Recrystalization Lab:

Purpose: used as a purification technique for solids (generally for solids with 5-10% impurity)

Why do the lab?

1.) learn the technique of crystallization

2.) learn how to record melting points

3.) learn how to record IRs of solids

Record melting point before and after recrystalization—why? In order to see the difference. 

The melting point of the solid with more impurities should melt over a much broader range (5-10 degrees compared to 2-3 degrees if pure) 

In order to identify unknowns: with the melting point you receive, look up compounds within a ( 5 degree temperature range. (i.e. if it melts at 55-50 C, then look up compounds from 45-60 C)

The IR books are available in the stockroom—Room 333

General Procedure:

i.) the solubility of the compound and its impurities in the solvent.

The first step in this lab is selecting the appropriate solvent for your compound. This is a trial and error process.  The ideal solvent will NOT dissolve the solid at room temperature but will dissolve the solid when heated. 

Once you choose the solvent, then it’s time to heat the solid and to then allow it to cool. The solid then precipitates out again (i.e. recrystalizes). 

After recrystalizing your solid, the solid needs to be separated from the aqueous (liquid) solvent. This is done by filtration. Once filtered, the melting point of the solid should be recorded.  

Theory:

Predicting Solubility Properties of Compounds.

Rule of thumb: LIKE DISSOLVES LIKE. If the structures of two compounds are similar, then they probably will dissolve one another.
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Both compounds have a hydroxyl group. Thus acetic acid is soluble in water.
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Toluene and hexane are both hydrocarbons and nonpolar. One is soluble in the other.

Also, compounds with polar  functional groups (5 carbons are water soluble 

Example -  ethanol is soluble in water
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Tips: 

1.) try using a solvent with a lower bp   (avoid water and acetic acid—solids take longer to dry in these solvents and they have higher boiling points.)

2.) if individual solvents don’t work, try a solvent mixture (use a mix of solvents in which the solid is really soluble and one where it is insoluble) 

Colored impurities: can be removed with charcoal  

IR (vibrational) spectroscopy :

KBr  pellets --- takes practice to be able to do

IR allows you to identify specific functional groups in a molecule:

It is a plot of Transmittance (y axis) vs. Wavenumber (cm-1) (x axis) 

2 regions of IR spectra:

1500-4000 cm-1 : functional group region

1500 and below: fingerprint region. Used when comparing unknown to known compounds. If this region is different, then the compounds are different. 

Safety Concerns:

Aqueous waste (water layers/acid-base stuff) – goes in the soda lime waste tub

Halogenated wastes go in a special container – chloroform, etc. ASK THE TA IF YOU ARE UNSURE!

Autopipettes—these are expensive and calibrated for you. Be careful with them and always keep them vertical.

Lab 2: Solvent Extraction

*  a mixture of three compounds is separated and each is then purified.

Theory:

Solubility in water: 

1.) small molecules (less than 5 carbons) with one polar functional group are water soluble

2.)  larger molecules with more than one polar functional group are water soluble
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3.) Salts are water soluble  (Na+ Cl-)
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Insoluble in water if   :   they do not contain polar functional groups

b.) one functional group with greater than five carbons
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Acids/Bases:

Acid: a proton donor    

                     Benzoic acid (insoluble in water)          base                 conjugate base- water soluble
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Aniline (insoluble)  
acid

conjugate acid- soluble in water
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Procedure:

Acidic compound -benzoic acid         basic compound- aniline           neutral compound - benzene

I.) dissolve mixture in an organic solvent ( diethyl ether  (other solvents could be used but it must be immiscible (won’t dissolve) in water)  methylene chloride CH2Cl2 is another proper solvent. We will use it later in the semester for extractions. 

II.) Add water-- Two layers will form :  (top layer is less dense than the bottom layer)  

Top ether 


   Top- water

Bottom – water       

   Bottom- CH2Cl2

III.) Add acid- this reacts with the base to form a water soluble salt. The basic component is now in the aqueous layer. Then, you separate the 2 layers. To the water layer, you add a strong base to react with the salt and it will precipitate out. Filter, and you have the basic component isolated.

IV.)   Add base-this will react with benzoic acid, forming a water soluble salt. The acidic component is now in the water phase. Now you separate the two phases. If an acid is then added to the water layer, the acidic component will then precipitate out and it can be filtered from the aqueous layer.

