example:

		3Cu + 8HNO3  3Cu(NO3)2 + 2NO +4H2O

		If 11.3g NO is produced, how much Cu is required

		Step 1.  Balance the equation.

		Step 2.  Setup moles of given.

		11.3gNO  1mol NO

		                 30.0gNO

		Step 3.  Determine ratio of wanted substance to given from the balanced equation

		11.3gNO  1mol NO   3mol Cu

		                 30.0gNO  2mol NO

		Step 4.  Change needed substance to grams

		11.3gNO  1mol NO   3mol Cu  63.5gCu

		                 30.0gNO  2mol NO  1mol Cu









		Lets do another example:

		3Cu + 8HNO3  3Cu(NO3)2 + 2NO +4H2O

		If 11.3g NO is produced, how much Cu is required

		Step 1.  Balance the equation.

		Step 2.  Setup moles of given.

		11.3gNO  1mol NO

		                 30.0gNO

		Step 3.  Determine ratio of wanted substance to given from the balanced equation

		11.3gNO  1mol NO   3mol Cu

		                 30.0gNO  2mol NO

		Step 4.  Change needed substance to grams

		11.3gNO  1mol NO   3mol Cu  63.5gCu =  35.88gCu

		                 30.0gNO  2mol NO  1mol Cu









		2KClO3  2KCl  +  3O2









		2KClO3  2KCl  +  3O2

		8.20g KClO3 reacts, how much O2 made









		2KClO3  2KCl  +  3O2

		8.20g KClO3 reacts, how much O2made

		8.20gKClO3 1mol KClO3

		               122.5g KClO3                                          









		2KClO3  2KCl  +  3O2

		8.20g KClO3 reacts, how much O2 made

		8.20gKClO3 1mol KClO3      3mol O2

		               122.5g KClO3  2mol KClO3                                        









		2KClO3  2KCl  +  3O2

		8.20g KClO3 reacts, how much O2 made

		8.20gKClO3 1mol KClO3    3mol O2             32.0gO2

		               122.5g KClO3  2mol KClO3  1mol O2                                      









		2KClO3  2KCl  +  3O2

		8.20g KClO3 reacts, how much O2 made

		8.20gKClO3 1mol KClO3      3mol O2           32.0gO2  = 

		               122.5g KClO3  2mol KClO3 1mol O2                                      









		2KClO3  2KCl  +  3O2

		8.20g KClO3 reacts, how much O2 made

		8.20gKClO3 1mol KClO3      3mol O2                  32.0gO2  =

		               122.5g KClO3  2mol KClO3    1mol O2      



		3.21gO2                                









		P4  +  5O2    P4O10

		7.75gP4 reacts, how much P4O10 made



		









		P4  +  5O2    P4O10

		7.75gP4 reacts, how much P4O10 made



		7.75gP4  1mol P4

		               124.0gP4









		P4  +  5O2    P4O10

		7.75gP4 reacts, how much P4O10 made



		7.75gP4  1mol P4        1mol P4O10

		               124.0gP4     1mol P4

		









		P4  +  5O2    P4O10

		7.75gP4 reacts, how much P4O10 made



		7.75gP4  1mol P4        1mol P4O10  284.0gP4O10

		               124.0gP4     1mol P4          1mol P4O10

		









		P4  +  5O2    P4O10

		7.75gP4 reacts, how much P4O10 made



		7.75gP4  1mol P4        1mol P4O10  284.0gP4O10  = 17.75g

		              124.0gP4     1mol P4          1mol P4O10               P4O10

		









