Name: ______________________________	Chem300
Due date: March 26, by 11:59 PM 	Spring 2021


Lab 8: Types of Chemical Reactions

OBJECTIVE

To become familiar with common types of chemical reactions which occur in aqueous solutions; 	a. Combination or Synthesis
	b. Decomposition
	c. Single Replacement or Substitution Reactions
	d. Double-Replacement reactions
	e. and acid-base reactions. 

This experiment requires the student to be familiar with these reactions and solubility rules. The student is expected to know how to balance chemical equations and to write molecular, complete ionic, and net ionic equations. 
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DISCUSSION

Replacement reactions are characterized by the appearance of cations and anions exchanging partners. For example, Replacement reactions are also often called exchange or double displacement reactions and follow the pattern: 

				AX  +  BY    AY  +  BX

The driving force behind these reactions is due to a net reduction of ions in solution. The net reduction of ions comes about in one of three different ways:

	A.	The formation of a precipitate 

	B.	The formation of a weak or non-electrolyte (from reactants that are strong electrolytes)

	C.	The formation of a gas that escapes the solution

Each of these types of reactions is described in some detail below.

I.	FORMATION OF A SOLID PRECIPITATE

Precipitation reactions occur when 2 strong electrolytes in aqueous solutions are mixed together to produce an insoluble solid that sinks to the bottom of the vessel (the solid precipitates out of solution). These reactions occur only when certain pairs of ions are used. Precipitates form when oppositely charged ions attract each other so strongly that they form insoluble compounds. 

Because only certain ions attract each other to such an extent, solubility guidelines have been established to help chemists predict which combinations of ions will form insoluble solids (precipitates). On page 2 are tables of solubility guidelines for common ionic compounds in water.

The reaction of barium chloride (BaCl2) with silver nitrate (AgNO3) is a typical example of a precipitation reaction. The molecular, complete ionic, and net ionic equations are shown below: 



Molecular equation:  BaCl2(aq) + 2 AgNO3(aq)  Ba(NO3)2(aq) + 2 AgCl(s)

A molecular equation is an equation showing the complete neutral formula for each compound in the reaction as if they exist as neutral formula units. However, in aqueous solutions, soluble ionic compounds exist as dissolved substances and present as ions. 

Complete ionic equation:  

Ba2+(aq) + 2 Cl(aq) + 2 Ag+(aq) + 2 NO3(aq)  Ba2+(aq) + 2 NO3(aq) + 2 AgCl(s)

Because soluble ionic compounds dissolve in aqueous solutions and present as ions, we can write equations for reactions occurring in aqueous solutions (i.e. solutions in which water is the solvent) in a way that better shows the dissociated nature of dissolved ionic compounds. Equations such as these are called complete ionic equations. Note that insoluble ionic compounds such as AgCl(s) do not present as ions in aqueous solution, so it must be written as undissociated ionic solid. 

Net ionic equation:  Ag+(aq) + Cl(aq)   AgCl(s) 

Notice that in the complete ionic equation, some of the ions in solution remain unchanged on both sides of the equation. These ions are called spectator ions because they do not participate in the reaction. By removing the spectator ions, the simplified equation – the net ionic equation – now shows only the chemical species that change during the reaction.

   TABLES OF SOLUBILITY GUIDELINES FOR IONIC COMPOUNDS

	
SOLUBLE COMPOUNDS

	
Exception

	
- Salts of NH4+ and group 1A metals 
                               (Li+, Na+, K+, Rb+, Cs+) 
- Salts of nitrate, NO3–  
- Salts of perchlorate, ClO4– 
- Salts of acetate, C2H3O2–  (except AgC2H3O2)

	

