
Experiment 1 - Melting Points  

Introduction 

 The melting point of a substance (the temperature at which a substance melts) is 

a physical property that can be used for its identification.  It is a measure of the amount 

of kinetic energy (heat) that must be supplied to the particles of the substance in order 

to overcome the intermolecular forces (such as Van der Waals, dipole-dipole, and H-

bonding) that confine them to the solid state.  The determination of melting points is 

particularly important to organic chemists, since they often work with solid molecular 

compounds that have low melting points (below 300°C) and which can be conveniently 

measured.  Organic compounds are used in this experiment for the same reasons. 
Melting points are also used as an indication of purity.  Substances melt 

throughout a temperature range in which both the solid and liquid phases of the 

substance coexist in a state of equilibrium.  Above that range, the substance exists only 

as a liquid, and below it only the solid phase is present (no wetness observed).  The 

extent of this temperature range is a measure of the purity of the substance; that is, 

impure samples of compounds have lower and broader temperature ranges of 

melting.  If a pure sample of a compound melts from 110 to 111.5°C, the addition of 

substantial amounts of another compound might result in a new melting point range 

from 85 to 100°C. 
An identical or near identical temperature range of melting is not, in itself, proof of 

the sameness of two organic chemical samples.  There are thousands of solid organic 

compounds that melt within any relatively short temperature range; overlap of melting 

points is therefore inevitable. If an unknown solid sample is believed to be a certain 

known compound, it is a relatively simple task to prove or disprove this belief by mixing 

the known and unknown together in relatively equal quantities. A 50:50 mixture will either 

be a pure sample of the known compound or a highly impure sample of the known 

compound.  The melting point of the mixture will be identical to that of the known 

compound in the first instance or lowered and much broadened in the latter. This 

identification/confirmation procedure is referred to as the determination of a "mixed" 

melting point. 
  

The Determination of Melting Points 

Melting points will be determined by using one of the DigiMelt units (Figure 1.1). 

The DigiMelt units must always be kept upright. Place a small quantity (1/16 inch in tube) 

of the solid to be melted in a capillary tube (labeled melting point tubes). Tap the closed 

end of the tube on the desk, clean the outside, and use the tamper of the right side of 

the DigiMelt to compact the solid down to the closed end of the melting point capillary 

tube. Drop the tube (closed end down) down a section of glass tubing (see TA) to 

compact the solid in the bottom or closed end of the tube even more. Place the tube 

loaded with the sample into the sample holder of the DigiMelt with the closed end down. 

The crystals can be ground up in a clean and dry mortar and pestle if they are too big to 

fit into the capillary tube. 



If the melting point of the sample is unknown or unavailable, a fast run with the 

DigiMelt set at a ramp of 10 or 20 °C per minute to obtain an approximate melting 

range.  A more precise value can then be obtained by heating the DigiMelt more 

slowly at a slower ramp (about 2 °C/min.) starting 5-10 degrees below the temperature 

at which your sample first began to melt.  

 

 

Figure 1.1:   The DigiMelt apparatus.  Melting point capillary tubes are placed 

(closed end down) in the slots directly in front of the magnifying lens where they are 

viewed during melting.  Up to three samples can be viewed at once.  The heating rate 

of the DigiMelt is adjusted by setting a temperature ramp along with a start and end 

temperature following the "Quick Start Instructions" on the front of the DigiMelt.  A ramp 

of 20 °C per minute will result in a rapid temperature rise while a ramp of say 2 °C per 

minute will give a slower rise that will more accurately measure the melting range of a 

solid.   

  

  



Record the temperature that the crystals begin to melt (crystals will look wet) and the 

temperature at which the substance becomes a clear liquid with no solid material 

remaining. This is the melting range. The DigiMelt provided a digital readout of the 

temperature. Equipment is not calibrated and may be off as much as ±3 
oC.  Consequently, do not expect the melting points obtained with the DigiMelt 

apparatus to be identical to those listed in the Table shown on page 3. The calibration 

of the DigiMelt thermometer will be checked using the melting range obtained for pure 

urea or pure cinnamic acid. Use the same DigiMelt for all your measurements. 

