HANDS-ON CHEMISTRY SERIES FC.6

 




Name ____________ 

FUNDAMENTAL CONCEPTS OF CHEMISTRY
Acid-Base Reactions and pH

In this Learning Activity Packet (LAP), you will study an important type of chemical reaction: acid-base neutralization reaction. Discussions will highlight the acids and bases we encounter in everyday life. Since acidity is commonly indicated by the pH scale, we will examine how this scale works in more detail. You will learn how pH is kept at constant levels by pH buffers. pH buffers are crucial for normal functions of many water systems, ranging from body fluids, shampoo, swimming pool water, beverages, to natural waters, and many household products. On the practical side, you will measure the pH of common solutions and conduct several acid-base neutralization reactions.

After completing this exercise, you should be able to do the following: 

(1) Describe characteristic properties of acids and bases, respectively.

(2) Give examples of acid-base neutralization reactions; write balanced chemical equations of these reactions.

(3) Define the pH scale; when given pH values, compare the relative acidity of different solutions.

(4) Explain what is a pH buffer and how it works; give actual examples of pH buffers.

--------------------------------------------------------------------------------------------------------------------------------

I.
Acids and Bases

Many chemical reactions taking place in our daily life involve acids and bases. Acids and bases are two important classes of compounds that chemically neutralize or counteract the effects of each other when they react. To understand the reason why an acid and a base neutralize each other, we will examine first some general properties of each of these two classes of compounds. 
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A.
Acids and Their Properties
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The sour taste of foods or beverages comes from acids. A traditional acid test involves litmus (a plant dye), which displays a pink color when coming in contact with acids. If dissolved in water, an acid releases excess H+1 (hydrogen ion), which joins with a H2O molecule to produce hydronium ions, H3O+1 (see Figure 1.) The release of excess H+1 ions in water is one of the most general characteristics of acids. Since hydrogen ion, H+1, is simply a proton, acids are referred to as proton donors. 

An example of a common acid in everyday life is hydrochloric acid (HCl(aq), aq denotes aqueous or water solution) . Hydrochloric acid is found in the stomach. The following equation shows how HCl donates a proton (H+1, in enlarged boldface) to water and produces hydronium ion.



HCl      

+   H2O 

(  
H3O+1(aq)  + 
Cl-1(aq)


proton donor      acceptor 


Since HCl produces ions in water and these ions conduct electricity as they move around in water, it is an electrolyte. Acids are generally electrolytes; and of course, not all electrolytes are acids. 
Acetic acid (HC2H3O2), the active ingredient in vinegar, is another example of a common acid. As shown in Figure 2, each acetic acid molecule contains four hydrogen atoms, three of which are bonded to a carbon atom, and one is bonded to an oxygen atom. In the acetic acid molecule, only the hydrogen that is bonded to oxygen is released to produce H3O+1 in water. This hydrogen is therefore called the acidic hydrogen. The formula of acetic acid is sometimes written such that the acidic H appears separately from the other three H atoms, as in HC2H3O2, or CH3COOH. 

Q1. Complete the following equation to show how acetic acid donates the acidic hydrogen (shown in enlarged boldface) to water, producing hydronium ion. After losing the H+1, acetic acid becomes an anion, acetate.



HC2H3O2    +    H2O ( 


proton donor         acceptor

___________________________________________
B.
Bases and Their Properties

Bases feel slippery when rubbed between fingers. They cause litmus (a plant dye) to display a blue color. If dissolved in water, a base produces excess OH-1 (hydroxide ion). Similar to acids, bases also produce ions in water, and therefore are electrolytes.

OH-1 ions may be released as a base breaks up a water molecule. For example, ammonia (NH3) produces excess OH-1 ions in water by acquiring a proton (H+1) from H2O. After donating a proton to ammonia, water (H-OH) becomes OH-1 ion, and the result is a basic solution. This is shown in the following equation. Since many bases undergo such proton-accepting reactions, a base is also called the proton acceptor.



NH3  


+        H-OH   (      NH4+1   +    OH-1
proton acceptor           donor            ammonium    hydroxide

A base may possess OH-1 ions in its formula, and releases OH-1 directly when dissolved in water. For example, the compound sodium hydroxide (NaOH, commonly called lye) contains OH-1 in its formula. When it dissolves in water, the OH-1 ion  dissociate from the sodium ion (Na+1) to produce a basic solution. The following equation shows this process. 



NaOH in water   (   Na+1 (aq) + OH-1 (aq) 

Q2. Magnesium hydroxide, Mg(OH)2, is another example. There are two OH-1 ions for every Mg+2 ion in this compound. Complete the following equation to show its dissociation in water. Magnesium hydroxide is the active ingredient in Milk Of Magnesia, an antacid.



