Gateway 125, 126, 130
Fall 2006
Studio 5c  p1

Studio 5c 10/06/06:  Hot and Cold Packs 

Concepts:  temperature, Fahrenheit, Celsius, Kelvin, lattice energy, enthalpy of solution, Hess’s law, specific heat capacity 

Reading: 3.7 p 97-99; Dissolving Ionic Solids in Liquids p 727-728; 6.2-6.3 p218-228; 6.5-6.6 p233-240; 6.9 p246-248; 7.12-7.13 p316-317
Group Roles:  A Recorder; B Technician; C Leader
Now that you have studied atoms, molecules, and intermolecular interactions, it is time to introduce energy into your chemical repertoire as you move toward the study of chemical reactions.  
Chemical energy takes on many forms such as heat, light, and work.
Questions:  How can chemical energy be employed to make the common first aid items hot and cold packs?
1)  List all of the important features to consider in making a hot or cold pack:

Data/Fact Gathering:  
You need to measure hot and cold.  Sure, you could use your skin as a sensor to tell if something is hot or cold, but your skin can only provide a relative sense of hot and cold and works in only for a limited temperature range

Thermometers

The original thermometers used ethanol, mercury, or another substance which expands linearly with the amount of heat energy added to quantitatively measure temperature.  Today, many other materials are used to measure temperature such as bimetallic strips and thermocouples.  A thermometer is calibrated to two known temperatures such as the boiling point and freezing point of water and then “marked” in the desired temperature scale.  Thermometers have been around since the 16th century and have an interesting history. 

Temperature scales

When Fahrenheit developed his temperature scale (oF), he chose the temperature of saturated salt water at the freezing point for zero degrees, and he chose his own body temperature as 100 degrees.  (He must have been running a slight fever that day, since normal body temperature is actually 98.6 degrees, not 100.)  Then he divided the distance in his thermometer between these two points into 100 equal divisions or degrees.  

The Celsius temperature scale (oC) was set up with 0o as the freezing point of water and 100oC as the boiling point of water with the range in between divided into 100 equal increments.  It is the official metric unit.

2)  Which is larger a degree Fahrenheit or a degree Celsius?  Explain.

The Kelvin temperature scale (K) came about when scientists set 0 K to absolute zero, the hypothetical temperature characterized by a complete absence of heat and defined 0 K = -273.15 oC = -459.67 oF. (Figure 1) 
  A degree Kelvin is the same size as a degree Celcius, so 273.15 K is 0oC.
3) Using Figure 1 and the equations below, determine the boiling point of liquid nitrogen            (-196oC) in K and oF.

T(oF) = 9/5 T (oC) + 32 

T(oC) = 5/9 (T(oF) - 32)
T K = T(oC) + 273 

Figure 1:  Temperature scales
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From:  http://www.pa.msu.edu/~sciencet/ask_st/012992.html
4) Temperature is a measure of heat, but what is heat?

a) First define heat scientifically.  
b) How many other definitions or references to heat can you think of?  (For example in baseball, a pitcher might throw the “high heat.”)
5) Are there any differences on a molecular level between a beaker of water at 5oC and a beaker of water at 95oC?  

6) As you found with some brainstorming, heat is not unique to science and is very much a practical, cultural, and slang term.  So what about cold?

a)  Define cold from a chemical/scientific point of view.

b) How is cold used or referenced outside of chemistry?

In order to make a hot or cold pack, you need a chemical process that will either give off heat or consume heat.  Last studio you observed the change in temperature from evaporation of liquids and the effect of intermolecular forces on the net change in temperature.  You probably don’t want to make a cold pack that relies on evaporation, but you do know that that heat energy is related to intermolecular forces.  

Keeping this idea in mind, examine the chemical process of dissolving salt in water.

5) Is the dissolving of a salt such as sodium chloride (NaCl) in water a chemical change or a physical change?

6)  Draw a picture of the salt and water and then salt dissolved in the water.  Label the bonding and/or intermolecular forces involved.

Does the dissolving (rearrangement) take energy or give off energy?  (Very few chemical reactions or processes are what we would call thermally neutral; that is they neither consume nor produce energy.) If dissolving the salt results in energy consumption or production, the energy is in the form of heat, and enough heat is consumed or generated to affect the temperature of the water, then it would be possible to make a hot or cold pack.)

