Gateway 125,126, 130
Fall 2006
Studio 6b  p4

Studio 6b:  10/11/06: Thermochemistry Problems
Group assignments:  A Reporter/Skeptic;  B Leader; C Recorder
Question:  
True or false:  if you add heat to a substance it will always accompanied by a change in temperature? 

Hypothesis:
1) Write out your hypothesis and your reasoning behind it:

Data/Fact Gathering:

The following webpage has a demonstration.  When you click on the link go to the bottom of the page where you will see a brown container on the left containing a blue solid with a khaki colored plunger.  To the right you will see a blank graph.  Note the units on each axis.  Click on and hold down the heat button and watch what happens as the substance is heated from a solid to a liquid to a gas.
Try out the demonstration 

Evaluation
Now, read the webpage and answer the questions it poses (which are also below):

2) Why are there regions where the temperature does not change with time, despite the fact that heat is being added to the system? 

3) In most cases, the transfer of heat to an object increases its temperature.  In the regions where the temperature does not change as heat is flowing into the substance, what change is the heat producing? 

4) What is the melting point of the substance? 

5) What is the boiling point of the substance? 

6) What is the molar heat of fusion of the substance? (Bear in mind that 0.200 mole of substance is present in the cylinder.) 

7) What is the molar heat of vaporization of the substance? (Bear in mind that 0.200 mole of substance is present in the cylinder.) 

8a) How does the heating curve for a 400 W heating rate compare with that obtained using a 200 W heating rate? (Be quantitative in your answer.) 

8b)  Do the melting point and boiling point depend upon the heating rate? 

8c) Do the molar heat of fusion and the molar heat of vaporization depend upon the heating rate? 

9) Evaluate your hypothesis:

Follow up Information and Evaluation
10) Write out the reactions corresponding to the Hvap and Hfus of water.

11)  Write out the reaction corresponding to the sublimation (Hsubl) of solid CO2 (dry ice) to gaseous CO2. 
12) These are all processes where a substance gains heat energy from its surroundings.  Do these reactions have a (positive or negative) H? 

13) For the opposite phase changes (condensation, solidification or freezing, deposition) the substance loose heat to their surroundings.  What is the sign of H?

14) Values for Hfus can be found on p 498 and Hvap can be found on page 497 of the Moore text.  These H's have units of kJ/mol as opposed to the heat capacity units of kJ/(K mol).  Why?

15) How much energy does it take to melt an ice cube weighing 1.0 g and coming out of a freezer at -10oC?

How much energy does it take for the resulting puddle of water to evaporate?

Hvap H2O = 40.7 kJ/mol
Hfus H2O = 6.02 kJ/mol

C H2O(s) = 2.06 J g-1 oC-1
C H2O(l) = 4.184 J g-1 oC-1
16) The enthalpy of fusion of sodium chloride is 30.21 kJ/mol, but its heat of solution in water is only ~ 3 kJ/mol.  Why?

17) You hold a gram of copper in one hand and a gram of aluminum in the other.  Each metal was originally at 0oC. (Both metals are in the shape of a little ball that fits into your hand.)  If they both take up heat at the same rate, which will warm to your body temperature first?

18) A 192 g piece of copper was heated to 100 oC in a boiling water bath and then put into a beaker containing 750.0 mL of water (density 1.00 g/cm3) at 4oC.  What are the final temperature of the copper and water after they come to thermal equilibrium?

19) Can fats help us burn off calories?

The following passage was taken from a newsletter to athletes:

"You may remember from your high school chemistry classes that it takes 1 calorie to heat 1 gram of water 1 degree Celsius. Translated into meaningful terms, this means that if you eat a very cold dessert (generally consisting in large part of water), the natural processes which raise the consumed dessert to body temperature during the digestive cycle literally suck the calories out of the only available source, your body fat.

For example, a dessert served and eaten near 0 C will in a short time be raised to the normal body temperature of 37 C. For each gram of dessert eaten, that process takes approximately 37 calories. The average dessert portion is 6oz., or 168 g. Therefore by operation of thermodynamic law, 6216 calories (1 cal/goC x 37oC x 168g) are extracted from body fat as the desserts temperature is normalized. Allowing for the 1200 calories of the dessert, the net calorie loss is approximately 5000 calories. Obviously, the more cold dessert you eat the better off you are and the faster you will lose weight, if that is your goal.

This process works equally well when drinking very cold beer in frosted glasses. Unfortunately, for those who eat pizza as an excuse to drink beer, pizza (loaded with calories and served above body temperature) induces an opposite effect. But, thankfully, as the astute reader should have already reasoned, the obvious solution is to drink a lot of beer with pizza and follow up immediately with large bowls of ice cream."

Can eating dessert really make you skinny?  Critique the argument by stating what is correct and what is incorrect about it. Support your answer.



























































































