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Lab Problem 1 
You have been given two ionic solutions, 0.10 M unknown salt, MClx solution and 0.10 M sodium solution, 
NazY. Devise and carry out an experiment to determine the identity of the unknown metal cation and the 
unknown anion in these solutions. The possible cations are potassium, zinc, aluminum, or silver. The possible 
anions are nitrate, carbonate, phosphate, or sulfide.  
You should provide both quantitative and qualitative evidence to support your answers. 

Lab Problem 2 
LDPE (low density polyethylene, #4) is a petroleum-based polymer used to make flexible bottles, films, and 
plastic containers. Given water, ethanol (density = 0.789 g·mL–1), and the equipment provided, devise and 
carry out an experiment to precisely determine the thickness of the LDPE samples provided 
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Lab Problem #1 
This problem involves knowledge of solubility rules and precipitation reactions. In addition, the 
identification of the unknown cation and anion requires relating the volumes (drops) of the reacting 
solutions to the quantity of precipitate produced and hence, to the molar ratios of the reacting ions.  

Plan 
The plan should include both an intention to gather qualitative information about the individual solutions 
and the mixture and quantitative information related to the quantity of precipitate produced upon combining 
the two solutions.  

Qualitative observations 
 Both solutions are clear and colorless. 
 There is no odor from the anion solution. 
 When mixed, a white precipitate is formed. 
 No bubbles/gas is produced. 

Quantitative observations 
When the two solutions are mixed in test tubes so that the ratio of the cation and anion are varied in a 
systematic manner the quantity of precipitate should be greatest in the tube with a 3:2 ratio of MClx:NazY. 

Excellent Student Results  
Student included a range of qualitative observations and reasoning based on them such as; 
Clear MClx solution indicates the absence of Ag+ since AgCl is insoluble.  
Lack of odor in NazY solution indicates the absence of S2-. 
Appearance of precipitate indicates the absence of K+ and NO3- ions since all their compounds are soluble.  
Lack of bubbles in NazY solution and upon mixing indicates absence of CO32-. 
Possible cations are Zn2+ and Al3+ while the anion is most likely PO43-. 
Student provided a clear explanation of the variation of the number of drops to determine the stoichiometry 
ratio of MClx:NazY.  
Student gave a clear data table with several trials to demonstrate the 3:2 ratio of MClx:NazY. 
Student identified the cation as Zn2+ and the anion as PO43-. 

Average Student Results 
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Some qualitative information is given to demonstrate a knowledge of solubility and precipitate formation.  
Student provided evidence of several combinations of the two solutions and may have inferred something 
about the relationship between the solution ratio and identity of the salts.  

Below Average Student Results 

Little or no qualitative information was reported or used to make predictions about the identity of the 
unknown cation and anion. 
Student either did not report any quantitative information or was unable to use the quantitative information 
acquired to infer any information about the reaction stoichiometry from it. 

######################### 
Lab Problem #2 
Excellent Students Results: 

Student proposed a clear, detailed procedure for determining the thickness of the LDPE sheet, recognizing 
that measuring the volume of such a sheet directly would not be possible because of the small volume.  
Excellent procedures invariably involved measuring the density of the plastic; good methods included 
making a series of ethanol-water mixtures and interpolating the mixture of neutral buoyancy, or starting 
with one liquid and adding the other until neutral buoyancy was achieved.  Density of the neutrally buoyant 
liquid was measured either by using the weighted average of ethanol or water, or by direct measurement of 
the mass of a known volume of the liquid. 

Student performed several buoyancy trials, either using a variety of water-ethanol volume ratios in a series 
of standards, or by redetermining the point of neutral buoyancy. Results were clearly displayed in a data 
table.  Area and mass of LDPE piece(s) were measured in duplicate. 
Calculations are clearly shown using proper unit measurements and significant figures in final answers.  
Student demonstrated knowledge of the assumptions used in calculation (for example, the assumption of 
additive volumes if density of the neutrally buoyant mixture was calculated rather than measured directly).  
Final value for thickness was within 20% of the accepted value. 

Average Student Results: 
Measurement of density was proposed, but not clearly thought out; or, less precise procedures for 
determining volume directly (e.g., by displacement of liquid in the graduated cylinder) were proposed. 
Student made only qualitative (floats in water, sinks in ethanol) or grossly erroneous measurements of 
density.  
Only one trial was performed. 
Final value for thickness was within 40% of the accepted value. 

Below Average Student Results: 

Procedure was vague or unintelligible. 
Calculations were unclear or in error. 
Final value for thickness was over 40% off from the accepted value. 