Data Gathering:  Given the following salts, determine which, if any would make a good hot pack and which a cold pack.  
· MgSO4 

· CaCl2 

· LiCl 

· LiBr 

· KNO3 

· NH4NO3 

· NaC2H3O2 

· KCl 

7) What data do you think you should collect?  Read the suggested procedure and sketch a data table.  You should take at least four measurements for each salt dissolving.

Procedure: 
Dissolve your salt in water in a well insulated container so that all of the heat energy does not escape nor is your temperature affected by heat from the outside.  Figure 2 shows a coffee cup as a reaction vessel.

Figure 2:  Suggested Experimental Set-up
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8)  Why would a stir plate be a good idea?  

Add 50 mL of  DI water to the coffee cup.  DI (deionized water) has been treated so that ions in the water are removed.  

9)  Why is the use of DI water important for your experiments?

Add a stir bar and carefully adjust the rate of stirring.  Add a carefully measured mass of salt as suggested below.  (Your group will be assigned 2.)

· ~ 1 gram: MgSO4 anhydrous, CaCl2, LiCl, LiBr
· ~ 2 grams: KNO3
· 2.5-3 grams: NH4NO3, NaC2H3O2, KCl
Once each group has gathered measurements on each of their salts, the class should combine their data.  While your technicians and recorders are beginning the experiment, group leaders should consult to make sure everyone is obtaining the data that you need.  Make the assumption that all heat energy was contained within your measuring device (coffee cups) and heat energy is conserved.
Data Table (give it a title and label all columns and rows appropriately).

Evaluation:  
Can you explain what is going on?  Here is a model for the molecular interactions taking place.

Figure 3:  Model of solvation of ionic solid
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Energy (aka lattice energy) is required to break up the ion-ion interactions of the salt as represented in the chemical equation shown below.  Note:  the solid salt is turned into gaseous ions.  A Hrxn of 788 kJ/mol means that 788 kJ of energy are required to change 1 mole of solid sodium chloride to its gaseous anions.  

NaCl(s) (  Na+(g)  +  Cl-(g)     Hrxn = 788 kJ/mol = lattice energy   (endothermic)

Heat energy is given off when the ion-dipole interactions between each the cation (Na+) and the anion (Cl-) with water are established (a process called hydration).  Note that gaseous ions are being dissolved.  The hydration energy of Na+(g) is –444 kJ/mol and that of Cl-(g) is –340 kJ/mol.   

Na+(g)  (   Na+(aq)   Hrxn = -444 kJ/mol  = hydration of Na+     (exothermic)


Cl-(g)   (    Cl-(aq)    Hrxn  =  -340 kJ/mol = hydration of Cl-       (exothermic)

For every mole of gaseous sodium ions that are dissolved in water, 444 kJ of heat are given off.  For every mole of gaseous chloride ions that are dissolved in water, 340 kJ of heat are given off.
10)  Why is the lattice energy listed as a positive quantity, while the energies of hydration are negative quantities?

11) How would you define endothermic and exothermic?

You are interested in the heat associate with the process you carried out in lab, known as the heat of solution: 

NaCl(s)  →   Na+ (aq)  +   Cl- (aq)    ΔHsolution =  ?

One mole of sodium chloride dissolved in water forms one mole of aqueous sodium ions and one mole of aqueous chloride ions.
12) Figure 4 shows an energy diagram.  The x axis is not important, but the y-axis represents increasing heat energy (H).  Label the Hsolution., lattice energy, and energy of hydration on the diagram.  Add the quantities for the lattice energy and energy of hydration and find the heat of solution.
Figure 4:  Energy diagram
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13) Would the dissolving of sodium chloride in water be endothermic or exothermic?  

14) How would this affect the temperature of the water that the sodium chloride was being dissolved in?

15) The lattice energy is always a positive quantity (an endothermic reaction), while the heats of hydration are always a negative quantity for an exothermic reaction.  Describe their relationship in a situation where you have a net exothermic heat of solution.  Would the water temperature go up or down?
You can add chemical reactions together just like you might add algebraic reactions together:  1) line up the reaction arrows;  2) cross out any ion or molecule that appears in equal molar amounts as a reactant and as a product; 3) write your net chemical reaction; and 4) add up all of your heats of reactions to get your net heat of reaction.  

