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               Name______________

1. What is the liquid called after it travels through the filter paper?________________________
2. What types of matter are separated by distillation?__________________________________
3. What is the concentration of silver nitrate used to test the distillate?_____________________
4. Why do you need to preheat the funnel?__________________________________________
____________________________________________________________________________
5. What do you do to the crystals to purify them on the filter paper?_______________________
____________________________________________________________________________
6. What do you put the crystals in to measure melting point?____________________________
____________________________________________________________________________
7. How many degrees must the oil bath be cooled before the next trial?____________________
8. How many mL of salt solution are placed in the distilling flask?_________________________
9. How many mL of distillate does the lab say to collect?_______What are you supposed to do with it?_______________________________________________________________________
Do you think you could use less? Why or why not?____________________________________
____________________________________________________________________________
10. What is the formula of the precipitate formed in the salt solution?______________________
11. Define volatile and give an example.____________________________________________
____________________________________________________________________________
12. What is the purpose of the limewater?___________________________________________
13. What are you looking for to determine level of heat needed in the fractional distillation?___________________________________________________________________
14. Why aren’t you supposed to boil off all the soda?__________________________________
What is the major source of error in the soda distillation calculations?_____________________
____________________________________________________________________________
15. Why is a fractionating column packed with small beads or short pieces of glass tubing?____

____________________________________________ How does this help improve distillation?

____________________________________________________________________________
16. Who is your lab partner?__________Why did you choose eachother?__________________

____________________________________________________________________________

17. On another sheet of paper, draw the setups of each part of the lab and label the equipment needed.
Resolution of Mixtures:  Filtration and Distillation

Introduction

Chemists have developed a series of standard methods for resolution and separation of mixtures, some of which will be investigated in this experiment.

Mixtures of solids often may be separated on the basis of differing solubilities of the components.  For example, if one of the components of the mixture is very soluble in water while the other components are insoluble, the water soluble component may be removed from the mixture by simple filtration through ordinary filter paper.  A more general case occurs when all the components of a mixture are soluble, to different extents, in water or some other solvent.  The solubility of substances in many cases is greatly influenced by temperature.  By controlling the temperature at which solution occurs or at which the filtration is performed, it may be possible to separate the components.  Most commonly, a sample is added to water and heated to boiling.  The hot sample is then filtered to remove completely insoluble substances.  The sample is then cooled, either to room temperature or below, which causes crystallization of those substances whose solubilities are very temperature-dependent.  These crystals can then be isolated by a second filtration, and the filtrate remaining can be concentrated to reclaim those substances whose solubilities are not so temperature-dependent.

Mixtures of liquids are most commonly separated by distillation.  In general, distillation involved heating a liquid to its boiling point, then collecting, cooling, and condensing the vapor produced into a separate container.  For a mixture of liquids, however, in which several of the components of the mixture are likely to be volatile, a separation is not so easy to effect.  If the components of the mixture differ reasonably in their boiling points, it may be possible to separate the mixture simply by monitoring the temperature of the vapor produced as the mixture is heated.  The components of a mixture will each boil in turn as the temperature is gradually raised, with a sharp rise in the temperature of the vapor being distilled indicating when a new component of the mixture has begun to boil.  By changing the receiving flask at this point, a separation will be accomplished.  For liquids whose boiling points only differ by a few degrees, the mixture can be passed through a fractionating column as it is being heated.  Fractionating columns generally are packed with glass beads or short lengths of glass tubing that provide a large amount of surface area to the liquid being boiled.  A fractionating column permits a mixture to be redistilled repeatedly while in the column, allowing for better separation of the components of the mixture. 

Materials:

impure benzoic acid sample (benzoic acid mixed with charcoal)


1% sodium chloride solution


0.1 M silver nitrate


colored, scented soda


limewater

A.  Resolution of a Solid Mixture

Obtain a sample of impure benzoic acid.  It has been contaminated with charcoal, which is not soluble under hot or cold temperature conditions.  Benzoic acid, however, is fairly soluble in hot water.  Transfer the benzoic acid sample to a clean 150-ml beaker.

Set up a short-stem gravity filter funnel in a small metal ring clamped to a ringstand.  Fit the filter funnel with a piece of filter paper folded in quarters to make a cone.

Moisten filter paper slightly so it will stick to the funnel.  Place a clean 250-ml beaker beneath the stem of the funnel.

Set up 250-ml beaker about half filled with distilled water on a wire gauze over a metal ring.  Heat the water to boiling.  Use thermometer if necessary.

When water is boiling, pour about two-thirds of the water into the beaker containing the benzoic acid sample.  CAUTION!  Extremely hot and hard to pour.  Think before pouring!!

Pour the remaining water through the gravity funnel to heat it.  If the funnel is not preheated, the benzoic acid will crystallize in the stem of the funnel rather than passing through it.  Discard the water that is used to heat the funnel.

Transfer the beaker containing the benzoic acid mixture to the burner and reheat it gently until the mixture just beings to boil again.  Stir the mixture to make sure that the benzoic acid dissolves to the greatest extent possible.

