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Crystallization

Pre-lab questions  

Complete the following questions in your own words and submit before beginning the experiment.  All answers must be typewritten.

1. In Part A, why don't we heat the test tube if the solid has dissolved at room temperature?

2.  It is good lab practice to remove the boiling stick from a hot solution before it begins to cool.  Why?

3. In Part B, you are told to remove the flask from the heat when the solvent reaches reflux.  If you didn't and left the flask on the hotplate to continue to boil, what kind of error would be introduced into your calculation of Wi/mL?  Why?

4. In your opinion, what is the biggest factor in dissolving a solid in a solvent?  Is it the volume of solvent added or the length of time the solvent is heated at reflux?

5. In Part C, you are instructed to add water to the hot filtrate solution until it becomes cloudy.  Why does it become cloudy?

6. Calculate your percent recovery of anthracene for the following experiment:  you are given 7.50 g of anthracene but recover 5.20 g of anthracene from its recrystallization in ethanol.  Show all calculations.

Pre-lab Notebook preparation

Prepare the following in your lab notebook before beginning the experiment.

1. Start a “Table of Contents” page near the beginning of your notebook.

2. Start a new page by entering the title of this experiment.

3. Start a section with the subtitle “Part 1 - Procedure” and provide an outline of the experimental procedure to be carried out. Do the same for Parts 2 and 3.
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Crystallization

Zubrick:
Chapters 13 and 14

104-116 (general guidelines, filtration, charcoal, water aspirator)


119-121 (microscale, general information) 

Vocabulary:
Solute


A compound which is dissolved in another

compound and present in a lesser amount.



Solvent 

The compound which is present in the excess.

It is capable of dissolving a solute but not reacting with it.



Miscible

Two or more compounds, which dissolve in one

another to form a homogenous solution are said to be miscible.



Filtration

A process by which one material is separated from another based 

on differences in particle size.



Trituration

Repeated washing of a solid with a solvent.



Solubility

The degree of which a compound dissolves.

Melting point

The temperature range at which a compound melts from the 

observation of the initial melting of the first to the last crystal.

Filtrate
The material that passes through the filter and remains in the receiving flask.  It is sometimes referred to as the mother liquor.

Aliquot
A small amount of a liquid, which is either added to or taken from a solution.

Reflux
Heating a solvent/compound to its boiling point.  It is evident from the condensation of that liquid on the walls of the container.

This procedure has been adapted from the microscale procedure described in Macroscale and Microscale Organic Chemistry Experiments by Kenneth L. Williamson and Experiments in Organic Chemistry by Louis F. Fieser.




Background
What is crystallization?  According to the American Heritage Dictionary of the English Language (American Heritage Publishing Co, and Houghton Mifflin Company, Boston, 1973, pg 319), a crystal is "a three-dimensional atomic, ionic, or molecular structure consisting of periodically repeated, identically constituted, congruent unit cells" and crystallize is "to cause to form crystals or assume a crystalline form".  There are examples of crystalline solids, which we run across in our everyday lives.  Salt (NaCl, ionic solid) and sugar are typical examples of crystalline solids.  As organic chemists, we use recrystallization as a technique to purify either a desired product or a starting material.  If you start with a compound that is pure, you have a greater chance for your reaction to succeed.

In crystallization, it is necessary to consider the properties of the solvent.  The reason why is because organic chemists usually say that “like dissolves like”.  You will be using solvents like water, toluene, and hexanes.  Water contains networks of hydrogen bonds.  It easily dissolves ionic solids, such as NaCl, and polar compounds, such as alcohols (R-OH).  Toluene is an aromatic solvent, which contains a benzene ring, so other aromatic compounds should also be soluble in it.  Hexane is an aliphatic hydrocarbon, so it would be expected to dissolve hydrophobic compounds.

In general, there are seven possible steps for the recrystallization of a compound.  In some cases you would use them all.  They are:

· Choose a solvent.

· Dissolve the solute (your compound).

· Decolorize (to remove any colored impurities).

· Filter (to remove any insoluble impurities).

· Crystallize (either cool the solution or let some of the solvent evaporate).