Mg(OH)2  in water (  _______________________________________ 

C.
Acid - Base Neutralization Reactions

Since an acid is a proton donor and a base is a proton acceptor, they can neutralize or counteract the effects of each other. Perform the following experiments to observe some acid-base neutralization reactions, and write a balanced chemical equation for each reaction.
Put on Safety Goggles and Protective Clothing !!

What is causing the temperature change?    

Deliver about  1 mL of 1M HCl(aq)  solution into a small test tube.  Insert a lab thermometer into this test tube and record the temperature. Keep the thermometer in the test tube and gradually deliver 1 mL of 1M NaOH(aq) into this test tube. Gently mix the content of the test tube. Record thermometer reading again.

Q3. Complete the following.
(a) Temperature reading before adding NaOH: ________

(b) Temperature reading after adding NaOH: _________

(c) Is this reaction endothermic or exothermic? ___________ How do you know? ___________________

(d) The reactants of this reaction are: __________________; the products are salt and water.

(e) Write a balanced chemical equation for this reaction. ______________________________________

(f) Classify this reaction as to type. __________________________________________

What can get rid of that smell?
Deliver 1 mL of 1M acetic acid solution into a small test tube. Carefully waft vapor from the mouth of the test tube to detect the odor of this solution. Record the odor. Deliver slightly more than 1 mL of 1M sodium hydroxide solution into this solution. Mix the contents of the test tube. Detect the odor of this mixture. 

Q4. Complete the following.  

(a) Odor before mixing: ____________

(b) Odor after mixing: ___________. (Explain odor change, if any. ______________________________ )

(c) The reactants of this reaction are: ______________________; the products are sodium acetate and water.

(d) Write a balanced chemical equation for this reaction. _____________________________________

(e) Classify this reaction as to type. __________________________________________

Deliver 1 mL of 1M ammonium hydroxide (NH4OH) solution into a clean test tube.  Carefully waft vapor from the mouth of the test tube toward your nose to detect its odor. Record the odor. Deliver slightly more than 1 mL of 1M HCl into the ammonium hydroxide solution.  Mix the contents of the test tube. Carefully detect the odor of the mixture. Record. 

Q5. Complete the following.  

(a) Odor before mixing: ____________

(b) Odor after mixing: ___________. (Explain odor change, if any. ______________________________)

(c) The reactants of this reaction are: __________________; the products are ammonium chloride and H2O.

(d) Write a balanced chemical equation for this reaction. _______________________________________

(e) Classify this reaction as to type. __________________________________________

D.
Summary of Acid and Base Properties

Q6. Table 1 (next page) lists contrasting properties of acids and bases. Complete this table.

Table 1. Properties of Acids In Contrast to Bases

	PROPERTIES
	ACIDS
	BASES

	Taste
	
	bitter

	Feel
	stings or burns
	

	Litmus Test
	red color
	

	Reaction
	neutralizes bases
	

	When dissolved in H2O
	produces _________  in water
	produces _________  in water

	Examples of common acids and bases.

(Provide names and formulas of three acids and three bases, respectively. 

Search this LAP or other references to find these.) 
	Name of acid

_____________

_____________

_____________
	Formula of acid

____________

____________

____________
	Name of base

______________

______________

______________
	Formula of base

______________

______________

______________


II.
The pH scale

The acidity of an acid or a base (in aqueous solutions) is frequently reported by the pH scale. Figure 3 shows the pH scale along with relative acidity. The pH ranges of some common solutions are also given. pH is defined as a mathematical function of the concentration of H3O+1 ions (or [H3O+], in shorthand notation.) The relationship between pH and [H3O+1] is such that: 

· The more acidic a solution, the greater the [H3O+1], and the smaller the pH. And, 

· each pH unit corresponds to a ten-fold change in [H3O+1]. A difference of two pH-units corresponds to 10 ( 10 =100 =102 fold difference in [H3O+1]; three pH-units difference corresponds to 10 ( 10 ( 10 = 103 fold difference in [H3O+1], and so forth. 




Q7. Fill in the blanks or circle the correct choices in the following questions. 

(a) Orange juice is   (  more   or   less  )  acidic than stomach acid.  The difference in pH units indicates that the [H3O+1] in orange juice is _________ times   (  higher  or  lower  )  than the [H3O+1] in stomach acid.

(b) Household ammonia is ( more  or  less ) basic than baking soda. The difference in pH units indicates that [H3O+1] of baking soda solution is _______ times ( higher  or  lower  ) than that of household ammonia.

