Endothermic v. Exothermic Reactions:

What drives a chemical reaction?

hssc expectations:
	C3.4
	Endothermic and Exothermic Reactions Chemical interactions either release energy to the environment (exothermic) or absorb energy from the environment (endothermic). 

	C3.4B
	Explain why chemical reactions will either release or absorb energy.

	C3.4x
	Enthalpy and Entropy All chemical reactions involve rearrangement of the atoms. In an exothermic reaction, the products have less energy than the reactants. There are two natural driving forces: (1) toward minimum energy (enthalpy) and (2) toward maximum disorder (entropy).

	C3.4d
	Draw enthalpy diagrams for reactants and products in endothermic and exothermic reactions.

	C3.4e
	Predict if a chemical reaction is spontaneous given the enthalpy (ΔH) and entropy (ΔS) changes for the reaction using Gibb’s Free Energy, ΔG = ΔH - TΔS (Note: mathematical computation of ΔG is not required.)

	C3.4f
	Explain why some endothermic reactions are spontaneous at room temperature.


purpose:
To study reactions and determine what factor(s) has caused the reaction to occur. 
materials/equipment:
Part 1




Part 4
Sodium bicarbonate                            Caution: Wear clothing and eye protection
Acetic acid solution


potassium permanganate (s)
glass test tube (20ml)                          pipet    

wood splint                                         conc. sulfuric acid

Part2




Part 5
Ethanol 



copper metal (s)
small plastic bottle


conc. nitric acid
wood splint                                          1000 ml beaker or grad. cylinder

Part 3

Ammonium chloride, 
thermometer 
water.

Be sure to wear safety goggles and protection for your clothing when performing any of the following tests
Answer the questions after you have completed the procedure.
procedure:

Test #1:

Add slowly 10 ml of 1.0 M sodium bicarbonate with 10 ml of 3 M acetic acid (dilute) in a test tube.  Note the product of the reaction.   Light a wood splint with a match or bunsen burner and test the gas by placing a glowing splint in the mouth of the test tube. (Do not drop the splint into the test tube, hold it in the mouth) 


a) What happens? 
b) What does this indicate is the gas present?
The reaction that occurs happens in two parts. First there is a double replacement reaction, to form sodium acetate and carbonic acid. The aqeueous carbonic acid then will then decompose into a gas and water. 
c) Is the reaction exothermic or endothermic? 
d) How might you change the experiment to determine if it is?
Write the two reactions that occur and by examining the change in states, determine if the system's entropy has increased. 
e) draw an enthalpy profile for the reaction (qualitative not quantitative) 
Test #2:
Add 10 ml of 95% ethanol to a clean small plastic bottle, ( 100 ml ). Swirl the bottle around for 2 minutes and drain the ethanol back into its container. Let the bottle stand for 30 seconds. Light a splint of wood with a match or bunsen burner and carefully pass it over the mouth of the bottle. 

a) What happens? 
b) What substance in the air has the ethanol combined with?
A complete combustion has occurred (products are carbon dioxide and water). Write out the balanced formula equation for the reaction that has occurred. 
c) Is it exothermic or endothermic? .
d) How can you tell?
e) Did the entropy of the system increase? 
f) Count the number of gas molecules in the reactant and product. How does this help you decide if entropy has increased ?
g) draw an enthalpy profile for the reaction (qualitative not quantitative) 
Test #3:
Measure out 100 ml of water and take it's temperature. Measure of 2.5 grams of ammonium chloride and add it to the 100 ml of water in a 250 ml beaker. 

a) What change occurred in the temperature? 
b) What does this indicate about the reaction?. 
The products are aqueous ions. Write out the balanced dissolving reaction. 
NH4Cl (s) ------->_____________ (aq) + _____________(aq)
c) Did the entropy of the system increase due to the change in state? 
d) draw an enthalpy profile for the reaction (qualitative not quantitative) 
Test #4: Teacher Demonstration
Sulfuric acid is very corrosive and gloves, eye protection and lab aprons should be used when performing this demonstration Watch the teacher demonstration above or perform the following procedure under teacher supervision. Place a small quantity of potassium permanganate on an ceramic mat in an empty fume hood. Add 3 or 4 drops of concentrated 18 mol/l sulfuric acid. Step back and observe the reaction. It may take several seconds before it begins. 

a)Is this reaction endothermic or exothermic? 
b)What drive(s) may have caused this reaction to occur spontaneously?
c) draw an enthalpy profile for the reaction (qualitative not quantitative) 
Test #5:
Nitric acid is highly corrosive and lab apron, goggles and gloves should be worn as protection when handling the acid. This test should also be perform in a fume hood or other well ventilated area. 
In a tall graduated cylinder (or 1000 ml beaker) place a copper penny or a piece of copper wire. Add 10 ml of concentrated nitric acid to the beaker or cylinder and note what happens. The products of the reaction are copper(II) nitrate solution, water and nitrogen dioxide gas.


a) What color is the nitrogen dioxide gas?
b) Feel the base of the beaker. Is the reaction exothermic or endothermic?
Write out the balanced formula reaction that has occurred between the copper and nitric acid. 
c) What are the states of the products produced ? 
d) Examine the states of the reactant and products. Has entropy increased in system as the reaction occurred? 
e) draw an enthalpy profile for the reaction (qualitative not quantitative) 