· Wash the product (rinse the desired crystals).

· Dry (to remove the solvent).  

The first step, finding a suitable solvent, is sometimes the most difficult one.  Why? Well, you want to choose a solvent that will dissolve the solute at temperatures higher than room temperature.  If the material goes into your solvent at room temperature, then you will never be able to recover your compound.  That's not a good thing if you are being graded on % recovery or yield.  In some cases, you will not be able to find a great solvent for recrystallization so you will have to use a two-solvent or mixed solvent pair.  This technique will be discussed in your procedure, but essentially you need to use two solvents that are miscible in one another (i.e., they dissolve in one another).  One such mixed solvent system is ethanol (ethyl alcohol) and water.  The general rule is “Like dissolves like.”  Once you have chosen a solvent (or solvent system), then you dissolve your solid in your chosen solvent system.  Never add more than 10 mL solvent per gram of solute.  Also, whenever you heat a liquid, you must use either a boiling chip or boiling stick.  Otherwise, the solution will superheat and “bump” (or boil out all at once).

The third step is important if you know that your compound should be colorless/white but it isn't.  Unfortunately, most organic compounds are colorless.  Therefore, we use a decolorizing agent, which is usually charcoal.  Colored compounds/impurities are large, aromatic compounds, which then stick to the charcoal.  The fourth step is to filter away the impurities, which may include the charcoal.  It is necessary that the solution is hot for this step so that the crystallizing solid does not hinder the filtration.  

Then, the solution is cooled to room temperature and sometimes even colder with the aid of an ice-water bath.  The best crystals come from letting the solution cool slowly so that the impurities are not trapped again in the solid.  Once the crystallization step is complete (no more crystals are formed), the crystals are filtered and washed with a small amount of the solvent.  It is necessary to let the crystals dry so as to get rid of the solvent.  This is important in the determination of the melting point and the % recovery of the compound.  If you were to have a % recovery or yield of over 100% than you probably have solvent in your crystals.

You will be taking melting points to identify your unknown compound.  What is a melting point?  Well, it is the range of temperatures over which a compound melts. The range begins with the observation of the melting of the first crystal or first drop and ends at the completion of the melting of the material.  That definition seems a little subjective but you will see that it is not.  Also, it really is a range rather than a single point because the melting of a solid takes place over some time.  According to Zubrick, if you see only one point listed, it is probably the high end of the range.  Although the procedure for taking a melting point measurement appears simple, samples must be prepared with care.  If a compound is not dry (if it contains the solvent of recrystallization), the melting point will be low and/or broad.  If the compound is impure and that impurity is soluble in the compound, you will observe the same effect.  If you heat the compound too quickly, then there will be an error introduced into the melting point reading.

Experiment

There are four different parts to your experiment. 

Part A.  Solubility Tests.

You will be given two unknown solids.  You are to conduct solubility tests using the following solvents:  2-butanone, ethanol, ethyl acetate, hexanes, toluene, and water.    

Place a spatula tip of the solid into a test tube.  Add enough solvent to just cover the solid.  Use your glass rod to stir/break the solid up.  Report whether the solid dissolves at room temperature.  If it doesn't, then add a boiling stick and heat to boiling.  Report whether the solid dissolves at the boiling point.  If it does, then place the test-tube in an ice-bath and note whether or not crystals form.  Solubility tests performed on benzoic acid gave the following results:

BENZOIC ACID
Cold
Hot
Crystals

2-Butanone
YES
----
----

Ethanol
YES
----
----

Ethyl acetate
YES
----
----

Hexanes
NO
YES
YES

Toluene
YES
----
----

Water
NO
YES
YES

Part B.  Solubility Data.

You are to recrystallize a compound in three different solvents:  2-butanone, ethanol, and ethyl acetate.  You are to record the total volume of solvent required to dissolve the solid.  

