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Objectives
· Observe the adsorbed water on lab glassware
· Learn a method for drying glassware
· Determining when glassware is dry
· Quantitatively precipitate and dry a solid 
· Qualitatively determine interfering ions
Introduction
As a discipline, Analytical Chemistry is more concerned with exactness of measurement than most students have experienced in introductory chemistry labs.  This experiment focuses on techniques designed to measure the mass of a substance to a greater degree of accuracy.  The southeastern region of the United States is classified as a subtropical rainforest, and as such has relatively high humidity.  As the humidity levels are variable, the amount of water that is adsorbed to the surface of commonly used laboratory equipment is constantly changing, and as a result the mass of the object is also changing.  When using an analytical balance to determine an accurate mass of a substance, it is often necessary to weigh the substance in a crucible, glass funnel, beaker or other container.  The standard procedure is to remove the water from the labware in order to obtain an accurate weight of the container, minimizing water’s contribution to experimental error.  
Ionic compounds commonly precipitate as hydrated salts.  Many of these salts are hygroscopic and will absorb water over time even in sealed containers.  When weighing such compounds it is necessary to remove excess water in order to accurately determine the moles of the substance.  
The main component of limestone is calcium carbonate, which is mined and sold for numerous applications, including water purification.  Calcium carbonate typically contains water in its solid form, called water of hydration.  This experiment aims to determine the number of water molecules per calcium ion in the solid.  The calcium carbonate will be dissolved in acid, then precipitated as the oxalate salt.  The precipitation reaction takes advantage of the low solubility of calcium oxalate, the main component of the most common type of kidney stone.  
After preparing dry samples and glassware, the moles of hydration in CaCO3·xH2O will be determined by precipitation of the calcium as calcium oxalate monohydrate, CaC2O4·H2O.  Gravimetric analysis is the process of determining the amount of a substance by mass. In this lab, the amount of water contained in the salt, calcium carbonate will be determined by precipitation gravimetric analysis.
Procedure
1st lab session
Be careful to record and label all measurements while performing the lab.
Obtaining the dry weight of glassware
Wash two 60 mL medium frit sintered glass crucibles, a.k.a. Gooch funnels, and rinse with distilled water to remove any residue. Dry them with a paper towel, use a pencil to label them so you can distinguish them from each other, and record the mass of each one.  Place them in the oven at 110 °C for 15 minutes.  Using tongs, remove the crucibles from the oven, and store them in a desiccator to cool to room temperature.
The desiccator contains Drierite, a solid that contains calcium sulphate and an indicator.  It is blue when dry and can absorb up to 6.6 percent water by weight.  As it absorbs water, it turns from blue to pink, and can be regenerated by heating.  Placing the crucibles in the desiccator to cool ~ 15 min, prevents them from absorbing moisture.  Never weigh a hot sample on the balance!
Once cool, weigh the crucibles, and place them back into the oven at 110 °C for 15 minutes.  Repeat this process until the crucibles are dry.  How can you be certain that the crucibles are dry?  Store the dry crucibles in the desiccator for future use.
Prepare two clean and dry 250 mL beakers and store them in the desiccator for next lab session. 
Obtaining the dry weight of hydrated CaCO3·xH2O
Weigh out one gram of the CaCO3·xH2O salt, and place in the oven at 110 °C for one hour to remove excess moisture.  Place in a desiccator to cool and determine the weight of the solid.  Store the dried sample in the desiccator until next lab session.
Interfering Ions
While you are waiting for items to cool and dry, qualitatively test for possible interference with the gravimetric analysis that uses oxalate and urea and is detailed below. 
Place 0.4 g of crude calcium carbonate in a beaker with 100 ml of deionized water, followed by slow addition of 6.0 mL of 6 M HCl while stirring with a glass stirring rod.
In separate test tubes, check for potential interference by adding drops of each of the following solutions to about 1 ml of the calcium carbonate solution.  3 M H2SO4, and 0.1M NaF, Na2CO3, NaH2PO4, CaCl2, Ba(NO3)2, MgCl2, and Cu(NO3)2.  
2nd Lab Session
Determining the amount of Calcium in CaCO3·xH2O 
The two clean medium frit sintered glass crucibles were clearly labeled and brought to constant weight by drying at 110°C and stored in the desiccator along with two 250 mL beakers for use in this procedure.  
Weigh on an analytical balance, between 0.35 and 0.38 g samples of dried CaCO3·xH2O into each of the two dry 250 mL beakers, recording the mass to 1/10th of a milligram. Apply the remaining directions to each sample separately.  
Dissolve the CaCO3·xH2O by adding 100 mL of deionized water, followed by slow addition of 6.0 mL of 6 M HCl while stirring with a glass stirring rod. To prevent loss, leave the stirring rod in the beaker for the entire lab.
			CaCO3·xH2O(s) + 2 H+ (aq) Ca2+(aq) + CO2(g) + (x+1) H2O(l) 
Check the pH of the solution after the solid has dissolved by using the stirring rod and touching it to a piece of pH paper.  Add an additional drop or two of 6 M HCl if necessary to get the pH down to 1 or less.  Add 4-5 drops of methyl red indicator.
Add 20 ml of a saturated solution of ammonium oxalate containing 1 ml of 6 M HCl.  Then, add 15 g of solid urea.
With the glass stirring rod in each beaker, cover each with a watch glass.  Heat both mixtures to near boiling until the color changes from red to yellow/clear, indicating the pH is no longer acidic.  This process should take about 25 minutes to accomplish.  
The following reactions describe the chemical process of precipitating the Calcium Oxalate mono hydrate.
(NH2)2CO + H2O   2 NH3 + CO2
2 NH3 + H2C2O4  2 NH4+ + C2O42-
Ca2+ + C2O42- + H2O   CaC2O4·H2O(s)
Rinse any solids on the watch glass into the mixture with a minimum amount of deionized water.  Filter the hot mixture through the dry sintered glass crucibles of known mass.  Use a rubber policeman and small volumes of deionized water to transfer all of the solid to the crucible. 
Wash the solid with two 10 ml portions of ice cold deionized water, then two 10 ml portions of acetone.  Draw air through the solid for 5 minutes to partially dry the crystals and remove most of the explosive acetone prior to placing the crucibles into the oven.  Place the crucibles in a 400 mL beaker in the oven at 100 °C for 1 hr. 
Place the crucibles in the desiccator to cool for 30 min prior to weighing.  Only one heating is necessary to completely dry the large crystals since they were rinsed with acetone. 
Calculations
Calculate the moles of CaC2O4·H2O obtained from each sample. 
Calculate the mass of CaCO3 in the original samples of CaCO3·xH2O
Assuming the rest of the mass is water, determine the value of x in the hydrated CaCO3·xH2O.
Calculate the percentage of water that remained on the crucibles after washing but prior to drying in the oven.
Lab report
Include averages with standard deviation for the mass of the crucibles and beakers.
Discussion questions
1- Explain the significance of using undried glassware and how it would affect the final results.  
2- Why is it important to allow samples to cool before weighing them?
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Preparation
2- 60 mL medium frit glass crucibles a.k.a. Gooch funnels
2– 250 mL beakers
2- Glass stirring rods
1.5 g CaCO3·H2O
25 mL 6 M HCl
Dropper bottles of 3 M H2SO4, and 0.1M NaF, Na2CO3, NaH2PO4, CaCl2, Ba(NO3)2, MgCl2, and Cu(NO3)2
pH paper
Methyl red indicator solution
40 ml of a saturated solution of ammonium oxalate (~ 6 % w/v) containing 2 ml of 6 M HCl.  
30 g of solid urea
Acetone
Ice