The Experiment 

Prelab Work: Answer the prelab questions at the end of this write-up on a piece of loose 

leaf paper (not in lab notebook) after you have read the experiment. A quiz will be 

given at the start of the period covering the introduction and this experiment in the 

laboratory manual, any lab lecture material from last week or this week, and the prelab 

questions.  

Laboratory Notebook: Be sure to read the section on the laboratory notebook in the 

introduction of the laboratory manual. All data, calculations, observations, and 

conclusions should be recorded directly in the laboratory notebook. Be sure to save the 

first two pages of the notebook for a table of contents. Results for unknowns are 

reported by filling a report sheet found at the end of the experiment and giving the 

sheet to your TA or stockroom (216). 

Supplies: DigiMelt, Capillary Tubes (closed end), mortar & pestle, cinnamic acid, urea, 

and chemicals in the table below. If possible, use the same DigiMelt for all your work. 

CAUTION:  All the used chemicals for this experiment should be placed into the bottle 

marked “Waste Organic Solids.” Used capillary tubes should be thrown in the broken 

glass container.  Avoid contact with these chemicals; some are irritants or are 

toxic.  Wash your hands when finished. 

 

 

 

 

 

 

 

 



Table 1.1: Melting Ranges of a Various Organic Compounds 

Compound Hazard 

Code 
Description/Uses Melting Point 

(ºC)** 
Vanillin 1102 Natural vanilla flavoring 81-82 
Dibenzofuran 2111 Minor constituent of coal tar 81-83 
Acetamide 3111 Solvent, plasticizer, stabilizer 79-81 
Azelaic Acid 0011 Rancidification product of fats 106-107 
   containing oleic acids  
o-Toluic Acid* 1011 Substituted benzoic acid 103-105 
m-Toluic Acid* 1011 Substituted benzoic acid 108-110 
Resorcinol 3111 Disinfectant 109-110 
Benzoic Acid 1213 Found naturally in berries 122-123 
Urea 2122 Used as fertilizer 132-133 
Cinnamic Acid 1113 Oxidation product of cinnamon 

oil 
132-133 

Acetylsalicylic Acid 2112 Aspirin 135-136 
Maleic Acid 2112 Manufacture of resins 137-139 
Benzilic Acid 2121 A carboxylic acid 150-153 
Adipic Acid 1202 Used to manufacture nylon 152-153 
Citric Acid 1123 Sour taste of citrus fruits 153-154 
Mannitol 0201 Manufacture of radio 

condensers 
167-170 

Tartaric Acid 1111 In soft drinks, cream of tartar 168-170 
Itaconic Acid 0112 A dicarboxylic acid 166-167 
Succinic Acid 0111 Manufacture of dyes, perfumes 187-190 
Ascorbic Acid 1111 Vitamin C 190-192 
Cholic Acid 2011 Emulsifies fats in the intestine 198-200 
 

*          These two compounds are isomers. 

**         These melting points may vary according to supplier.  Be sure to run a "mixed  melting" range

 in identifying unknowns. 

 

Melting Points and Mixed Melting Points of Compounds Having Similar Melting Points 

Determine the melting points of pure samples of cinnamic acid and urea as well 

as a 50:50 mixture of the two, and record the data in your lab notebook.  The three 

samples can be run simultaneously in the DigiMelt (use temperature range of ~110-140 
oC). To prepare a 50:50 mixture, mix equal small portions of these compounds (estimate 

the amount of each, about 0.02-0.06 g). Grind the mixture to a fine powder mix in a 

clean, dry mortar and pestle provided. Wash the mortar and pestle with soap and 

water, rinse with tap water, distilled water and acetone in hood to clean and dry.  

Is the melting point of the mixture different? If it is different explain why. If the 

melting point of urea differs from the value listed by more than as ±3 oC see your TA. 

You may have to repeat the melting point of urea and Cinnamic Acid. 



The Unknown 

To identify your unknown you must first measure its melting range. Tap a small 

amount of your unknown into two different capillary tubes. Just a few crystals are 

adequate. You may need to grind some of your unknown into a powder if it is too 

coarse to fit into the capillary tube. Find the melting point range of the pure unknown 

substance by first quickly determining an approximate melting range on a fast ramp (20 
oC/min from 70-210 oC) and then doing a slow, careful melting range with the second 

capillary tube you prepared (use a ramp of 2 oC/min and start about 15 oC below the 

melting range to 10 oC above the range). Make sure the DigiMelt is below 70 oC before 

starting the first melting range and 10-20 oC below the compound’s melting range 

before doing a slow careful melting range. Run cinnamic acid again with the unknown 

if the calibration was off. 