V.) Now only the neutral component remains in the solvent. Since its boiling point is much higher than that of its solvent, the solvent can be evaporated. Ether boils at 33-35 C. Be careful-do not over heat because it could start a fire or the compound could also evaporate.

Collect all three compounds and weigh them, record melting points, and % recovery (50 mg of each assumed to be initial starting amount)

Lab 3: Distillation

Mixture of 2 compounds—separate 

Boiling point and vapor pressure are inversely related- 

Restrictions of distillation- can be used only to separate liquids – the separations are also based on the boiling points of compounds –there must be a large difference in boiling point (between 30 and 40 C ideally) in order for good separation to occur. 

The mixture in the experiment:
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        Toluene 

   
    Hexane 

Boiling point                          111 C 


    68-69 C

Macroscale Setup:

A thermometer is attached above the reaction flask. Also, a water condenser is attached. Cold water is circulated through here in order to cause the gas vapor to condense. The distillate fraction is then collected in a flask at the other end of the condenser.

*note: make sure to add a boiling chip to the reaction mixture—this is to get uniform heating/stirring of the liquid mixture.

The plan: one compound will boil before the other… it will boil, the vapor will go through the condenser, and the vapors will condense.  3 fractions would be collected: 1.) low temperature –mainly hexane (70 C)  2.) medium temperature –mix of hexane/toluene  (70-108 C)   3.) high temperature fraction (108-112) mainly toluene

Microscale setup (what we will do)

A simple distillation

A hot sand /oil bath is used if available. If not, heating plates are also viable.

The thermometer should be inserted about halfway into the reaction flask—you have to be careful though. The goal is to measure the temperature of the VAPOR phase, so the thermometer shouldn’t be in the liquid or really high above it. 

Hickman Still Head: serves as condenser and collection point for the fractions

(Make sure an O-ring is under the cap!)

Heating will be done on an Aluminum block.   

To extract fractions—use a pipette and put them in separate (cleaned) vials   

Cap, parafilm, and wrap with Al foil (these liquids will evaporate VERY easily.

Collect 3 Fractions:

I.) mainly hexane (the lower boiling component)

II.) Mix of both compounds

III.) Mainly toluene 

Fractional Column distillation:

The column increases the available surface area for condensation. This allows for better separation. (i.e. more pure fractions)

Day 1: Collect 3 Fractions

Day 2: Redistill one of the Fractions (Fraction 1 or 3)

Vapor and Liquid Phases:  the compositions at different temperatures ARE NOT the same.

Check pages 61-68 for vapor/liquid diagrams… Dr. P will talk more about them in lecture.

To determine compositions of the liquid fractions, you will use a GC—a gas chromatograph

Any chromatography is based on a mobile and stationary phase

For gas chromatography, the stationary phase is a high boiling liquid on an inert solid support

The mobile phase is He gas 

Setup: 

The fraction is injected into an oven; then the Helium mobile phase moves through the detector, and results are recorded on paper based on retention time of components and their integrations. 

In the GC of your products, you should get 2 peaks, one for each compound. To find the percent of each compound, you can find the area of each peak (roughly) by treating it as a triangle and using  A= ½ bh .

The % of each component is given by   % component =  area of one component/total area

In your report, you should record the data in table form, like this:

Fraction
Mass
BP Range collected over


Composition in GC


1







2







3







Lab 4: Reduction of a Ketone
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General Reaction  ketone+ reducing agent (sodium borohydride) + methanol solvent(2o alcohol   
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  cyclohexanone

Aldehydes: react to give primary alcohols:

Specific Reaction in the Experiment:

Cyclohexanol + NaBH4  ( cyclohexanol

Mechanism:

Nucleophile (NaBH4) attacks electrophile—addition to a carbonyl
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Then, the protic solvent helps quench the reaction

Note: the solvent is re-protonated .

Procedure:

Mix required amounts and stir for 15 minutes, using a magnetic spin vane

The product then has to be isolated—the reaction is “worked up” 

Work up steps:

i.) add cold, dilute HCl. Sodium borohydride is basic, so the acid is added to neutralize it.

ii.) Extract the product 3 times using 0.5 ml portions of methylene chloride (CH2Cl2) 

The organic layer will be the BOTTOM one while the aqueous layer is on top.