		C5H12 + 8O2  5CO2 + 6H2O

		109g C5H12 reacts, how much CO2 made









		C5H12 + 8O2  5CO2 + 6H2O

		109g C5H12 reacts, how much CO2 made



		109gC5H12 1molC5H12

		                   72.0gC5H12









		C5H12 + 8O2  5CO2 + 6H2O

		109g C5H12 reacts, how much CO2 made



		109gC5H12 1molC5H12   5molCO2

		                   72.0gC5H12  1molC5H12









		C5H12 + 8O2  5CO2 + 6H2O

		109g C5H12 reacts, how much CO2 made



		109gC5H12 1molC5H12   5molCO2      44.0gCO2

		                     72gC5H12  1molC5H12  1molCO2









		C5H12 + 8O2  5CO2 + 6H2O

		109g C5H12 reacts, how much CO2 made



		109gC5H12 1molC5H12   5molCO2      44.0gCO2 = 333.0g

		                   72.0gC5H12  1molC5H12  1molCO2             CO2









		C5H12 + 8O2  5CO2 + 6H2O

		109g C5H12 reacts, how much H2O made









		C5H12 + 8O2  5CO2 + 6H2O

		109g C5H12 reacts, how much H2O made



		109gC5H12 1molC5H12

		                   72.0gC5H12









		C5H12 + 8O2  5CO2 + 6H2O

		109g C5H12 reacts, how much H2O made



		109gC5H12 1molC5H12    6molH2O

		                   72.0gC5H12  1molC5H12









		C5H12 + 8O2  5CO2 + 6H2O

		109g C5H12 reacts, how much H2O made



		109gC5H12 1molC5H12    6molH2O   18.0gH2O

		                   72.0gC5H12  1molC5H12   1molH2O









		C5H12 + 8O2  5CO2 + 6H2O

		109g C5H12 reacts, how much H2O made



		109gC5H12 1molC5H12    6molH2O   18.0gH2O  = 163.5g

		                   72.0gC5H12  1molC5H12   1molH2O         H2O









		C4H10 burns in Oxygen









		C4H10 burns in Oxygen

		Type of reaction?









		C4H10 burns in Oxygen

		Type of reaction?

		Products?

		CO2  and H2O









		C4H10 burns in Oxygen

		Type of reaction?

		Products?

		CO2  and H2O

		So reaction is:









		C4H10  +  O2   CO2  + H2O









		C4H10  +  O2   CO2  + H2O

		4.42kgC4H10 reacts, how much CO2 made









		C4H10  +  O2   CO2  + H2O

		4.42kgC4H10 reacts, how much CO2 made

		2C4H10  +  13O2   8CO2  + 10H2O









		C4H10  +  O2   CO2  + H2O

		4.42kgC4H10 reacts, how much CO2 made

		2C4H10  +  13O2   8CO2  + 10H2O



		4420gC4H10  1molC4H10

		                58.0gC4H10









		C4H10  +  O2   CO2  + H2O

		4.42kgC4H10 reacts, how much CO2 made

		2C4H10  +  13O2   8CO2  + 10H2O



		4420gC4H10  1molC4H10     8molCO2

		                58.0gC4H10   2molC4H10









		C4H10  +  O2   CO2  + H2O

		4.42kgC4H10 reacts, how much CO2 made

		2C4H10  +  13O2   8CO2  + 10H2O



		4420gC4H10  1molC4H10     8molCO2      44.0gCO2 = 13412g

		                58.0gC4H10   2molC4H10   1molCO2          CO2









		Barium chloride mixed with sodium phosphate, ppt. Barium phosphate.     62.9g Barium chloride, how much Barium phosphate









		Barium chloride mixed with sodium phosphate, ppt.Barium phosphate.  62.9g Barium chloride, how much barium phosphate

		BaCl2  +  Na3PO4   Ba3(PO4)2 + NaCl









		Barium chloride mixed with sodium phosphate, ppt.Barium phosphate.  62.9g Barium chloride, how much barium phosphate

		3BaCl2  +  2Na3PO4   Ba3(PO4)2 + 6NaCl









		Barium chloride mixed with sodium phosphate, ppt.Barium phosphate.  62.9g Barium chloride, how much barium phosphate

		3BaCl2  +  2Na3PO4   Ba3(PO4)2 + 6NaCl



		62.9gBaCl2 1mol BaCl2

		                    209.3g BaCl2









		Barium chloride mixed with sodium phosphate, ppt.Barium phosphate.  62.9g Barium chloride, how much barium phosphate

		3BaCl2  +  2Na3PO4   Ba3(PO4)2 + 6NaCl



		62.9gBaCl2 1mol BaCl2       1molBa3(PO4)2

		                    209.3g BaCl2  3molBaCl2









		Barium chloride mixed with sodium phosphate, ppt.Barium phosphate.  62.9g Barium chloride, how much barium phosphate

		3BaCl2  +  2Na3PO4   Ba3(PO4)2 + 6NaCl



		62.9gBaCl2 1mol BaCl2       1molBa3(PO4)2  601.9gBa3(PO4)2

		                    209.3g BaCl2  3molBaCl2            1molBa3(PO4)2









		Barium chloride mixed with sodium phosphate, ppt.Barium phosphate.  62.9g Barium chloride, how much barium phosphate

		3BaCl2  +  2Na3PO4   Ba3(PO4)2 + 6NaCl



		62.9gBaCl2 1mol BaCl2       1molBa3(PO4)2  601.9gBa3(PO4)2

		                    209.3g BaCl2  3molBaCl2            1molBa3(PO4)2



		= 60.58gBa3(PO4)2









		Magnesium in pure nitrogen produces magnesium nitride.  Mass of Mg to produce 1.19g magnesium nitride









		Magnesium in pure nitrogen produces magnesium nitride.  Mass of Mg to produce 1.19g magnesium nitride

		Find formulas of compounds









		Magnesium in pure nitrogen produces magnesium nitride.  Mass of Mg to produce 1.19g magnesium nitride

