Title: Endothermic Reaction: Barium Hydroxide and Ammonium Salts

Age Group: 6th-12th 

Type: Stage Show - Energy Show

Abstract


Two solid white reactants will be mixed in a flask to produce a liquid, which is very cool to the touch.  The flask can be frozen to a wet wooden block.  Ammonia is a product of this reaction so a balloon must be used to prevent inhalation of this undesirable gas.  With in a minute of two, the temperature of the mixture drops to about 45°C below room temperature.

Supplies:

32 grams barium hydroxide octahydrate, Ba(OH)​28H2O

11 grams ammonium nitrate, NH4NO​3
125 ml Erlenmeyer Flask

Small block of wood, about 4”x4”x2”

Balloon

Water squirt bottle filled with water
Preparation:


Weigh barium hydroxide and ammonium nitrate and store separately in bottles or 50 ml centrifuge tubes.  

Description:

Prerequisites


Students should be familiar with the following things prior to the experiment so they can better understand the concepts covered in this demonstration.

1. The concept of atoms and molecules

2. Energy is stored in chemical bonds

3. The concept of a chemical reaction, i.e., reactants and products

4. The idea of energy, to know what is energy, or at least examples of energy

Objectives

· That endothermic reactions use energy from their surroundings to react

i. Energy is a reactant of endothermic reactions

· Solids can form to make a liquid

· Understand activation energy

Vocabulary

Chemical Bonds – interaction between two atoms.  Energy is used to create, so stored potential energy is present in the bond.  In particular we are discussing covalent bonds which are the strongest type of chemical bonds and involves the interaction of electrons.  

Potential Energy – Simply stored energy

Endothermic Reactions – Reactions that gain energy from the surroundings to react

Activation Energy –the energy that an atomic system must acquire before a process (such as an emission or reaction) can occur.

Entropy (S) - (thermodynamics) a measure of the amount of energy in a system that is no longer available for doing work; entropy increases as matter and energy in the universe degrade to an ultimate state of inert uniformity.  The amount of chaos in the system

Enthalpy (H) - the sum of the internal energy of a system and the product of its volume and pressure or the heat of the system.  Traditionally expressed as the heat of reaction.
Gibbs Free Energy (G) – A unit defined only mathematically to determine the potential for reaction, that is whether the reaction will occur (G<0) or not (G>0).  The total amount of energy which is either used up or released during a chemical reaction. Gibbs free energy (G) = (H) - t (S): where (H) is the change in enthalpy, calculated by adding up the amount of energy released or used up to break or form chemical bonds during the reaction; t is the temperature at which the reaction took place; and (S) is the change in entropy, or amount of disorder, that occurs in the molecules involved during the reaction.

Abstract


Two solid white reactants will be mixed in a flask to produce a liquid, which is very cool to the touch.  The flask can be frozen to a wet wooden block.  Ammonia is a product of this reaction so a balloon must be used to prevent inhalation of this undesirable gas.  With in a minute of two, the temperature of the mixture drops to about 45°C below room temperature.

How to

[image: image1.wmf]
Saturate wooden block with water.  Ensure the water has soaked into the surface of the wood.  Place the pre-weighed amounts of barium hydroxide on ammonium salt into Erlenmeyer flask.  Cap flask with balloon.  The reaction will begin to create ammonia gas within 30 seconds of mixing the reactants, it is important to keep the balloon on the flask until time of disposal.  Shake flask gently to mix the reagents.  Once the product appears to be liquid in form, place the flask on the saturated block.  Let the flask reside on the block while you explain what is going on inside the flask.  Add additional water around the flask and block initially, only, do not continue to add water.  The flask should freeze to the block after 30 seconds to 2 minutes of undisturbed contact with the block.  Once the flask has become frozen to the block, it can be passed around under volunteer supervision.

Explanation


An endothermic reaction is one that requires energy from its surroundings in order for the products to react.  This energy is gathered from the molecules surrounding the flask, bouncing into it.  These air molecules hit the flask, give energy to the reaction, and slow down as a result.  Energy is also created by changing the water on the wood from liquid phase to solid phase.  Additional energy is given by agitating the mixture.  When you touch the flask and feel that it is cold, the reaction is taking energy from your fingertips.  