Weigh out 0.5 grams of compound X and add it to a 50 mL Erlenmeyer flask.  Add 4 mL of 2-butanone, and after bringing it to a boil, remove the flask from the heat and swirl.  Add a small amount of 2-butanone, heat to reflux (boiling), remove again and swirl.  Continue to add 2-butanone until the solid has dissolved completely.  Let the solution cool for 5 minutes, then place it in an ice bath for ten minutes.  Remove it from ice and vacuum filter.  Determine the recovered mass.  Repeat twice more except start with 2 mL of ethanol and 7 mL of ethyl acetate.

Part C.  Purification by Decolorization.

You are to purify a compound using charcoal.  You are to take a melting point of the compound after it has been decolorized and determine the percent recovery.

Weigh out 2 grams of compound Y and add it to a 50 mL Erlenmeyer flask.  Add 10 mL of ethanol and between 1.5 to 2 grams of Norit pellets.  Bring the solution to reflux and continue to reflux for 5 minutes, adding ethanol to keep the volume of solvent constant.  Remove the flask from the heat and inspect the solution.  If the color is gone, then gravity filter the solution into a 125 mL Erlenmeyer flask.  If not, then reflux for another 2 minutes and inspect again.  Add 5 mL of ethanol to the first flask and bring it to a boil.  Gravity filter the solution into the flask containing the filtrate.  Reflux 2-3 mL of ethanol and wash the filter paper with it.  Continue to wash the filter paper with 2 to 3 mL of hot ethanol until it is judged that the entire product has been washed into the Erlenmeyer flask.  Heat the filtrate solution until it becomes clear.  Add water to the solution until it stays cloudy, and then reheat the solution to reflux.  Cool for five minutes, place in an ice bath for ten minutes.  Vacuum filter.  Take the melting point and weigh the crystals.

Part D.  Purification by Recrystallization.

You are to purify an unknown by recrystallization using ethanol and water as the solvent pair.  You will record the recovered mass and melting point of the purified unknown. 

Transfer 0.5 grams of your unknown to a 50 mL Erlenmeyer flask (remember to record the weight).  Add approximately 1 mL of ethanol and heat the solution to reflux.  Continue to add ethanol until the solid had completely dissolved.  While the solution is still hot, add water until the solution becomes turbid (cloudy) after swirling.  Let the solution cool to room temperature and then place the flask in an ice-water bath.  Vacuum-filter the solid.  Record the recovered mass and melting point.  
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Crystallization

Post-lab report  

Fill out the appropriate sections below.  All answers must be typewritten.
Part A: Solubility data for two unknown compounds.

Unknown #
Cold
Hot
Crystals

2-Butanone




Ethanol




Ethyl acetate




Hexanes




Toluene




Water




Unknown #
Cold
Hot
Crystals

2-Butanone




Ethanol




Ethyl acetate




Hexanes




Toluene




Water




Part B: Solubility data.

2-Butanone
Ethanol
Ethyl Acetate

Initial Weight of Unknown (Wi in g)




Amount of Solvent used (in mL)




Calculate [Wi/mL]




Convert [Wi/mL] to [g/100mL] at the bp




Recovered Weight of recovered Unknown (Wrw in g)




Wi - Wrw = Ws (amount remaining in solution)




Calculate [Ws/mL]




Convert [Ws/mL] to [g/100mL] at 0 °C




Show all calculations:

Part C: Purification by decolorization.

Melting point (°C)


Initial mass (in g)


Final mass (in g)


Percent yield (recovery)


Show all calculations:

Part D: Purification by recrystallization

Unknown #
Melting point (°C)



Initial mass (in g)



Final mass (in g)



Percent yield (recovery)


Show all calculations:

Postlab Questions:

Complete the following questions in your own words.

1.
Based on your observations, why was it necessary to wash the funnel with hot ethanol after filtering the charcoal solution in Part C?

2.
Why might vacuum filtering the hot charcoal solution in Part C be a bad idea?

3.
Why does the value of Ws/mL that you calculated in Part B tell you that 100% recovery is not possible when recrystallizing a solid?

4.
What wrong conclusion could be made if you took a melting point of a recrystallized solid before it was dry?

5.
Why is it that all recrystallizations were carried out in an Erlenmeyer flask rather than in a beaker.

General Comments:
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