Using the melting ranges listed in the table on the previous page determine 

which possible compounds are within ±8 oC of your unknown's melting range. Make a 

50:50 mixture of the unknown with each of these possible compounds and carefully 

grind each mixture to a homogenous powder in a clean dry mortar and pestle.  Take 

the melting range of each mixture at the same time using a slow ramp (2 oC/min) with a 

starting temperature 20 oC lower that the slow run done with the unknown. Record all of 

your results on your report sheet. The mixture where the melting point does not change 

indicates that the two compounds in the mixture are the same. Clean the mortar and 

pestle and return to the storage location in the lab. You should now be able to identify 

your unknown and complete the report sheet for this experiment. Record, all results and 

answers to questions in your laboratory notebook. 

  

 

 

 

 

 

 

 

 

 

 



Prelab Questions   

1.  Two samples have the exact same melting points.  Are they the same compound? 

How could you tell for sure? 

2.  You have two samples of mannitol. One melted between 168º-169º and the other 

melted between 161º-168º. Which sample has the greater purity?  Why? 

3. Which would be the best way to determine the melting point of a compound? Why? 

     a.     Slowly run two very precise melting points. 

     b.     Run a very precise melting point and then run a fast one to double check your    

   work. 

     c.     Run a quick melting point for an approximate melting range, then a slow                   

precise one.  

4.  Risk Assessment: What are the safety hazards and precautions for this experiment? 

5.  How much sample needs to be placed in the capillary tube to determine a melting 

point? 

6.  How do you place the capillary tube in the DigiMelt? 

7.  Explain how a "mixed" melting point can be used to confirm the identity of a 

compound. 

8.  Name three intermolecular forces that hold organic molecules together as solids. 

 

 

 

 

 

 

 

  

  



CHM 235L - Melting Points Experiment Determination of Melting Points 

Name______________________________________________ Dana ID_________________  

Section Letter____ Locker #___________ Work Station #__________ Date___________  

 

A. Determination of the melting points of pure cinnamic acid, pure urea, and a 50:50      

mix. 

                                                                    Melting Range 

 Compound                        Start                        Finish 

            Cinnamic Acid          ____________ ºC _____________ ºC 

            Urea                           ____________ ºC _____________ ºC 

            50:50 Mixture             ____________ ºC _____________ ºC 

B.    Determination of Identity of an Unknown 

        Melting Range of Unknown _________________________ ºC 

        Mixed melting points (50:50 mix of unknown with compounds of similar melting 

ranges from table 1.1): 

                           Mixture                                  Melting Range 

        Unknown   &  ________________________________  ____________ – __________ ºC 

        Unknown   &  ________________________________  ____________ – __________ ºC 

        Unknown   &  ________________________________  ____________ – __________ ºC 

        Unknown   &  ________________________________  ____________ – __________ ºC 

Identification of Unknown __________________________________________________  

For Unknown #____________  

  

  

Turn in this completed report sheet to your TA before the end of lab. 



EXPERIMENT 2: DISTILLATION AND GAS CHROMATOGRAPHY 

OBJECTIVES 

            In this experiment a simple and fractional distillation of mixtures of cyclohexane and 

toluene will be conducted. Gas chromatography will be used to analyze samples to 

determine the effectiveness of distillation. 

INTRODUCTION 

            The separation of organic compounds is one of the most important tasks of the 

organic chemist. Organic compounds seldom occur in pure form in nature or as 

products of a laboratory synthesis.  The most commonly used method for purification of 

liquids is distillation, a process by which one liquid can be separated from another 

liquid, or a liquid from a nonvolatile solid.  