NaCl(s) (  Na+(g)  +  Cl-(g)     Hrxn = 788 kJ/mol

Na+(g)  (   Na+(aq)                 Hrxn = -444 kJ/mol

Cl-(g)   (    Cl-(aq)                   Hrxn  =  -340 kJ/mol

NaCl(s)  →   Na+ (aq)  +   Cl- (aq)   Hrxn  =  +4 kJ/mol
This is often a convenient means to determine the heat of an unknown reaction and is known as Hess’s law.
16)  There are two rules for heats of reactions that you should keep in mind when adding up chemical equations.  Using the data included below, write down the rules in your own words.

Rule 1:

   NaCl(s)  →      Na+ (aq)  +     Cl- (aq)       Hrxn  =  +4 kJ/mol
2 NaCl(s)  →   2 Na+ (aq)  +  2 Cl- (aq)       Hrxn  =  +8 kJ/mol
5 NaCl(s)  →   5 Na+ (aq)  +  5 Cl- (aq)       Hrxn  =  +20 kJ/mol
Rule 2:

NaCl(s)                     (  Na+(g)  +  Cl-(g)     Hrxn = 788 kJ/mol 

Na+(g)  +  Cl-(g) ) (  NaCl(s                 Hrxn = - 788 kJ/mol

Na+(aq) (   Na+(g)    Hrxn = +444 kJ/mol  

Na+(g)  (   Na+(aq)   Hrxn = -444 kJ/mol  
17)  For every 1 mole of NaCl that was dissolved, 4 kJ of heat was required or 4 kJ/mol NaCl.  How many kJ of heat would be needed to dissolve 1 g of NaCl?

Getting back to those hot and cold packs again:

18) Which salts have endothermic heats of solution?  Should you use these for your hot or cold packs?

19) Which salts have exothermic heats of solution?  Should you use these for your hot or cold packs?

Can you find the Hsolution by measuring the temperature of water?  
If you make the assumption that all of the heat (q) from the solvation reaction goes into or comes out of the water, you might write:


q water = - qsolution *
*q and H are both symbols used to represent heat energy.  If heat is given off by the dissolution of the salt (an exothermic reaction with a negative then that heat will go into the water (qwater an endothermic raising of the temperature of the water, with a positive sign equal in quantity to  q solution.)  The negative sign is added to account for the sign difference.
For any substance that undergoes a temperature (without a change in state or any chemical reaction):


q  = m C T





From your data, you should be able to find mass of water (m) and the change in its temperature (T).  The specific heat capacity (C) of a substance is a constant which can be found in Table 6.1 in your text.  For H2O(l) C = 4.184 J/(goC).  Thus you can find qwater and qsolution.
19) Calculate the qsolution for the salts that you used in kJ.  (Note 1000 J = 1 kJ)
20)  Why are some negative and some positive?  For one salt with a positive qsolution and for one salt with a negative qsolution fill in an energy diagram below.  Label each diagram as fully as possible


[image: image5.wmf]H

i

o

n

i

c

 

s

o

l

i

d

i

n

d

i

v

i

d

u

a

l

 

i

o

n

s

(

g

)

 
[image: image6.wmf]H

i

o

n

i

c

 

s

o

l

i

d

i

n

d

i

v

i

d

u

a

l

 

i

o

n

s

(

g

)


21)  The Hsolution   is the qsolution/mole salt dissolved with units of kJ/mol. Find the Hsolution of each of your salts.
Guidelines for your write-up of this activity for Chemical Scholarship Assignment 5

Using one of the salts how would you construct the best hot pack?  the best cold pack?

Consider the following:

A.  What kind of error do you have in your results?  (Where could measurements have been affected?  Did each group get the same results?) 

B.  In your data table be sure to include all original data collected as well as the qsolution (Q19) and the Hsolution for each salt (Q22).  Make sure that you use the correct signs.
C.  Which of the salts that the class tested would work best for a commercial heat pack?    What about a cold pack?  
· How large should the pack be?  How much water would you need?

· What temperature do you want a hot pack/cold pack?
· Is the amount of salt required to reach that temperature reasonable?  
· Is your salt the cheapest available? (the Aldrich or Sigma catalog located at the front of the lab or SLC would be a good resource for price.)
· Would the salt be toxic if a child bit into the pack?  (MSDSs would be good sources for this information)
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mass of substance





heat (Joules)








� (� HYPERLINK "http://www.capgo.com/Resources/InterestStories/TempHistory/TempHistory.html" ��http://www.capgo.com/Resources/InterestStories/TempHistory/TempHistory.html�) 
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_1209966289.cdx

_1209966331.cdx

_1176801183.cdx

_1176801191.cdx