		Find formulas of compounds

		Do a cross









		Magnesium in pure nitrogen produces magnesium nitride.  Mass of Mg to produce 1.19g magnesium nitride

		Find formulas of compounds

		Do a cross

		Mg  + N2    Mg3N2









		Magnesium in pure nitrogen produces magnesium nitride.  Mass of Mg to produce 1.19g magnesium nitride

		Find formulas of compounds

		Do a cross

		3Mg  + N2    Mg3N2









		Magnesium in pure nitrogen produces magnesium nitride.  Mass of Mg to produce 1.19g magnesium nitride

		Find formulas of compounds

		Do a cross

		3Mg  + N2    Mg3N2



		1.19gMg3N2  1mol Mg3N2

		                     100.9gMg3N2









		Magnesium in pure nitrogen produces magnesium nitride.  Mass of Mg to produce 1.19g magnesium nitride

		Find formulas of compounds

		Do a cross

		3Mg  + N2    Mg3N2



		1.19gMg3N2  1mol Mg3N2    3molMg 

		                     100.9gMg3N2   1mol Mg3N2









		Magnesium in pure nitrogen produces magnesium nitride.  Mass of Mg to produce 1.19g magnesium nitride

		Find formulas of compounds

		Do a cross

		3Mg  + N2    Mg3N2



		1.19gMg3N2  1mol Mg3N2    3molMg          24.3gMg

		                     100.9gMg3N2   1mol Mg3N2     1mol Mg









		Magnesium in pure nitrogen produces magnesium nitride.  Mass of Mg to produce 1.19g magnesium nitride

		Find formulas of compounds

		Do a cross

		3Mg  + N2    Mg3N2



		1.19gMg3N2  1mol Mg3N2    3molMg          24.3gMg

		                     100.9gMg3N2   1mol Mg3N2     1mol Mg



		= 0.859gMg





















		So lets go back to our original problem we started with

		Can we find out the amount of Es2O we need to order and react

		We can now

		But lets look at the problem closer

		Remember that the cost is mostly in Es2O and not the HCl

		But we still need to use HCl

		How much do we need to use?

		And do we really want to use just enough if we want to make sure all of the ES2O reacts











		This brings us to something referred to as

		LIMITING REAGENTS

		A Limiting Reagent is simply the substance that there is just enough of to react, while the other reactant is IN EXCESS

		That means there is much more than needed to react completely with the other reactant(s)

		In our case the HCl would be the in excess reactant

		Because it is the one we want to put in more than we need and the Es2O would be the Limiting, because we want to put in just enough and no more









		So lets look at an example of how this works:

		In the reaction:

		Al2(SO4)3 + 6NaOH   2Al(OH)3 + 3Na2SO4









		So lets look at an example of how this works:

		In the reaction:

		Al2(SO4)3 + 6NaOH   2Al(OH)3 + 3Na2SO4

		If 22.7gNaOH are reacted with 38.3g Al2(SO4)3 , how much Na2SO4 is produced









		So lets look at an example of how this works:

		In the reaction:

		Al2(SO4)3 + 6NaOH   2Al(OH)3 + 3Na2SO4

		If 22.7gNaOH are reacted with 38.3g Al2(SO4)3 , how much Na2SO4 is produced

		So how do we determine this









		So lets look at an example of how this works:

		In the reaction:

		Al2(SO4)3 + 6NaOH   2Al(OH)3 + 3Na2SO4

		If 22.7gNaOH are reacted with 38.3g Al2(SO4)3 , how much Na2SO4 is produced

		So how do we determine this

		Remember that we have two given amounts of reactants

		









		So lets look at an example of how this works:

		In the reaction:

		Al2(SO4)3 + 6NaOH   2Al(OH)3 + 3Na2SO4

		If 22.7gNaOH are reacted with 38.3g Al2(SO4)3 , how much Na2SO4 is produced

		So how do we determine this

		Remember that we have two given amounts of reactants

		And we do not know if there is enough of the one to totally react with the other









		So lets look at an example of how this works:

		In the reaction:

		Al2(SO4)3 + 6NaOH   2Al(OH)3 + 3Na2SO4

		If 22.7gNaOH are reacted with 38.3g Al2(SO4)3 , how much Na2SO4 is produced

		So we first need to find out how much of each we really have in MOLES









		So lets look at an example of how this works:

		In the reaction:

		Al2(SO4)3 + 6NaOH   2Al(OH)3 + 3Na2SO4

		If 22.7gNaOH are reacted with 38.3g Al2(SO4)3 , how much Na2SO4 is produced

		So we first need to find out how much of each we really have in MOLES

		22.7gNaOH  1mol NaOH            =  0.568mol NaOH

		                      40.0g NaOH

		38.3g Al2(SO4)3  1mol Al2(SO4)3    =  0.112mol Al2(SO4)3

		                                        342.3g Al2(SO4)3









		At first glance one notices that there is more NaOH than Al2(SO4)3

		But wait!!!!!