           Example: When water is heated with a heating mantle in a simple distillation apparatus (see fig.1 in 

appendix), the vapor pressure of the liquid, or the tendency of molecules to escape from the surface, 

increases. This process continues until the vapor pressure becomes equal to the atmospheric pressure, at 

which point the liquid begins to boil.  Addition of more heat will supply the heat of vaporization required for 

conversion of the liquid water to gas (steam), which rises in the apparatus, warms the distillation head and 

thermometer, and flows down the condensing column. The cool walls of the condenser remove heat from 

the vapor and the vapor condenses back to the liquid phase. Distillation should be conducted slowly and 

steadily and at a rate such that the thermometer bulb always carries a drop of condensate and is bathed 

in a flow of vapor. Liquid and vapor are then in equilibrium, and the temperature recorded is the true 

boiling point. If excessive heat is applied to the walls of the distillation flask above the liquid level, the vapor 

can become superheated, the drop will disappear from the thermometer, the liquid-vapor equilibrium is 

upset, and the temperature of the vapor rises above the boiling point.   

            Consider the separation of cyclohexane (81 °C) and toluene (111 °C). Most 

commonly, reported boiling points are at sea level and will always be lower than 

reported; the boiling point of water is 100 oC; at 7000 ft elevation it is 93 oC.  Using a 

simple distilling apparatus a mixture of these two miscible liquids starts to distill slightly 

above the boiling point of cyclohexane and stops distilling somewhat below the boiling 

point of toluene. All fractions of the distillate are mixtures and little separation of the two 

compounds is achieved.  If redistillation is repeated often enough, the two components 

of the mixture will eventually completely separate.  Fortunately this series of 

condensations and redistillations is done automatically in a fractionating column.   

The fractioning column shown in fig 3 of the appendix contains a stainless steel or 

copper scouring sponge, which forms a porous packing for the equilibration of vapor 

and condensate. Increased surface area and the materials surface tension play a role 

in how well these compounds are separated. At the start of the distillation of a mixture 

of cyclohexane and toluene the mixture boils and the vapors condense in the lowest 

part of the fractionating column.  



The composition of this condensate is similar to that of the first fraction collected 

in a simple distillation; richer in cyclohexane than in toluene, but by no means pure 

cyclohexane. Then, as more cyclohexane and toluene boil, the temperature of these 

vapors is higher than that of the first portion of the mixture, because the portion 

contains less cyclohexane and more toluene. These hot vapors contact the liquid 

already in the fractionating column from the first part of the distillation and a heat 

transfer takes place, which causes the more volatile component (cyclohexane) to boil 

from that liquid. A succession of these condensations and vaporization occur 

throughout the column with a continually purer mixture found at the top of the column. 

The efficiency of a column is rated by the number of simple distillations that take place 

inside the column. After cyclohexane–toluene vapor has warmed the entire length of 

the column, the less volatile part condenses and trickles down over the surface of the 

packing, while fresh vapor from the flask forces its way through the descending 

condensate with attendant heat interchange. A number of equilibrations between 

ascending vapor and descending condensate take place throughout the column. The 

vapor that eventually passes into the receiver flask is highly enriched in the more 

volatile cyclohexane, whereas the condensate that continually drops back into the 

heated flask is depleted of the volatile component and enriched with the less volatile 

toluene. The packaging is used in the column to increase the vapor-liquid contact 

area.  Since equilibration is fairly slow, slow distillation effects better separation. 

A process similar to fractional distillation is used to process and produce gasoline 

from crude oil. Gas chromatography is a technique that can be use to analyze volatile 

organic liquids identify and determine purity of samples. See the appendix for more 

information on distillations and gas chromatography. 

EXPERIMENTAL PROCEDURE 

 This experiment will be done individually. If contrasting simple vs. fractional 

distillation as instructed by your TA, you will need to share data with one other person. 

Glassware and Equipment 

Simple Distillation: 50 mL and 250 mL round bottom flasks, 3-way connecting tube, West 

condenser, vacuum connecting tube, straight tube adaptor, 50mL graduated cylinder, 

two or three ring stands, 250 mL heating mantel and voltage controller, 3-4 clamps and 

clamp holders, ring support, thermometer, thermometer holder, boiling chips, ice. 

Fractional Distillation: Additional equipment including Simple Distillation equipment: 

condensing column, steel wool. 

Other Equipment: Gas chromatograph. 



Chemicals: 50 mL of toluene/cyclohexane mixture per distillation. 