Multiple extractions increases the amount of product you get.

iii.) Dry the organic layer. Even though most of the organic phase is just solvent and product, some water may have been miscible. That’s why you use a drying agent to get rid of any remaining water. In this case the drying agent will be sodium sulfate (Na2SO4). (Dr. P will explain the setup in more detail)

iv.) After drying, evaporate the solvent and collect the product. However, you need to be careful and keep the temperature below 40 C or product will also be lost.


Cyclohexanol is a liquid product-so don’t evaporate everything!   

Weigh the product and collect an IR of it.

New Technique: Liquid IR

Instead of using pellets as in solids, you’ll use salt plates and add drops of your product to it. 

Cleaning the plates—NEVER NEVER use water! Clean them with methylene chloride or acetone

What you should see in the product IR

-OH stretch   3300-3600 cm-1  

C-O stretch   ~ 1100 cm-1
sp3 C-H stretch  2900-3000 



if there is a sharp but distinguishable peak at 1700, this probably means you have some starting material left.

% yield calculations: These are really just limiting reagent problems. Dr. P will do one in class. Make sure you know how to do this—it’s important for lab reports and it does show up on quizzes!

Lab 5: Thin Layer Chromatography
Mobile phase:  organic compound- a liquid  - (i.e. organic solvents)

Stationary phase – silica gel   solid SiO2  Lewis acid- an electron pair acceptor
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TLC plates coated with silica gel  

 (if you had to make your own plates-you would dip the cut glass into a gel solution and allow them to air  dry)

 
we are using pre-cut and coated plates

Procedure:

Application of sample (2 unknowns dissolved in toluene)

Use capillary tubes (the TA will show you how to make them) and heat them to make applicators… dab onto your starting line (but make sure the line is well above the solvent front-it will wash off the compounds if you don’t!)

(also, make sure you turn an unknown vial into your TA one class period before the experiment)

Take a wide mouth jar and fill it with solvent (not much- so it will immerse a little of the TLC plate)

Cap the jar and allow the solvent to rise for 5 minutes. The solvent moves upward due to capillary action. 

Allow the solvent front to travel high up the plate. Then, take out and mark the solvent front.

Development: 

Two ways: use Iodine crystals in a developing jar and then mark the spots.

We will develop spots with UV lamps. (there is a fluorescent binder in the silica gel on the plates that allows us to do this).

Selecting the solvent for your unknowns in order to get good separation (i.e. two distinct spots) is the key to the experiment. So, the first thing you will need to do is get the right solvent for good separation. Then, you will run plates of your unknowns in the solvent along with knowns provided for you. If the Rf value of an unknown component matches that of a known (ran only on the same plate! Conditions are highly variable between plates), then you can identify your unknown. 

The Rf factor is defined as:
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Remember to draw pictures of each plate you develop for reference and to include in your report.

Objectives:
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Select solvent where the compounds do not have an Rf  = 0 or 1

              ( Rf = 1

 
( Rf = 0

3 classes of possible Unknowns:

1.) nonpolar (neutral) compound    C-H, C-C, C-X  bonds  have high Rf  values and no interaction with the gel (weakest interaction)

2.) basic compounds – amines   primary, secondary, or tertiary   low Rf values  strong interaction with the gel (avid-base)
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3.) polar compounds- all other functional groups   nitro, phenols, etc.   middle Rf values
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Examples:
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Solvents also effect the Rf values- the more polar the solvent, the more the spots migrate up the plate
TIP: start with chloroform – it is an intermediate solvent

High Rfs in hexane indicate a nonpolar compound   Low Rf in methanol indicates a basic compound.

NOTE: you will get only ONE unknown from each group. It would be hard to differentiate compounds from the same groupings.
Lab 6: Williamson Synthesis
Method for preparation of an Ether:  R-OR` 
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Reaction:
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Nucleophilic substitution mechanism: SN2
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     Phenoxide ion ( conjugate acid acts as the nucleophile Note: all phenols (benzenes with OHs directly attached) are acidic.

Problem: both of the reactants must be soluble in the same environment. The phenoxide is soluble in water while propyl iodide is soluble only in organic solvents. 