		The balanced equation (our recipe) shows that 6mols of NaOH are required to every 1 mol of Al2(SO4)3

		Or a 6:1 ratio

		So if we multiply the amount of Al2(SO4)3 by 6 we determine the amount of NaOH needed to react with all of it

		0.112(6) = 0.672mol NaOH required

		But we only have 0.568mol NaOH: so it is in LIMITED supply , which makes it the Limiting Reactant

		Therefore the amount of Na2SO4 that can be produced is limited by the amount of NaOH we have











		So:



		22.7gNaOH  1mol NaOH

		                      40.0g NaOH









		So:



		22.7gNaOH  1mol NaOH    3molNa2SO4          

		                      40.0g NaOH  6mol NaOH









		So:



		22.7gNaOH  1mol NaOH    3molNa2SO4    142.1gNa2SO4       =

		                      40.0g NaOH  6mol NaOH     1mol Na2SO4



		                                                                                40.32gNa2SO4





















		So up to now all the problems have assumed that all the important reactant(s) will react with each other and produce product(s) without any reactants left over

		Think of it this way…. If you make a paper snowflake do you use all the paper

		Nope…some gets unused….excess

		Truth of the matter is that no reaction ever goes to completion

		The amount you do get from a reaction is called the THEORITICAL YIELD

		That is…not all the reactants react, even in excess, and not all the product you expect to get is obtained









		SO IF WE GO BACK TO OUR ORIGIONAL PROBLEM WE STARTED THIS ALL OFF WITH…DO WE SEE A SMALL TECHNICALLITY

		I do believe we do











		What you also need to know to price and order your materials is something called the % yield

		Most companies know exactly what this yield is and how they need to order materials to obtain what they need to sell

		This is how its done

		A small reaction of the required material is performed

		The amount of product actually obtained is compared to the amount that was theoretically calculated

		%yield  = experimental yield  x 100



 theoretical yield 







		So lets do a problem:

		4.00gCuCl2 is reacted with excess Fe and 1.75gCu is recovered.  What is the % yield of the reaction?









		So lets do a problem:

		4.00gCuCl2 is reacted with excess Fe and 1.75gCu is recovered.  What is the % yield of the reaction?

		CuCl2  + Fe   Cu + FeCl2









		So lets do a problem:

		4.00gCuCl2 is reacted with excess Fe and 1.75gCu is recovered.  What is the % yield of the reaction?

		CuCl2  + Fe   Cu + FeCl2

		4.00g CuCl2  1mol CuCl2

		                     134.5g CuCl2









		So lets do a problem:

		4.00gCuCl2 is reacted with excess Fe and 1.75gCu is recovered.  What is the % yield of the reaction?

		CuCl2  + Fe   Cu + FeCl2

		4.00g CuCl2  1mol CuCl2       1mol Cu

		                     134.5g CuCl2  1mol CuCl2 









		So lets do a problem:

		4.00gCuCl2 is reacted with excess Fe and 1.75gCu is recovered.  What is the % yield of the reaction?

		CuCl2  + Fe   Cu + FeCl2

		4.00g CuCl2  1mol CuCl2       1mol Cu         63.5gCu  =

		                     134.5g CuCl2  1mol CuCl2      1mol Cu









		So lets do a problem:

		4.00gCuCl2 is reacted with excess Fe and 1.75gCu is recovered.  What is the % yield of the reaction?

		CuCl2  + Fe   Cu + FeCl2

		4.00g CuCl2  1mol CuCl2       1mol Cu         63.5gCu  =

		                     134.5g CuCl2  1mol CuCl2      1mol Cu



		                                                                          1.89gCu



		%yield = 1.75 x 100  = 93%



    1.89

		





















Practice problems

‘Solve each of the following problems. In the space below each problem, show a labeled setup.
Do any necessary arithmetic on scrap paper. Write your answer in the space at the right.