Cautions: Goggles must be used at all times. Toluene (2301) and cyclohexane (2302) 

are flammable and moderately toxic. Keep away from sources of ignition and avoid 

contact with skin. Gloves are available for use. To prevent fumes from escaping into the 

lab, all manipulations of cyclohexane and toluene must be done in a fume hood. 

Review the safety information in the lab manual introduction with a focus on fume 

hoods and fire safety. In addition transport of these outside of a fume hood should only 

be done in stoppered containers. Also, any glassware used should be rinsed with a 

small quantity of acetone (~5 mL) in a hood before washing in a sink with soap and 

water. 

1. Thermometer Calibration 

Test the 0 oC point of your thermometer with a well-stirred mixture of crushed ice and 

distilled water. Check the boiling point with water with the thermometer; this is 

approximately 93 oC. Your TA will setup these baths for the class to use.Exposing the 

thermometer to extreme temperature ranges can cause the glass to shatter. Do not 

place the thermometer in the ice bath and then immediately into boiling water or vice-

versa.  

2. Simple Distillation 

Apparatus: Assemble the apparatus for simple distillation shown in Fig 1 of the 

appendix. Place the flask with the liquid to be distilled inside the heating mantel. One or 

two boiling stones are put in the flask to promote even boiling. Each ground joint is 

lightly greased by putting a thin film of grease length wise around the male joint and 

pressing the joint firmly into the female. Air is eliminated and the joint will appear almost 

transparent.  (Don’t use excess grease as it will contaminate the product.). Water is 

circulated through the outer jacket of the condensing column; it enters the condenser 

at the lower entrance to the condenser jacket (closest to receiving flask). Because of 

the large specific heat capacity of water only a very small stream (3mm diameter) is 

needed; too much water pressure will cause the tubing to pop off. A heavy rubber 

band or clip can be used to hold the condenser to the distillation head. Note that the 

bulb of the thermometer is placed below the opening into the side arm of the 

distillation head. Collect the distillate in a 25 or 50 mL graduated cylinder.  

Simple Distillation of Cyclohexane-Toluene Mixture: Place 35 mL of an unknown mixture 

of cyclohexane and toluene, 2-4 boiling chips in a dry 250 mL round bottom flask and 

assemble the apparatus for simple distillation. After making sure all ground glass 

connections are tight, heat the flask strongly until boiling starts by setting voltage of the 

power supply around 70 V and then backing off to 50 V as needed. Adjust the heating 



mantel until the distillate drops at a rate of about 1 drop per second.  Record both the 

temperature and the volume of distillate at regular intervals to plot graphically later. 

Take a sample for GC analysis in a clean dry vial when 3 mL have distilled over.  When 

the temperature begins to increase more rapidly switch the receiving flask with another 

dry/empty one. There may not be a clear change in temperature when you begin 

distilling toluene instead of cyclohexane. Pour the already collected distillate into a 

clean, dry flask and stopper it. After about 33 mL of distillate have been collected, 

discontinue the distillation by simply turning the power off to the heating mantle. Never 

distill to dryness. With your TA’s assistance, run a gas chromatogram (GC) on the 

sample collected. Make any thermometer correction as necessary and plot boiling 

point vs. total volume of distillate collected as shown in figure 5 of the appendix. Graph 

using Excel or Graphical Analysis. 

3. Fractional Distillation 

Apparatus: Assemble the apparatus shown in Fig. 3 in the appendix. The fractionating 

column should be placed vertically and loosely packed with stainless steel or copper 

wool.  

Fractional Distillation of a Cyclohexane-Toluene Mixture: Obtain 35 mL of an unknown 

toluene-cyclohexane mixture and place and transfer into a clean, dry 250 mL round 

bottom flask. Attach the flask to the fractional distillation apparatus. Apply heat and 

quickly bring the mixture to a boil. Collect the distillate in an ice cooled 50 mL 

graduated cyliner. As soon as boiling starts, turn the heating mantel to the smallest 

setting that boils the liquid.  Heat the flask slowly at first.  The upper edge of condensate 

will rise slowly through the column. The rise should be very gradual, in order that the 

column can acquire a uniform temperature gradient. Do not apply more heat until you 

are sure that the ring of condensate has stopped rising, then increase the heat 

gradually. In a properly conducted distillation, the vapor-condensate mixture reaches 

the top of the column only after several minutes.   