	
- Salts of Cl–, Br–, I–  

	
Ag+, Pb2+, Hg22+


	
- Salts of F– 

	
Ca2+, Ba2+, Pb2+, Mg2+, Sr2+


	
- Salts of sulfates, SO42– 

	
Ca2+, Ba2+, Pb2+, Hg22+, Sr2+ 




	
INSOLUBLE COMPOUNDS

	
Exceptions

	
- Most salts of:  carbonate, CO32–
	  phosphate, PO43–
	  chromate, CrO42–

	

- Salts of NH4+ and group 1A metals


	
- Most salts of sulfides, S2–     

	
- Salts of NH4+ and group 1A metals
- Ba2+, Ca2+, and Sr2+ 


	
- Most salts of hydroxides, OH–     

	
- Salts of NH4+ and group 1A metals
- Ba2+, Ca2+, and Sr2+






II.	FORMATION OF A WEAK OR NON-ELECTROLYTE

The driving force for this subclass of reactions is the reduction of ions due to the formation of a molecular product. These reactions are most often acid-base neutralization reactions where the products are water and a metal salt. To predict such reactions, the student must be able to recognize strong electrolytes from weak or non-electrolytes. A partial list of strong electrolytes include: 

▪ all common soluble salts (as indicated in the tables of solubility guidelines)

▪ the strong acids: HCl, HBr, HI, HNO3, H2SO4, and HClO4   

▪ the strong bases: metal hydroxides of group 1A (e.g. LiOH, NaOH, KOH, CsOH)
                               and the following metal hydroxides of group 2A: Sr(OH)2, Ba(OH)2, Ca(OH)2 

Example 1: The reaction of nitric acid (HNO3) with the base sodium hydroxide (NaOH) is an example of a neutralization reaction between a strong acid and a strong base. The molecular, complete ionic, and net ionic equations are shown below: 

Molecular equation:  HNO3(aq) + NaOH(aq)  H2O(l) + NaNO3(aq)

Complete ionic equation:  

          H+(aq) + NO3(aq) + Na+(aq) + OH(aq)  H2O(l) + Na+(aq) + NO3(aq)

Note that water (H2O) is a molecular substance that does not form ions in solution. By comparison, HNO3 and NaOH strong electrolytes and dissociate completely in solution to form ions.

Net ionic equation:  H+(aq) + OH(aq)  H2O(l)

The net ionic equation shows the formation of a nonelectrolyte, which in this case is water. 

Example 2: The reaction of hydrofluoric acid (HF) with the base potassium hydroxide (KOH) is an example of a neutralization reaction between a weak acid and a strong base. The molecular, complete ionic, and net ionic equations are shown below: 

Molecular equation:  HF(aq) + KOH(aq)  H2O(l) + KF(aq)

Complete ionic equation:  

                       HF(aq) + K+(aq) + OH(aq)  H2O(l) + K+(aq) + F(aq)

Because HF is a weak acid (i.e. a weak electrolyte), it remains mostly undissociated (> 95% at RT) and therefore present predominantly as molecular substance in solution. All weak electrolytes such as weak acids and weak bases are written as neutral molecular formulas in the chemical equation. 

Net ionic equation:   HF(aq) + OH(aq)  H2O(l) + F(aq)

The net ionic equation shows the formation of the anion (F) of the weak acid after the latter gives up its H+ ion in reacting with the OH ion to form water. 


III.	THE FORMATION OF A GAS

Just as in the formation of a weak or non-electrolyte, the driving force behind this subclass of reaction is the formation of a molecular species that results in the net reduction of the number of ions in solution. In this case, however, the molecular species is a gas which can escape the reaction vessel. 

Common gases produced in such reactions are carbon dioxide (CO2), sulfur dioxide (SO2), hydrogen sulfide (H2S), and ammonia (NH3). CO2 and SO2 are actually secondary products resulting from the spontaneous decomposition of their corresponding acids, as shown in the equations below:

1)	Na2CO3(aq) + 2 HCl(aq)  2 NaCl(aq) + H2CO3(aq) 

					                CO2(g) + H2O(l) 

2)	NaHCO3(aq) + HCl(aq)  NaCl(aq) + H2CO3(aq) 

					           CO2(g) + H2O(l) 

●	CO2 gas is colorless and odorless. Its formation is usually characterized by the rapid evolution of bubbles as soon as a soluble acid is added to a solution containing either soluble CO32– or HCO3– ions. 