1. Inthereaction
2KCIO,; — 2KCI + 30,

8.20 g KCIO, reacts. Calculate the following:
a. the mass of KCl produced

Fe2e KPO3 [)annt 103 Yanot el | 708 o KU
: [12.Sgweedo, [;mz 4<a03’[;Mw.

b. the mass of O, produced

astd/‘o;l;Mé KOy [Joeli0y | 32 4,
[m‘rskcco} hm,,q \<wi\ |,,;,7;0L

2. In "hereaction
Pn + 501 S PlOlO
7.75 g P, reacts. Calculate the following:
a. the mass of P,O,, p{oduced

2986 04|tk £ f1note by O,n( 264 g 040,0
b. the mass of O, that reacts

795 €4 | jmol Py | Sws0 | 3200
i 13 -J[——fy—l--
l"ﬁ 0 llwﬂ 4 | Jaut 0

le

3. Inthereaction
Csle + 801 - 5CO: +6H10
109 g CsH,, reacts. Calculate the following:
a. the mass of O, that reacts

1 Cgl{zhmc Gu %m0, | p, 0
'
|72. chu‘,' Jonsl tcH \ brwsl O,
b. the mass of CO, produced
109 ¢ Cothie | ool il | S COL | UYte Coo
'7Z§ Cotn | lmadi €l [t o, T

c. the mass of H,O produced

199 CcHya | mokOgtéin Gk tho | T Z¥es 3
1 20) (‘;u)" l /M)[C;'/;L‘ | W\"Q Nz o
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Name y/ Date
4. Inthereaction

AJI(SO‘)J 4 6NaOH id 2Al(OH)3 + 3N31504
22.7 g NaOH reacts. Calculate the following:

a. the mass of Al;(SO.); that reacts 4. a
22, Y Yt T 1l W 7’M Sy 5 | 212y M ZSML
b3 / Wp-datt [ ,/fﬁ)w‘/ | ko 4, $94 7
b. the mass of 1(OH) produced M8, M(mr/
1,\,7&/0 lm/;ff i A bw) H——
Sl %ﬁ—ww "\A“"Uw /r“ %‘)Tﬁ

Y2y 4, S0
ob,Mujer&ﬁAJUqlSd‘,/M‘L /m)§u¢ o

»)’//)vd'” /Z‘v" ‘/M /jn P /45/’}'
3Cu + 8HNO; — 3Cu(NO;), + 2NO + 4H,0
11.3g NO is produced. Calculate the following:

c. the mass of Na,SO, produce
psdld 9

5. In thereaction

a. the mass of Cu that reacts R 5.a. _35,686¢
N3, WO |(mok VO 3,“,&(1%[ 3.8 :gs’ 7
303 PO 2wk O Cu
b. the mass of HNO, that reacts b, 58457
13600 | ol Wo[Smok W00 [ 3 5 Hw04
fb’( vo {er’{' wo / ) o ot /4)1)()3
c. the mass ofCu({NO,), produced c. /08 3¢
113,09 Lol V0|2 n o, &( /r7> ﬂ /Nz,
bo WO | am /mJ A mn)
J
d. the mass of H,O produced d. /35Cq
il. 3900/:/\,.,L MO/‘//M'(!/I_?O/ 159 t, O J

/%A/D /JM/JO//MJ’@U

For 6-10, write your own balanced equation as the first step in solving the problem.

6. When butane,C.H,o, burns in oxygen, the products are carbon dioxide
and water. What mass of carbon dioxide will be produced when 4.42 kg )
of butane is burned in excess oxygen? 6%_

0704”/0 —+/307‘ >. 8¢ 04 f—/CHZ )

#39% SN AN LY Cyltp [Smske C0) j‘“ﬁ;ﬁz
ggfyc‘ﬂ’[/o Jnr‘“:"’;) ( [ oA Co,y

115

@




Stoichiometry Practice Problems

1. 720g HF will decompose into how many grams of Fluorine gas?

2. 14.2g BaCl, when reacted with excess H,SO4 will produce how many moles
BaS0,? How many grams BaSO,?

3. 70.6G HCI when reacted with Mg will produce how grams MgCl,?

‘;"4‘_ ) 312g Sr(OH), when reacted with excess HNO; will produce how many grams of
s ST(N03)2?

Al
{ 5.,)When nitrogen gas and hydrogen gas are exposed to high temperature and pressure,

“they form ammonia. What volume of nitrogen gas must be used to obtain 1.37x106dm3
of ammonia?




STOICHIOMETRY PRACTICE PROBLEMS

1. 720 g of HF will decompose into how many moles of F2 ?
2HF = H, +F,

/o -
t“z/d, 7‘909 H/"//mu(’ ) //w»jl /25(); Fo _ _ )&t 75
D, Al 1= - )
200 [ 20.06 f1= ] //MJFL bity P
2. 14.2 g of BaClz when reacted with excess H2SO4 will produce how many
moles of BaSO4 ? How many grams of BaSO4 is this ?
)28 BaCl2 + H2S04 e=pP BaSO4 + ZHCI
, .
r”.D
7,0/"‘% 142 G Cl, //;':ﬁ Bully [lank (B39 )9338e Ba S% 0. 06t mele
/)0&3\5 o ”L[/M i Mz / S onil Bu Yy - /0/5/5 & 5"7/
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Pt
> 3. 70.6 g of HCI when reacted with Mg metal will produce how many g of
M+ 2L > M + Mo
243 o
7’)')’ ‘__s___g /mw‘!#d ///mr(ﬂqu/ [_7(3 M9 - ?Z W U
g8 [36.5g #eL [ 2t WL s 4
4. 312 g of Sr(OH)2 when reacted with excess HNOg3 will produce how many
g of Sr(NOg)2 ?
Slow) r 2400 =2 S-(w4), * 2H0
b
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o tet g S04 [ )t S, [ 1ot s 0 T =
K