Using something to protect your hands, pour the benzoic acid mixture through the preheated funnel.  Catch the filtrate in a clean beaker.

Allow the benzoic acid filtrate to cool to room temperature.

When the benzoic acid solution has cooled to room temperature, filter the crystals (with another filter paper) to remove water.  Wash the crystals with two 10-ml portions of cold water.

Transfer the filter paper containing the benzoic acid crystals to a watch glass, and dry the crystals over a 400-ml of boiling water.  (Make sure water doesn’t bubble over.)  It will be dried when the filter paper is dried.

When the benzoic acid has been dried, you will now determine the melting point of the recrystallized benzoic acid.  Grind the crystals to a powdered form.  Don’t use all of it, save some in case you need to try again.

Put some of the crystals into the open mouth of a melting point capillary tube.  Tap the sealed end of the capillary tube on the lab bench to pack the crystals into a tight column at the sealed end of the tube.  Repeat this process until you have a column of crystals approximately half an inch high at the sealed end of the capillary.

Set up the Thiele tube apparatus as indicated above.  Attach capillary tube containing the crystals to the thermometer using small rubber bands. Position the capillary so that the crystals are next to the temperature-sensing bulb of the thermometer.  Don’t let the rubber bands touch the oil.

Lower the thermometer into the oil bath, and begin heating the side arm of the Thiele tube with a very small flame.  Adjust the flame as necessary so that the temperature rises by 1 or 2 degrees per minute.

Watch the crystals in the capillary tube, and record the exact temperature at which the crystals first begin to melt, and the exact temperature at which the last portion finishes melting.  Record these two temperatures as the melting range of the unknown.  

Allow the oil bath to cool by at least 20(.

Prepare another sample of the unknown crystals in a fresh capillary tube, and repeat the determination of the melting point.  If this second determination differs significantly from the first determination, repeat the experiment a third time.

Calculate the percent difference between your measured melting point and the actual melting point.  (Ask Mrs. Brunet for that.)

B.  Simple Distillation

Simple distillation can be used when the components of a mixture have very different boiling points.  You will perform a simple distillation with a solution of sodium chloride and water which differ in boiling points by over 1000 C.  

You or your instructor will set up a simple distillation apparatus.  The source of heat will come from an electrical heating device: the heating mantle.  Mrs. Brunet will explain how it works in class.

Obtain about 50-ml of 1% sodium chloride solution.  Place 1-ml of this solution in a small test tube, and transfer the remainder of the solution to the distilling flask.  Note: when pouring the solution, do not let any of the solution touch the sides of the evaporating tube or the condenser tube.  

Place a clean dry beaker under the mouth of the condenser of the distillation apparatus to collect the water as it distills from the salt solution.

Begin heating the sodium chloride as directed by the instructor, and continue distillation until approximately 20-ml of water has been collected.  Transfer approximately 1-ml of the distilled water to a clean small test tube.

To demonstrate that you have successfully completed simple distillation (meaning the distilled water is now free of sodium chloride), test the sample of original 1% sodium chloride solution that was reserved before the distillation, as well as the 1 ml sample of water that has been distilled, with a few drops of 0.1 M silver nitrate solution (caution, don’t stain yourself.)  Silver ion forms a precipitate of insoluble AgCl when added to a chloride ion solution.  No precipitate should form in the water that has been distilled.

C.  Fractional Distilllation

Fractional distillation may be used to separate mixtures of volatile substances that differ by at least several degrees in their boiling points.  The vapor of the liquid being boiled passes into a fractioning column, which provides a great deal of surface area and the equivalent of many separate simple distillations.

Your teacher will go over with you the difference between the fractional and simple distillation apparatuses.

Obtain some colored, scented soda.  Use a graduated cylinder to put 40-ml of the unknown mixture to the distillation flask.  Record the exact volume of the mixture used.  During the distillation, carefully watch the thermometer that is part of the apparatus.  The temperature will increase very suddenly as one component finished distilling, and another component begins to distill.

Place a clean dry flask under the mouth of the condenser to collect the first component of the mixture as it distills. 

Prepare apparatus for gas collection into limewater as a test for carbon dioxide.

When you have started heating, begin with very low heat until vapor begins to rise into the fractionating column.  Allow the vapor to rise to the level of the thermometer bulb, and adjust the heat so that the thermometer will remain bathed in droplets of liquid as the mixture distills.  Record the temperature indicated by the thermometer as the first component of the mixture begins to distill.  

Notice the odor of ester that gives the soda its special smell.  See that the gas bubbles when it reaches the limewater test, proving that it is carbon dioxide.

Do not heat the distillation flask to complete dryness, or it may break from the heat.  You may stop distilling when you have enough clear distillate to measure. Measure volume obtained and volume of remaining soda once cool.  You can know calculate the % composition of water in your sample of soda (of course the remaining water in the condenser is a source of error)
Check the density of the clear liquid collected in the flask by measuring mass and volume of the distillate.