Once distillation has commenced, it should continue steadily without any drop in 

temperature at a rate not greater than 1 mL in about 2 minutes. Observe the flow and 

keep it steady by slight increase in heat as required. Record the temperature as each 

milliliter of distillate collects. Take a sample for GC analysis in a clean and dry, capped 

vial when 3 mL have distilled. Pour all the distillate before the temperature rise into one 

Erlenmeyer flask and stopper it. Stop the distillation when you have collected about 33 

mL after a second constant temperature is reached.  Plot a distillation curve as shown 

in figure 5 of the appendix. Run a gas chromatogram on the first low boiling fraction 

and give this product to your TA. Place all of the cyclohexane/toluene distillates into the 

bottle labeled “Cyclohexane/Toluene Distillates”. All other used chemical and rinses are 

placed into the “Acetone Waste” bottle. 



Data Analysis 

 Gas Chromatographs taken. 

 Plots of volume versus temperature for both the simple and fractional distillation. 

 Calculations showing the percent composition of toluene and cyclohexane in 

the original mixture from the distillation curve and the GC data. 

 Write a paragraph interpreting the distillation plots and GC data. Compare the 

effectiveness of the two types of distillations. 

 

Pre-Lab Work 

1.    Read experiment and the appendix covering distillation and gas chromatography.  

2.    Draw pictures of a simple & fractional distillation & label all the components of each. 

3.    What is the difference between a simple and fractional distillation?  

4.    Briefly describe how a fractional distillation separates volatile organic liquids. 

5.    What is a gas chromatograph used for in this experiment? 

6.    Draw a schematic of a gas chromatograph and describe how it works 

7.    List three ways to prevent fumes from escaping into the lab room. 

8.    Risk Assessment: What are the safety hazards and precautions for this experiment?   

                 

 

 

 

 

 

 



EXPERIMENT 3: SEPARATION OF ORGANIC MIXTURES AND 

IDENTIFICATION OF ORGANIC COMPOUNDS. 

INTRODUCTION 

            A common problem encountered in chemistry involves the separation of a 

mixture of multiple compounds into isolated fractions followed by the purification and 

identification of each. To effect the separation, a chemist must take advantage of 

different properties of the mixtures’ components. Differences in solubility, density, acid-

base chemistry and reactivity are utilized to separate a mixture of compounds. Each 

component of the mixture is then purified and identified. The components will be 

unknown to the student except that one compound is a liquid neutral organic 

compound with a high boiling point and the other a carboxylic acid. The carboxylic 

acid can react with a base such as sodium hydroxide to form an anion which is water 

soluble. The organic neutral molecule does not react in the presence of hydroxide, 

keeping it a water insoluble compound. The possible organic neutral compounds are 

listed in table 3.1. 

 Carboxylic acids are compounds which include one or more carboxyl functional 

groups (below). A functional group can be defined as an atom or group of atoms in a 

definite structural arrangement that influences the properties of an organic 

compound. The carboxyl group gives the following possible unknowns their acidic 

character. 

                                                           R OH

O

   

Figure 3.1: General carboxylic acid structure 

Once the unknown neutral and acid compounds have been separated and purified 

they will then be identified, the neutral compound via its infrared spectrum and the 

carboxylic acid via its melting range. 

 

 

 



Table 3.1: Possible Neutral Unknown Compounds and Boiling Points 

Functional Group Compound B.p. (oC) Baker Hazard 

Hydrocarbons 

Decalin 

 

190 2021 

o-Xylene 

 

144 2213 

Alcohols 

Cyclohexanol 

OH

 

160 2213 

Benzyl alcohol     
OH

 

205 2213 

Ketones 

Cyclohexanone 

O

 

157 2213 

Acetophenone 

O

 

200 1212 

Nitriles 

Malononitrile 

NN

 

219 2223 

Benzonitrile 

N

 

191 1211 

 

Extraction                                                                 

 Here, R stands for any group of atoms attached to the functional group 

COOH.  As with any Brønsted acid, a carboxylic acid reacts with hydroxide ion, OH-, to 

produce the conjugate base of the acid, the carboxylate ion and water as a 

byproduct. The carboxylic acid is soluble in organic solvents but insoluble in water. The 

carboxylate ion is water soluble and insoluble in organic solvents. This reaction changes 

the solubility properties of the acid molecule. We can take advantage of these 

property changes in separating the acid from the mixture. 