? )
sy ls S AN,

$¥%




CHEMISTRY PROBLEMS
STOICHIOMETRY

‘1
/@. 184 grams of Lead are

reacted with axcess F3 to produce PbFs. How many grams
of product is produced?

r
)

,/ Propanol burns with O3 to form H20 and CO2. How many grams of Propanol
3H70H can be burned by 120 grams of 02 ?

A

i
;

\3. /15.59 of NaC! are reacted with 46.7g of AgNOg3. Which reactant Is in excess? How

much.AgCli is formed? How much of the excess reactant is left over?

4. 119.63g of Hg are reacted with excess KCI, then K(s) and 9.70g of HgClpare
obtained. What is the thaeoretical yield in grams and the percent yield of this reaction?




CHEMISTRY PROBLEMS K Ci \/
STOICHIOMETRY

1. 184 grams of Lead are reacted with excess F» to produce PbF2. How many grams
of product is produced? PL+ i, > 26 /'

b 7.2
- l; 3.0 /G2
LGP | \k P |t R\ pvsag 0Py e 2
[ 207, Zfl/Hp/ [ 1met Bl [ u&% J
2. Propanol burns with O3 to form H2O and CO2. How many grams of Propanol
C3H7OH can be burned by 120 grams of O3 ?
2G04+ 50, 5 6C0 ¢ #4, 0
(~12%3= 24.0
Pl 190,09 05 | 1mAHs IPM(””’*/‘”?M"”’ = 48,95, H, Ok
G- looxt = 16:9 = / / Z. //,,..,f 4y 0N $? 1z
60'%/ ) 310 & 9/
pnir

3. 15.5g of NaCl are reacted with 46.7g of AgNOgz. Which reactant is in excess? How -
much AgCl is forrged';,How much of the exce 7s reactant is left over? 4/ ¢ 4, 49 AL e el
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&) 4. 1f 9.63g of Hg are reacted with excess KCI. then Ks) and 9.70g of HgClo are i m""
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SMART Notebook




Kinetic Theory

		Explains effects of temperature and pressure on matter

		All matter is composed of atoms, ions or molecule	-particles of matter are in constant motion

		Collisions between particles are perfectly elastic

		No change in Kinetic energy

		Energy between particles is transferred

		Happens spontaneously

		High energy transfers to low energy until equilibrium exists

		The distance a particle travels before it collides with another is the MEAN FREE PATH









Pressure

		Effect best described using gases

		Place gas  molecules in closed container

		What happens diagram

		Particles collide with each other

		Particles collide with sides of container

		Collisions with container transfer energy

		Exerts a force

		The force created and the # of collisions causes PRESSURE





		











		Air around us exerts pressure

		Different every day

		Scientists have therefore agreed on a Standard of Pressure at sea level

		101.325 kPa (kilopascals)

		760mmHg, 14.7psi, 1 ATM

		1kPa = 7.501 mmHg











		Measure pressure

		Use a Manometer

		2 types

		Open type

		  atmosphere exerts pressure on a column of liquid (usually Hg) in a U-tube

		Gas studied is connected to tube on other side of column

		Difference in pressures causes the Hg column to rise or fall

		Difference in heights of Hg in U-tube is pressure difference











		Closed type

		Called a BAROMETER

		Atmosphere exerts pressure on a pool of Hg which has a sealed vacuum tube inserted into it

		Tube has a calibrated scale to read the height the Hg will be pushed up the column by the air pressure 

		Measured in mm  (mmHg)

		Standard Pressure will support a column of Hg 760mm at sea level

		Used to calculate actual or ABSOLUTE gas pressure if atmospheric pressure is eliminated











		Absolute pressure calculation



		Atm. Press = 101.3kPa

		If a gas exerts a pressure in an open manometer so the difference in heights is 26.0mm higher on the gas side, what is the gases pressure?