The energy of the reactants is lower than that of the products.  This is a complete contrast to the exothermic reactions (Methanol cannon or potassium permanganate reaction).  If we look at the energy diagram for this reaction we see that the reaction loses energy, therefore energy must be taken from the surroundings in order for the reaction to occur.  This would be like the car going up the hill.  You would have to use energy to push the car up the hill and so must the reaction use energy to react.  
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This reaction is turns two solids into liquids.  The solids contained trapped water molecules that become released, forming a liquid.  The reaction for this process is:

Ba(OH)​28H2O(S) + 2 NH4NO3(S) > Ba(NO3)2(s) + 2 NH3(aq) + 10 H2O

The products are water, barium nitrate, ammonia gas (in water just like you buy in the store) and water.  

Safety:


Since the reaction produces temperatures significantly lower than body temperature (-25°C or -30°C within 1-2 minutes and remains below -20°C for several minutes), the flask should be handled with care and prolonged contact with the skin should be avoided.


Soluble barium salts are poisonous if ingested.  Upon contact with the skin, barium and ammonium salts may produce minor irritations or allergic reactions.  If the flask is spilled or broken, its contents should be flushed down the drain with water.


Inhalation of concentrated ammonia vapor causes edema of the respiratory tract, spasms of the glottis and asphyxia.  

Technical:


In the reactions between Ba(OH)​28H2O(S) and 2 NH4NO3(S) the barium salts that are formed have limited solubility (they don’t mix well with water).  The reaction is as follows.  

Ba(OH)​28H2O(S) + 2 NH4NO3(S) > Ba(NO3)2(s) + 2 NH3(aq) + 10 H2O


This reaction display endothermic processes and illustrate the interactions between changes in enthalpy and entropy.  Enthalpy (H) is a thermodynamic function of a system, equivalent to the sum of the internal energy of the system plus the product of its volume multiplied by the pressure exerted on it by its surroundings.  Or simply it is a measure of energy of a system, in this case the system is a chemical reaction.  Entropy (S) is the amount of chaos in the system.  One of the rules of thermodynamics is that a system is always working towards a reduction in entropy , i.e., more disorganization or chaos.  Simply if you have a solid, it wants to go to a liquid and then wants to go to a gas, since solids are much more ordered than gases.  It takes energy to stay in solid state, you can think of it as everyone (in this case molecules) wants to be as lazy as they can get away with.  The reason things are in the solid state is that it does take a small amount of energy to change phase, which is usually returned eventually, but this is a tangent thought.  


For a process to take place spontaneously (without help, such as a catalyst) at constant temperature and pressure, the change in Gibbs free energy (G) is calculated from the relation G=H-TS, must be negative.  Where  represents change (e.g., G final – G initial = G), and T equals temperature.  An endothermic reaction may thus be spontaneous at a constant pressure if the positive value of H (representing heat absorbed from the surroundings)  is offset by a sufficient increase in entropy.  The reactions between Ba(OH)​28H2O(S) and the ammonium salts, the large increase in entropy is related to the increase in the number of particles present and their states.  That is you have 2 products both in solid states that go to 3 products in solid, liquid and gaseous states… the entropy increases, the molecules become more lazy and thus more happy.  


Thermochemical data for barium hydroxide, ammonium salts and other relevant substances are listed below:

	
	H°f
	S°298
	C°p(298)
	G°f

	Substance
	kJ/mole
	J/mole K
	J/mole K
	kJ/mole

	Ba(OH)​28H2O(S)
	-3342
	427
	-
	-2793

	NH4NO3(S)
	-365.6
	151.1
	139
	-184.0

	Ba(NO3)2(s)
	-992.07
	214
	151.4
	-796.72

	NH3(aq)
	-80.29
	111
	-
	-26.6

	H2O
	-285.83
	69.91
	75.291
	-237.2


Notes on table:


H°f  = enthalpy of formation

298 is room temperature in Kelvin.  Kelvin (K) is an absolute temperature unit, not indicated with a degree sign.

Cp = heat capacity which relates the enthalpy of reaction

G°f   = Gibbs free energy of formation

kJ = kilojoules, a unit of energy.  1 kJ = 1,000 Joules (j)

 From the data in the table, the values of the standard enthalpy, entropy and free energy changes for the reaction are calculated.  Note that this is accomplished by multiplying by the moles of reactants used.  

	H°298
	S°298
	G°298

	kJ
	J/ K
	kJ

	+62.3
	406
	-60.2


Note that a positive change in enthalpy means that heat is taken into the system.  A negative enthalpy means heat is given off in a system, such as fire or another type of exothermic reaction.  


So what all this means is you need energy from the surroundings (H) to be large enough to over come the amount of randomness created in the reaction (entropy), so your G is negative… otherwise, no reaction.  

Disposal:


Balloon should remain on the flask until time of disposal.  Remains can be washed down the sink with copious amounts of water.  
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