3) 	Na2SO3(aq) + 2 HCl(aq)  2 NaCl(aq) + H2SO3(aq) 

					                SO2(g) + H2O(l) 

4)  Hydrogen sulfide (H2S) gas is produced when sulfides are reacted with acids as shown below: 

	   Na2S(aq) + 2 HCl(aq)  2 NaCl(aq) + H2S(g) 

●	SO2 gas and H2S gas are colorless but have a strong, irritating odor that is often characterized as rotten egg smell, a description usually reserved for any sulfur-containing gas. Unlike the rapid and effervescent CO2 gas evolution, formation of SO2 and H2S gas is often visually undetectable (when a normal 1.0 M stock reagent is used) and is evidenced only by the presence of the characteristic strong smell of sulfur. 

5)  Ammonia (NH3) gas is produced when its ammonium salt is made basic on addition of a base: 

	NH4Cl(aq) + NaOH(aq)  NH3(g) + H2O(g) + NaCl(aq)

●	As in the formation of sulfur-containing gases, the evolution of NH3 gas is visually undetectable but evidenced by the presence of a characteristic irritating odor often described as an acrid smell of ammonia. 





YOUR TASK

A.	Starting on page 6 is a series of 12 possible reactions made by mixing equal volumes                 (~1 mL/ea) of two soluble reagents. For each reaction, the names of the two reagents and their formulas are given to get you started in identifying a reaction that may occur.  For each reaction: 

	a)	note the observations 
	b)	write the balanced molecular equation (ME)
	c)	write the balanced complete ionic equation (CIE)
	d)	and write the balanced net ionic equation (NIE) 
	e) for all balanced equations, include the physical labels for all chemical species

B.	Consult the tables of solubility guidelines on page 2 to help you identify any solid precipitate that may form. For reactions that involve the formation of gases, review your lecture notes in Chapter 4 – Part II, where gas-forming reactions are discussed. Note that for some reactions, even though you may not see evidence of a reaction, but that does not mean a reaction has not occurred, just that you did not visually detect an event. 

EXPERIMENTAL PROCEDURE

1.	Place about 1 mL of each of the two reagents to be mixed in separate, clean test tubes. Note the color and appearance of each solution before mixing. Then carefully pour the content of one tube into the other to allow the two reagents to mix. Observe the two reagents carefully as they mix because some reactions, such as those that result in CO2 gas evolution, can be very rapid and over within seconds. Flick the bottom of the tube holding the solution mixture to ensure complete mixing of the reagents before recording your final observations. 

2.	The following are a few things to look out for as parts of your recorded observations:

	a.	Solution changes color as they become mixed.

	b.	Formation of a solid precipitate; note the color of the precipitate, and any observable 
		texture (e.g. milky, grainy and coarse, fine needle-like appearance). 

Things to know when a ppt has formed: A solid ppt can be either readily observable or can be subtle. When a clear solution turns distinctly turbid or even just faintly cloudy, a solid ppt most likely has formed. Presence of solid particles in solution scatters and blocks light passage, resulting in appearance of cloudiness.

	c.	Evolution of a gas evidenced by formation of bubbles.

	d.	Evolution of a gas evidenced by a distinct smell (carefully waft the fumes towards your nose with your hand; do not inhale directly).

	e.	Test tube grows warm (exothermic reaction) or cold (endothermic reaction)

	f.	If no reaction (i.e. nothing observable as discussed above in ae) is observed after one half to one minute of careful observation, record no reaction. Note that no observable result does not necessarily mean a reaction did not take place. For example, a reaction that forms water is not observable unless evidenced by a concomitant evolution of significant amount of heat that can be detected by touch. 