		 26.0mm  1kPa        =  3.47kPa



              7.501mm



101.3kPa – 3.5kPa = 97.8kPa gas pressure



Hon. Read pg.378-382 pg.382 #1-8















		Physical state of matter describes properties of that matter in that state

		State at room temp. & Std.press. depends mostly on bonding in substance

		Ionic- strong charges hold particles together

		Molecular- Van der Waals forces

		High mass usually solid

		N.P. tend to be gases if low mass

		Greater polarity tends to form liquids and solids

		Particle arrangement is important for state











		Solid state

		Definite shape and volume

		Particles occupy fixed positions

		Particles arranged in definite patterns

		Particles vibrate around the fixed points









Liquids

		Distance between particles allows them to slip past each other

		No fixed positions

		Particles appear to vibrate around moving points

		No definite shape- takes container shape

		Has specific volume 









GAS

		Large distance between particles

		Particles can travel in completely RANDOM manner

		No fixed shape

		No fixed volume

		Gas will fill whatever container is present















Temperature and Kinetic Energy

		Most studies of temperature effects are performed on gases

		Speed of gas particles depends on 

		Temperature of gas

		Mass of gas particle

		K.E. is energy of motion

		KE = ½ mv2   











		Particles are in constant collisions with other particles

		Therefore there are many different KE of the particles in a sample

		Take the KE of each particle and find the average energy. 

		Possible?

		So how do we determine the KE of a sample?

		Indicate avg. KE using TEMPERATURE











		Particles are elastic

		No KE is lost because the energy is always transferred between colliding particles

		ENERGY is CONSERVED

		Does the mass of a sample of matter change?

		So what does a decrease in temperature mean

		Particles must be moving slower

		Increase in temperature?

		Particles increase speed

		











		Two substances with same temp. have same K.E.

		Does not mean they have same average velocities

		KE = 1/2mv2

		Less massive particles move faster than more massive



		In theory it is possible to lower the temperature where all molecular motion ceases

		ABSOLUTE ZERO



-273.150C

		Use Kelvin temp. scale 



00K

K = 0C + 273















		Use temperature to determine the flow of energy

		Energy spontaneously flows from warmer (high energy) to cooler (low energy) objects

		When particles collide they transfer their energies until equal

		Transfer of energy is called HEAT

		Measured in joules (J)









Solids

		Study of crystals

		All true solid structures are crystalline

		Crystal

		Rigid body

		Repeating pattern of units of that substance

		Particular geometric pattern

		Repeating pattern called a UNIT CELL

		Arranged in 3D  LD 1347

		Chemical bonding between particles in unit











		All crystals of one substance have the same Intensive physical properties

		Corresponding face angles of 2 crystals of same substance are the same

		Repeating pattern and 3D arrangement determined by chem.bonding between particles

		Ionic cmpds. principally by ratio & radii of ions

		3D repetition of unit cells is a SPACE LATTICE  LD 1348

		14 types of unit cells LD 1349-50













Unit cells

		Ionic compounds

		Pos. ions need to be large enough to not allow neg. ions to make contact with each other and  vice versa

		Positioning allows for max. # of ions to be in immediate surrounding 

		6,8 or 12 neighbors













		3 simplest 3D cells

		Simple cubic

		6 neighbors, 8 total  LD 1351

		Body-centered cubic

		8 neighbors, 9total

		Face-centered cubic

		12 neighbors, 14 total















Closest packing



		Arrangement of atoms of elements

		Hexagonal closest packing(hcp)

		Spheres are closest packed so spheres in 3rd layer are directly over those in 1st layer   LD 1359-63



		Cubic closest packing

		Spheres in 3D are rotated 600 with respect to those in first layer 









Crystal defects



		Dislocations

		2 crystals join together, atoms not perfectly aligned

		Due to missing ions

		Impurities

		Foreign atoms or substances embedded in a lattice

		DOPED- impurities deliberately added

		Semi conductors

		Usually silicon or germanium with arsenic











		Amorphous materials

		Solid but not crystalline

		Disordered arrangement of particles( lack log-range order as in a pure crystal)

		Long lasting form is said to be metasable(glass)

		Do not melt from solid to liquid

		Become more viscous

		Resistance to flow



		











		Allotropes

		Different forms of the same elements



		Atoms in unit cell are arranged differently due to how many atoms they share their e- with



		Graphite and diamonds

		Graphite shares with 3 C atoms	

		Diamonds share with 4 C atoms









Liquids

		Particles slip over each other

		Freezing

		When temp. & pressure are low enough to stop slippage 

		All true liquids have a definite M.P  and F.P.









