Gateway 125,126, 130
Fall 2006
Studio 7b p8

Studio 7b:  10/18/06:  Thermochemistry and fuel; Working with solutions
1) Group change

2)  Thermochemistry and fuel
3)  Mixing solutions
Reading:  5.1 p 165-172; 5.6-5.7 p 192-201

Group assignments:  A Technician/Researcher;  B Leader; C Recorder
1) Group Change
A)  Group Evaluation

Fill in the group evaluation form at the end of the course pack.

B)  New Groups
Introduce yourselves to the group.  Tell everyone three things about yourself (such as favorite place to travel, what you did last summer, your favorite movie, your favorite meal to fix, what you like to do on the weekends, what you aim to be when you “grow up,” etc.)  Exchange information such as e-mail/phone/address.

Then share responses to the following questions:

1. What do you perceive to be your responsibilities to the group (list these on the board or on paper)

2. What are the responsibilities the group has to each member 

3. Describe the advantages of working in a group or as a team 

4. Describe the disadvantages of working in a group or as a team 

Draft a Group Covenant based on your discussion of the questions above which outlines each group members' responsibilities to the group and the group responsibilities to each member. (3-5 sentences.)  Write/print out a copy of the covenant and have every group member sign it and give a copy to your GSI.  You may want to keep a copy for yourselves.

2) Thermochemistry and Fuel

1) Predict which of the reactions below would be a good source of chemical energy and explain why.

N2H4(l) + O2(g) (N2(g) + 2 H2O(g)
N2(g) + O2(g) ( NO2(g) 

H2(g) + 1/2 O2(g) ( H2O(g)
CH4(g) + 2 O2(g) (CO2(g) + 2 H2O(g)
CF4(g) + 2 O2(g) (  CO2(g) + 2 F2O(g)
2) Besides energy considerations, what other factors must be considered when evaluating a fuel for practical use in an automobile, airplane, or home heating system?

3) One of the most widely consumed fuels in the United States is gasoline.  A car engine ideally converts all of the hydrocarbons in gasoline to CO2 and H2O.  This is an ideal situation, and often the gasoline can only be oxidized to CO and water.  If you assume that octane (C8H18) represents gasoline, what is the loss in energy from combustion when octane is converted to CO rather than CO2?

4) Hydrogen is being evaluated as an alternative fuel source.  How does the energy available in combustion of hydrogen compare with that of octane in energy per gram?
5) What are some advantages and disadvantages to replacing gasoline with hydrogen?

3) Chemistry of solutions 

The association of heat energy with chemical reactions has been established.  You carried out dissolutions and burning (reaction with oxygen) in order to consume or release heat energy.  Chemical reactions hold other utility.  For example, they can be used to synthesize or make new compounds or they may be used to generate electricity.  Your next challenge will be to use them for analysis:  the determination of the concentration of a given molecule in a solution.  

In order to work with a solution, you need to acquire an understanding of solution chemistry.  A solution is a homogeneous mixture composed of one or more substances, known as solutes, dissolved in another substance, known as a solvent.  Think of making hot chocolate, a solution.  
6)  What is your solute?  What is your solvent?
7)  You have had the opportunity to measure solids (potential solutes) by mass using a balance.  How do chemists measure liquids?  

8)  Match the names of the types of glassware to the pictures below (buret, graduated cylinder, volumetric flask):
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Burets, graduated cylinders, and pipets are used to dispense accurate volumes of liquids.
Volumetric flasks are used to make up solutions.

Here are some statements about solutions: 
A) 25 mL of 0.1 M zinc (II) nitrate in a 50 mL beaker  (From Figure 2)
B)  Ocean water is 35,000 ppm salt.
C) On January 22, 2001 EPA adopted a new standard for arsenic in drinking water at 10 ppb, replacing the old standard of 50 ppb.

Q:  What do M, ppm, and ppb mean?

A:  M (molarity) is the most common way that chemists measure concentration.  Molarity is the moles of solute per liter of solution (moles/L).  Going back to statement A, there are 0.1 moles of zinc (II) nitrate in every liter of solution.  
7)  If you measured out 25 mL of this solution, how many moles of zinc nitrate would you have?

8)  If you dissolve 0.2783 g of NaCl(s) in water in a volumetric flask and fill up to the 250.00 mL mark what is the molarity of the solution in NaCl?  (NaCl = 58.5 g/mol)

9) Why would you prepare a solution this way?
A:  ppm (and ppb (parts per billion)

PPM: (parts per million) 1 item out of a total of 1 million items.  For example, if you had 1 million total beads with one red bead and 99,999 white beads, then you could say that the red bead was 1 ppm.  Of if you had 1 g of copper in a mixture that had a total mass of 1 million grams, then the mixture would be 1ppm copper.  
PPB: (parts per billion) 1 item out of a total of a billion items.  If you had four molecules of oxygen in a mixture that contained four billion molecules, then the mixture would be 4ppb oxygen.

Q:  How does this relate to solution chemistry?  1 ppm is equivalent to 1 mg/1kg.  In an aqueous solution, most of molecules in the solution are going to be water.  The density of water is 1 g/mL = 1 kg/L.  So the densities of most aqueous solutions are ~1g/mL.  Ppm for aqueous solutions becomes 1mg solute/kg solution.  Substitute in the density of the solution (1kg/L) and you get 1 mg solute/L solution.
1 ppb becomes 1g solute/L aqueous solution.
Note:  Careful unit conversion is the key to navigating solution chemistry.

8) From Q13, what is the concentration of NaCl in ppm?
9)  Assume that all of the salt in the ocean is NaCl.  What is the molarity of ocean water?

10) What molarity of arsenic in drinking water is equivalent to 50 ppb?

11)  Jim has a saltwater aquarium tank and notices that the volume of water in the tank is dropping slowly.  What is happening to the concentration of salt in the tank?  How should he fix the problem?

Practice Aqueous Solution Problems
12)  To a solution of 10 mL of 6M NaOH is added enough water to make a 100 mL solution.  

a) The number of moles of NaOH present:  

increases by a factor of 10

decreases by a factor of 10

remains unchanged

b) The concentration of NaOH is:

increased by a factor of 10

decreased by a factor of 10

remains unchanged

13)  Concentrated HBr (made up of HBr and H2O) is 48% HBr by mass and has a density of 1.50 g/mL.  How many grams of this solution are required to prepare 500.0 mL of 0.600 M HBr?

14)  A 25.0 mL sample of concentrated HCl (12.0M) is diluted to a final volume of 750.0 mL  What is the molarity of the final solution?

15)  What volume (mL) of 0.872 M K2CrO4 should be used to prepare 100.0 mL of a 0.125M solution?

16)  Babbitt metal contains 90.0% tin, 7.0 antimony, and 3.0% carbon by weight.  What is the concentration of carbon in the metal in ppm?

Challenge: (Do your ICP first!)
Specifications for lactated Ringer’s solution, which is used for IV injections, are as follows:  For each 100 mL solution:

285-315 mg Na+
14.1-17.3 mg K+
4.9-6.0 mg Ca+2
368-408 mg Cl-
231-261 mg lactate, C3H5O3-
Specify the amounts of NaCl, KCl, CaCl2·2H2O, and NaC3H5O3 needed to prepare 100 mL of lactated Ringer’s solution.



























































































� Ideas from Laursen, S.; Mernitz, H. Would You Like Fries with That? The Fuss About Fats in our Diet; Wiley & Sons: New York , 2000.