(c) The [H3O+1] in stomach acid is ______________ times  ( higher  or  lower  )  than that of oven cleaner.

Perform the following hands-on exercise to measure the pH and assess the acidity of some common solutions. The pH is measured by pH indicators. A pH indicator is usually a chemical compound that changes color according to pH. The compound displays one color at certain pH range, and beyond this range, it displays a distinctly different color. Examples of pH indicators include litmus, methyl orange and phenolphthalein, all of which are natural products isolated from plants. 

· Litmus changes color from pink (pH below 7) to blue (pH greater than 7). It is useful for indicating whether a solution is acidic or basic 

· Methyl orange changes color from amber (above pH 4) to peach (below pH 3). It is useful for differentiating whether a solution is neutral or has slight-to-moderate acidity.

· Phenolphthalein changes color from clear (below pH 8.5) to purple-red (above pH 9.5). It is useful for differentiating whether a solution is neutral or has slight - to - moderate basicity.  

Put on Safety Goggles and Protective Clothing !!

Obtain pieces of neutral litmus paper and strips of wide-range pH paper with color guide. Litmus paper is coated with litmus. pH paper is coated with several pH indicators which can display a range of colors, each color indicates a specific pH according to the color guide supplied with the strips. 

Perform the following tests for each solution.  

Litmus Test: Obtain a few drops of a solution listed in Table 2 with a clean plastic pipette. Deliver one drop of the test solution or just touch an unused spot of a litmus indicator paper with the tip of the pipette. Note the color of the small wet spot. Record this color of the litmus in the appropriate blank provided in Table 2. From the color of the litmus paper, tell whether the solution is acidic, basic or neutral. 

pH Test: Deliver a drop of the same test solution to an unused spot of a pH paper. Record the color* of the pH strip in the appropriate blank provided in Table 2. Compare with the color guide and record the pH of the solution. Clean or dispose of the plastic pipette after use as directed by your instructor.

Table 2.

 pH Test Results of Common Solutions

	Solution
	vinegar
	lemon
	saliva
	bleach*
	ammonia
	detergent
	soft drink
	tap water

	Color of litmus
	
	
	
	
	
	
	
	

	Acid/Base or Neutral
	
	
	
	
	
	
	
	

	Color of pH Paper
	
	
	
	
	
	
	
	

	pH
	
	
	
	
	
	
	
	


*Note: You must record the color immediately after bleach touches the test papers. Bleach will soon discolor test papers and turn them white. 

Q8. The most acidic solution in Table 2 is _______________ , and the most basic is _______________. These two differ in __________ pH units.  The [H3O+1] (hydronium ion concentration) of the most acidic solution is____________ times (  higher   or  lower  ) than that of the most basic solution.

Q9. Circle correct choices and fill in the blank. From the results in Table 2, (  soft drinks   or   lemon   ) has a higher pH. The [H3O+1] in soft drinks is ___________ times ( higher   or lower  ) than that of lemon.  

pH of Pure Water

A water molecule can be seen as H-OH, or the combination of a proton (H+1) and a hydroxide ion (OH-1). Under normal conditions in pure water, an extremely small percentage of H2O molecules self-dissociates or break apart into H+1  and OH-1. This dissociation happens to one out of over half a billion water molecules. Each dissociation produces one hydronium ion and one hydroxide ion, as the proton, H+1 attaches to a neighboring water molecule. This is shown in the following equation.



H(OH     

+     

H2O 



(    
OH-1   
+    
H3O+1
dissociating water molecule

neighboring water molecule



proton donor          
   

proton acceptor

The double arrow in the above equation represents the fact that this reaction is dynamic and reversible. Being dynamic means there is continual action; being reversible means the process can be reversed back to the original reactants. At any moment, a small number of H2O molecules are giving H+1 to their neighbors, and a small number of H3O+1 and OH-1 ions are returning back to form two H2O molecules. The net result of this dynamic process is an equilibrium state at which, the concentration of the two ions, [H3O+1] and [OH-1], are maintained at a constant value. [H3O+1] and [OH-1] are always equal in pure water. Furthermore, the [H3O+1] of pure water is equivalent to pH = 7. 

Q10. (a) H3O+1 ions in water contribute to acidity. Explain how pure water can be neutral when there are H3O+1 ions in it.

____________________________________________________________________________________

(b) Are there H3O+1 ions in basic solutions? _________  Explain.  

____________________________________________________________________________________

Figure 1. Formation of Hydronium Ion (H3O+1) in Water. 
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Figure 2.  Structure of Acetic Acid: HC2H3O2 or CH3COOH





Figure 3. The pH Scale And Relative Acidity
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