Data Table and Equations: Types of Chemical Reactions

1.	Silver nitrate  +  tin(II) chloride
	  AgNO3(aq)         SnCl2(aq)
Observations:  Milky white ppt 



ME:  AgNO3 + SnCl2 → AgCl2 + SnNO3



CIE:  Ag+(aq) + NO3‑ (aq) Sn2+(aq) + Cl‑→ AgCl2 (s) + Sn2+(aq) + NO3_ (aq)



NIE:  Ag+(aq) + 2Cl‑(aq) + AgCl2 (s)   





2.	Silver nitrate  +  sodium sulfide
	  AgNO3(aq)          Na2S(aq)
Observations:  Charcoal black ppt



ME:  AgNO3(aq) + Na2S(aq) = Ag2S(s)+ NaNO3(aq)



CIE:  Ag+(aq) + NO3‑(aq) + Na+(aq) + 2S2‑  → Ag2S(s)+ Na+(aq) + NO3‑(aq)



NIE: Ag+ (aq)+ 2S2- (aq) → Ag2S(s)





3.	Sodium carbonate  +  hydrochloric acid
	     Na2CO3(aq)                  HCl(aq)
Observations:  Rapid evolution of bubbles



ME:  Na2​CO3​(s)+2HCl(aq)→2NaCl(aq)+CO2​(g)+H2​O(I)



CIE:  2 Na+ (aq) + CO3 2- (aq) + 2 H+ (aq) + 2 Cl- (aq) → 2 Na+ (aq) + 2 Cl- (aq) + H2O (l) + CO2 (g)



NIE:  CO3 2- (aq) + 2 H+ (aq) → H2O (l) + CO2 (g)





4.	 Sodium sulfide  +  hydrochloric acid
	      Na2S(aq)                 HCl(aq)
Observations:  Rotten egg smell



ME:  Na2S(aq)+ 2HCl(aq)→ 2NaCl(Aq)+H2S(g)



CIE:  Na+ + 2S2‑ + 2H(aq)  + Cl_ (aq)  →2Na+ + Cl- + H2S(g)



NIE:  2H+(aq) + S2‑ → H2S (g)





5.	 Potassium sulfite  +  nitric acid
	      K2SO3(aq)            HNO3(aq)
Observations:  Rotten egg smell



ME:  2HNO3(aq) + K2SO3(aq) → H2O (l)+ 2KNO3(aq) + SO2 (g)



CIE:  2H+(aq) + NO3_(aq) + 2K+(aq) SO32-(aq) → H2O +2K+(aq) + NO3_ (aq)+ SO2(g)



NIE:  2H+(aq) + SO32-(aq) →  H2O(l) + SO2 (g)





6.	 Ammonium chloride  +  strontium hydroxide
	        NH4Cl(aq)                     Sr(OH)2(aq)
Observations:  Acrid smell of ammonia



ME:  2NH4Cl(aq) + Sr(OH)2 (aq) → SrCl2(s)+ 2NH3  (g)+ 2H2O (l)



CIE:  2NH4+(aq) + Cl-(aq) + Sr2+ (aq) + 2OH-(aq) → Sr2+(aq) + Cl- (aq) + 2NH3(g) + 2H20(l)



NIE:  2NH4+ (aq) + 2OH-(aq) → 2NH3(g) + 2H2O(l)







7.	 Acetic acid  +  lithium hydroxide
     HC2H3O2(aq)        LiOHl(aq)     
Observations:  Solution gets warm



ME:   HC2H3O2(aq) + LiOH(aq) → H2O(l) + Li(C2H3O2)(aq)



CIE:  H+(aq)  + C2H3O-(aq) + Li2+(aq) + OH-(aq) → H2O(l) + Li2+(aq) + C2H3O2 –  (aq)



NIE:  H+ (aq) + OH- (aq) → H2O(l)