Solution: alter solubilities using a PTC—phase transfer catalyst

An ion exchange reaction occurs
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Day 1—Heating of the Reaction

Day 2—Work up

(Note: scale up the quantities in the book by a factor of 5! Cinco! Funf!)

Reaction

Attach a water condenser or the predict will evaporate. Use a boiling chip also. 

Note: if a small amount of white solid appears, this is the PTC – add a small amount of ether/water to dissolve it

Reaction workup— Isolating the ether:

1.) separate layers—the water layer contains PTC salts, NaI, and NaOH

the organic layer contains Ar-O-Pr, ArOH + PTC salts

2.) Wash the water layer with solvent (ether)

3.) Transfer the ether wash to the organic layer

4.) Wash the organic layer with NaOH/water (reacts with any starting material left) – 2 layers form

5.) Separate 

6.) Purify—using column chromatography

Setup of Column:

1 pipette should contain drying agent –sodium sulfate in this case

the other should contain cotton and silica gel to absorb impurities

from purifying, you should get a solution of only solvent, ether, and product. Elute with methylene chloride to get any remaining product out of the column

7.) Evaporate the solvent at ~ 40 C.   Weigh and calculate % yield and obtain an IR

What you should see in the IR

C-O-C  1100 cm-1  

sp2 C-H  3000-3100 cm-1    sp3 C-H 3000-29000   O-H stretch 3300-3500 (bad! This means starting material was left!)

Lab 7: Acetyl Ferrocine Synthesis

Purpose of the experiment—to introduce a new technique—column chromatography

Reaction:

The reaction involves converting ferrocine (a cyclopentyldiphenyl ion) (2 planar 5 Carbon rings)
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to acetyl ferrocine. This is done by reacting it with acetyl chloride (an acid halide) and a Aluminum chloride catalyst. The products are acetyl ferrocine, diacetyl ferrocine, hydrogen ions and aluminum tetrachloride.

                --

Mechanism:

Electrophilic Aromatic Substitution

(Look in the book for a better discussion-page 365)

First, a complex between the catalyst and the acid halide occurs. This complex then attacks the aromatic compound.

(Sidenote: aromatic compounds have 4n + 2 pi electrons, they are planar, cyclic, and conjugated)

Example:
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Ferrocine in this lab is the aromatic compound that is attacked. 

This synthesis is referred to as Friedel-Craft acylation.

Procedure: 

I.)most important step: all glassware must be dry and free of water! Dry in the oven before the experiment, but remember no plastic in the oven.

You will need anhydrous conditions (as little exposure to the atmosphere) as possible during the experiment. 

If you did not do this, the acetyl chloride would react with any water molecules BEFORE the expert began, causing it to be unsuccessful.

Rinse everything with profuse amounts of solvent (methylene chloride) 

Attach a drying tube filled with calcium chloride.

Also, remember to weigh amounts of all reactants this time also. 

The ferrocine solution will be syringed into the setup.

Stir for the appropriate amount of time. 

Workup:

1. add water 

for one thing, this will react with any remaining acid halide, getting rid of it.

Rxn:  CH3COCl + water ( acetic acid + HCl

Excess water also reacts with any remaining aluminum chloride catalyst

Rxn: AlCl3 + water ( Al(OH)3 + HCl

2.) Since the mixture is now acidic, you need to neutralize it with a base (NaOH)

avoid an excess though; test with pH paper

3.) extract the organic layer (remember methylene chloride is more dense than water –it’s the BOTTOM layer)

4.) separate layers and dry with sodium sulfate, filter, evaporate the solvent, and collect the crude product and weigh.
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The crude product is a mixture of three compounds:
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Ferrocine, acetyl ferrocine, and diacetyl ferrocine

Separate with column chromatography: Day 2 of the experiment

The column is packed as follows:

The column itself is a 50 ml burette… the bottom is filled with a certain amount of sand/cotton. The middle phase is the stationary phase, composed of aluminum oxide Al2O3
Your crude product is then dumped above this column and another ½ inch or so of stationary phase is placed on top.