Vapor

		Gaseous state of a solution that is normally liquid or solid at room temp. (250C)

		If vapor is contained in a sealed container and is opened, there is little chance the vapor would reunite with the liquid or solid form

		Closed container contains a different set of conditions

		In a closed container a point is reached where the # of vapor particles produced equals the # returning to the liquid or solid state

		Therefore a constant  number of particles remain in the various states

		The gas particles strike the containers sides causing pressure











		At this point a EQUILIBRIUM exists

		There is no net change in the # particles in all present phases

		Since there are opposing changes (two or more different states) occurring at the same rate  this is referred to as a DYNAMIC EQUILIBRIUM

		When equilibrium is achieved, the gaseous state is to be saturated (holds all the vapor it can at the surrounding conditions of temp. and pressure)













Physical Change of Liquid to Vapor Equation

		X(l)    X(g)     X = vaporizable substance

		X(l)    X(g)

		X(l)  >  X(g)  reversible change equilibrium



		This happens at a specific Pressure and Temperature*

		*remember the gas will produce a pressure in a closed container











		A change in temperature will cause the equilibrium to shift to the liquid or gaseous state to accommodate the change

		LeChatelier’s Principle

		If stress is applied to a system at equilibrium, the system will  tend to adjust so that the stress is reduced

		Stress is defined as a change in Temperature, Pressure, Concentration or other external forces

		Example:

		Lab: Heat of Fusion of Ice.  Warm water-intro cold ice.



    Shift in equilibrium of ice and liquid as Temp. shifted and equilibrium was reached







Measuring Vapor Pressure

		Use closed manometer exposed to substance under study

		Measure pressure vs. temperature (constant)

		Example:

		H2O has 3.1672kPa at 25.00C

		Substances with low vapor pressure (do not evaporate quickly) have strong intermolecular forces (water)

		High vapor pressure have weak forces (alcohol)

		Ionic compounds do not exert significant vapor pressure due to interionic forces too strong to overcome (NaCl)











		Other liquid properties

		Melting Point (M.P.)

		Temperature at which the vapor pressure of solid and vapor pressure of the liquid states are equal

		Sublimation- substances changes directly from solid to gas

		Deposition- substance changes directly from gas to solid

		Boiling Point (B.P.)

		Temperature at which the vapor pressure is equal to standard atmospheric pressure (101.325kPa)

		Liquefaction of Gases

		Must  have Pressure an a Critical Temperature (Tc)

		Tc- max. temp. at which liquid can exist

		Above this temp. substance will not liquify











		Pressure forces molecules close together

		London forces take effect

		Van der Waals forces can now take effect (short distances)

		Temp. reduction causes the molecules to lose K.E.

		Attractive forces are now sufficient to cause molecules to bind with Van der Waals



		Phase Diagram

		Diagram which shows how states of matter in a system are affected by change of Pressure and Temperature

		Triple Point

		When all three states of a substance exist simultaneously in equilibrium at a specific Pressure and Temperature















Energy and Changes of State

		During a state change, energy is directly being used to break bonds or being given off as bonds form

		Maintains a constant temp.

		Each type of phase change has a given name  (LD1388)

		State changes can be graphed onto a HEATING CURVE















Enthalpy of fusion

		Energy required to melt 1.0g of a specific pure substance at its M.P.

		Represented by DHfus



		Water   DHfus(H2O) = 334J/g









Enthalpy of Vaporization

		Energy required to vaporize 1.0g of a specific pure substance at its vaporization point

		Represented by DHvap



		Water  DHvap(H2O) = 2260J/g











		q= DHm



		q = mDTCp



		Both equations are necessary to calculate the energy required for a substance to increase temp. and change state







35 STATES OF MATTER

Particles of a gas travel in a completely random manner;
‘particles of a liquid appear to vibrate around moving
points; and particles of a solid appear to vibrate around
fixed points.





34 TEMPERATURE AND
PARTICLE MOTION

Kinetic energy
of molecules —>

......
s

. Temperature
Celsius scale
Kelvin scale
Molar masses
g 0, 32 g
H,O 18 g
- H,0 He 409
H, 20g

Fraction of particles

H2

a

Speed of particles




lls Transparency

Use with Chapter 13, Section

Rutile ambyc Barite awbgc
a=p=y=090° a=p=y=090°
Tetragonal Orthorhombic

Cerussite

a#BEy # 90°

a=b=c a#b#c
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Teaching Transparency | Phase Diagfams

A

Use with Chapter 13, Section 13.4

Phase Diagram for H,0
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38 ENTHALPY OF FUSION AND VAPORIZATION
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| PRACTICE PROBLEMS

1. An open manometer, such as the one in Figu
with mercury and connected to a container ofhy
mercury level is 62 mm higher in the arm o
nected to the gas. Atmospheric pressure is 9
the pressure of the hydrogen in kilopascals?

2. A closed manometer, like the one in Figur
the left with mercury and connected to a container of
e in the difference in the height of mercury in the twe
ter, mm. What is the pressure of the nitrogen in

e 3. An open manometer connected to a tank of arg
cury level 38 mm higher in the atmospheri
spheric pressure is 96.3 kPa, what is the p
argon in kilopascals?

4. A closed manometer is filled with mercury and
a container of helium. The difference in the he
cury in the two arms is 86.0 mm. What is the
kilopascals, of the helium?

rEVIEW

«c assumptions of the ki- 8. Apply Normal human blood p
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