	
8.	 Sulfuric acid   +  sodium hydroxide
	   H2SO4(aq)               NaOH(aq)
Observations:  Solution gets warm



ME:  H2SO4 (aq) + 2NaOH(aq) —— > Na2SO4(aq) + 2H2O(l)



CIE:  2H+(aq) + SO42- (aq) + 2Na+(aq) +OH- (aq) —— > 2Na+(aq) + SO4 (aq) + 2H2O (l)



NIE:  2H+ (aq) + 2OH- (aq)+  2H2O (l)









9.	 Copper(II) nitrate  +  potassium hydroxide
	    Cu(NO3)2(aq)                 KOH(aq)
Observations:  Blue gelatinous precipitate



ME:   Cu(NO3)2(aq)+2KOH(aq)→Cu(OH)2(s)+2KNO3(aq)



CIE:  Cu2+(aq)+2NO−3(aq)+2K+(aq)+2OH−(aq)→Cu(OH)2(s)+2K+(aq)+2NO−3(aq




NIE:  Cu2+(aq)+2OH−(aq)→Cu(OH)2(s)






10.	 Copper(II) nitrate  +  potassium chromate
	    Cu(NO3)2(aq)                K2CrO4(aq)



Observations:  Reddish brown precipitate


ME:  Cu(NO3)2(aq)+2KOH(aq)→Cu(OH)2(s)+2KNO3(aq)



CIE:  Cu2+(aq)+2NO−3(aq)+2K+(aq)+2OH−(aq)→Cu(OH)2(s)+2K+(aq)+2NO−3(aq)


NIE:  Cu2+(aq)+2OH−(aq)→Cu(OH)2(s)




11.	 Tin(II) chloride  +  potassium nitrate
	    SnCl2(aq)                KNO3(aq)
Observations:  No observable change; solution mixture is clear and colorless



ME:  SnCl2(aq)+ 2KNO3 (aq) → Sn(NO3)2(aq) + 2KCL(aq)



CIE:  Sn2+(aq) + 2Cl-(aq)  + 2K+ (aq)  + 2NO3-(aq) → Sn2+(aq) +2NO3- (aq) + 2K+ (aq)  2Cl-(aq) 



NIE:  no precipitation reaction occurs





12.	 Hydrofluoric acid  +  calcium hydroxide
	        HF(aq)                    Ca(OH)2(aq)
Observations:  Light, gray precipitate



ME:   HF(aq)+NaOH(aq)→NaF(aq)+H2O(l)



CIE:  HF(aq)+Na+(aq)+OH−(aq)→Na+(aq)+F−(aq)+H2O(l)



NIE:  
HF(aq)+OH−(aq)→F−(aq)+H2O(l)aa







POST-LAB QUESTONS

1.	Indicate whether the following reactions are redox reaction, single replacement reaction, double replacement reaction, combination reaction, or decomposition reaction. Note that more than one classification may apply to a given reaction. 

	A.	Ca(s)  +  2 HCl(aq)    H2(g)  +  CaCl2(aq) 

Single replacement reaction





	B.	Na2CO3(aq)  +  CuSO4(aq)    Na2SO4(aq)  +  CuCO3(s)
Double replacement reaction





	C.	H2O2(aq)  +  C2H4(g)    C2H4O(aq)  +  H2O(l)

Redox reaction





	D.	Cu(OH)2(s)    CuO(s)  +  H2O(g)
Decomposition reaction





	E.	2 Li(s)  +  Cl2(g)    2 LiCl(s)

Combination reaction






[bookmark: _Hlk45181130]2.	If a reaction occurred between an acid and a base, could a reaction have occurred without any visible or olfactory indications ?  What would be an indication that a reaction has occurred when a concentrated acid is mixed with a concentrated base ? 
 
 A reaction between an acid and a base leads to formation of salt hence a reaction between the two have olfactory and visible indications. The indication for a reaction between a concentrated acid and a concentrated base is that, a salt is formed.
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