You elute the column with the mobile phase – different organic solvents

Elute the column with the following solvents:

Hexane, 50:50 methylene chloride/hexane, 90/10 methylene chloride/hexane, 90:10 methylene chloride/methanol, methanol

(notice the polarity of the solvent keeps increasing as you elute)

ferrocine is the least polar and should elute first (i.e. the compounds will separate into bands—a yellow, tan, and brown band).

(Note: sometimes you don’t get all three compounds. But this is ok)

Ferrocine elutes first, being the least polar, as a yellow band.

Acetyl ferrocine is next and is a tan band.

Diacetyl elutes last as a deep brown band.

Collect as many bands as possible.

Evaporate the solvent sin the hood collect the  three solids, and weigh.

Calculate percent yield for acetyl ferrocine; also record its melting point.

Lab 8: Synthesis of triphenyl methanol via a Grignard Reagent

General Reaction:
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General Reaction: 

R-X  R = alkyl substituent  X = Cl, Br, or I     R-X + Mg (s) -> R-MgX (Grignard reagent)

These reagents are extremely moisture sensitive (dry everything in the oven, as in Experiment 7)

Grignard reaction with water:

The Grignard reagent acts as a strong base. This is why you leave stuff in the oven for 30 minutes and then rinse everything with ether.

The solvent is also important. Grignard reagents need aprotic (no free protons in solution) solvents; otherwise they would react with the solvent.

Procedure: 

Dry all glassware in the oven and rinse with ether. (syringes too!)

Also, make sure you scale up the reaction by a factor of 2 and use a five ml conical reaction vial

The bromobenzene will be dissolved in ether—you will add it dropwise and slowly in order to allow for complete reaction with the Magnesium strip. Also, make sure you use the procedure involving iodine crystals. The iodine cleans the surface of the Mg. 

Day 1 will involve making the Grignard reagent and the reacting it with benzophenone. Day 2 involves workup.

Workup:

Add 3M HCl ( this acts as a proton source and quenches the Grignard  

Then, separate and extract the organic layer. Wash the aqueous layer with ether and continue extracting.

Next, wash the ether layer with water in order to dissolve any salt remaining in the organic layer. 

Then, separate and dry the organic layer with sodium sulfate.
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There is a problem in separation: there is a side reaction that takes place:

Biphenyl is produced as well as the expected product.

To get rid of this side product, you purify the organic layer by adding ligroin (a hydrocarbon/non-polar solvent).

Biphenyl is soluble in both solvents while the product is insoluble in ligroin (due to the hydroxyl group). Because of this, the product will precipitate out as a solid. You then filter the solid out and wash it with more ligroin. 

Note: the book recommends using a Craig tube. In this case, it isn’t necessary because the scale is pretty large.

Weigh the solid, calculate % yield, record the melting point, and run an IR

What peaks should be present:

OH  stretch  3300 cm1   sp2 C-H stretch  3000-3100   sp3 C-H stretch as well

if any starting material is left, C=O stretch at 1700 cm-1
Lab 9: Benzoin Condensation
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Reaction:
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benzaldehyde

Mechanism:
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Procedure:

The most important thing you should know: WEAR GLOVES AT ALL TIMES!!!
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Specific Reaction:

Sodium cyanide is VERY toxic. Be very careful with it!

For the lab, use the quantities given on page 471.

Also, use a 10 ml round bottom flask (not a conical vial), 1 ml of benzaldehyde, 5ml of NaCN

Collect the solid from the reaction, weigh, calculate % yield, record the products melting point, and take an IR.

Remember: PLACE ALL WASTES IN THE CYANIDE WASTE CONTAINER!

If the product is impure, recrystalize using EtOH or MeOH (you need to save the product and use it in the next lab; that is why it must be pure)

IR stretches(cm-1):

Sp3 C-H  2900-3000 

Sp2 C-H  3000-3100

C=O      ~1700

-OH    33-3600

Note:

For every 2 benzaldehydes, 1 benzoin is produced; there is no limiting reagent.

SAVE PRODUCT!

Lab 10: Benzoin to Benzil
This lab demonstrates an important type of organic reaction—oxidation.

General setup of such reactions:      
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Oxidizing agent

Specific Reaction:
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Copper is reduced in this reaction. That is, its charge is reduced from 2 to 1.

Notes: Procedures given on 473-477.

Also, we are NOT measuring the reaction rate as detailed in the procedure. However, during the reaction, you should note the evolution of nitrogen gas. It is green in color. 

The mechanism is shown on page 474 if you are interested. Unless Dr. P goes over it in lecture you are not responsible for it. However, you should know why ammonium nitrate is used in the experiment and you should mention this in your lab report (Hint: it’s in the text).

Heat at 140 C for the proper amount of time or the reaction will not work!

Also, if the product is impure (i.e. the crystals are still yellow) the crude product can be recrystalized via chromatography. The outline for the procedure is given on the bottom of page 475 in the text and is similar to other column purifications we have already performed.

IR stretches(cm-1):

Sp3 C-H  2900-3000 

Sp2 C-H  3000-3100

C=O      ~1700

-OH    33-3600 (this will still be in the IR if you have starting material left)

If the OH stretch is absent, purification was a success. If not, you should explain possible reasons for the impurity and why you couldn’t get rid of it.

Lab 11: Multi-Step Synthesis
Write 1 Lab for all 4 steps. You should have a different procedure for each step but the introductions and discussion should each contain only one part.

Step I : tetraphenylcyclopentadiene

I.) General Reaction: Aldol Condensation (water is produced)
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II.)  

Nucleophile       electrophile        (base catalyst)

III.) [image: image49.emf]X
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Specific Reaction:

   

Diphenyl acetone      

  benzil     


 






                      Tetraphenylcyclopentadienone
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Mechanism:
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Procedure:

 DON’T RUSH! 

The solvent is triethylene glycol (b.p. 278 C)   high boiling because the reaction is carried out at 160 C. 

Note: Due to solubility constraints, the weird base is used as the catalyst instead of just NaOH or another strong base.

The product should be a purple solid. Record melting point and calculate % yield.

Scale up the reaction by a factor of 2.5 times the quantities on page 479.

You also need at least 100 mg of product. SAVE IT!
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Step II: Stilbenedibromide

 
                            E Stilbene 

Electrophile  


stilbene dibromide

This is an electrophilic addition reaction.

Stereochemistry—phenyl group are on different sides (E) 
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A problem with the reaction: using bromine gas is tricky so a pyridine/bromine complex is used instead.

 


Pyridinium bromide perbromide 
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Mechanism:

The product contains 2 chiral carbons but

because it has a plane of symmetry, it is a meso compound.

(Note: if Z stilbene had been reacted, an optically inactive racemic mixture would have been produced. 

Add water at the end of the reaction: the product precipitates and then it can be filtered. Record melting point and calculate % yield.

All waste go in the halogenated container 

SAVE PRODUCT!!!

Use the quantities given on page 487 and the other amounts Dr. P gives in lecture.

Step III: diphenylacetylene

An elimination reaction:
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Diphenylacetylene

Stereochemistry- start with meso-stilbene

The first elimination is anti while the second is syn. Because of the syn elimination (it is a higher energy reaction) the mixture must be heated to high temperatures (~190 C)

Again, we will use triethylene glycol as the solvent.

Collect the product and record melting point and % yield 

(remember ( 2 moles of KOH is used for every one mole of product produced) 

Use the quantities on page 492.

Use 400 mg of stilbene and you need at least 100 mg of product.

Step 4: Diels-Alder Reaction

General Reaction:
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Diene 
    Dienophile (diene lover)
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Specific Reaction:

(from Step I)       (From Steps II & III)









         1,2,3,4,5,6-hexaphenyl benzene

 





                               Because of strain, the ring opens 

The hexaphenyl benzene has a high mp (~465 C) (Why is this?)

So, no melting point can be recorded. However, you need to do an IR of the compound.

Use the quantities given on page 495.

In the Diels Alder reaction, when heating the test tube, you should be VERY careful not to catch anything on fire. Be careful!

Lab 12: Luminol

I don’t have much to say on this one. (Mainly because I lost my notes! : ) 

You should definitely pay attention in lecture and at least pick up the following things:

a.) know the rough structure of Luminol (i.e. be able to pick it out if four structures were given)

b.) know what type of reaction occurs when Luminol is made

c.) know the color the liquid changes to when mixed

d.) anything else Dr. P discusses in lecture

The lab report for this experiment is short, but make sure for the final you understand the Pre-Lab questions for the lab!
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