           R OH

O

+ OH
-

R O

O

-

+ OH2

 

Reaction 3.1: Carboxylic acid reactions with hydroxide forming the carboxylate ion. 

 TABLE 3.2: Possible unknown carboxylic acids. 

Compound Melting Range (°C)    Baker Hazard  

o-Toluic Acid (2-Methylbenzoic acid)       103-105 1112 

Azelaic Acid  106-107 0112 

m-Anisic Acid (3-Methoxybenzoic acid)   105-107 1112 

2-Phenoxypropionic  acid 116-119 3112 

Benzoic Acid 121-123 1213 

Sebacic Acid 131-134 1113 

Cinnamic Acid 132-135 2112 

1-Naphthoic Acid 157-160 2112 

Salicylic Acid 158-160 2112 

p-Toluic Acid (4-Methylbenzoic acid) 180-182 1112 

p-Anisic Acid (4-Methoxybenzoic acid) 182-185 1112 

 The neutral component of the mixture may be any one of the hydrocarbons, 

alcohols, ketones, or nitriles listed in Table 3.1. Neutral compounds will not react with 

either an acid or a base. Additionally, the neutral compounds are also water insoluble 

but very soluble in organic solvents.  

The Separation of the Aqueous and Organic Layers 

            The variations in solubility of both components have been identified which will 

allow for their separation. A technique called liquid-liquid extraction takes advantage 

of the differences in solubility of the components by shaking the neutral and carboxylic 

acid with two immiscible solvents.  

 The organic solvent will be tert-butyl methyl ether (TBME) and the polar aqueous 

layer will be a 5% NaOH solution or water. The density of TBME is 0.74 g/mL and the 

density of the NaOH solution is approximately 1 g/mL. 

            Initially the mixture of the neutral organic and carboxylic acid unknowns will be 

dissolved in TBME forming an organic solution. This organic solution is shaken with a 

dilute aqueous sodium hydroxide solution and then allowed to stand until the two layers 

separate.  During the shaking process, the hydroxide ion reacts with the carboxylic 

acid component of the mixture to form the water soluble carboxylate anion (Reaction 



1). This changes the solubility of the acid resulting in most of it moving from the organic 

liquid layer and becoming solvated by the aqueous layer. The aqueous layer 

containing the carboxylate anion and the organic layer containing the neutral organic 

compound are allowed to separate and these phases are then separated into two 

fractions by draining the lower, aqueous layer.  

            The two phases will separate and form two separate layers based on differences 

in polarity and density. The organic layer is much less polar and has a much lower 

density compared to the diluted NaOH solution. Sometimes the difference in polarity 

and/or density of the two phases may not be great enough to effect a separation 

causing the formation of an emulsion. The separation can sometimes be improved by 

adding more NaOH solution or TBME solvent. 

            It is important to note that single extractions often do not yield a complete 

separation, and multiple extractions may be needed. In your work, you will extract the 

original organic solution two times with aqueous sodium hydroxide solution to remove 

the acid and water soluble impurities from the organic layer. The two aqueous extracts 

are then combined and set aside as the aqueous sodium hydroxide fraction. The 

organic solution is further extracted once with distilled water to remove any trace 

amount of water soluble impurities. Once these extractions are complete, the organic 

solution should contain only the neutral organic compound and the organic acid has 

been extracted into the NaOH solution. 

Purification 

            Once the two components have been separated, we must obtain each of them 

in a pure form so they may be better identified. The pure carboxylic acid in this 

sequence is a solid while the neutral compound is a liquid. The water soluble 

carboxylate anion will be precipitated from the sodium hydroxide extract by adding 6M 

HCl and then recrystallized for purification. The pure neutral compound can be 

obtained by distilling the lower boiling solvent (TBME) off, leaving only the pure neutral 

liquid. 

Carboxylic Acid Precipitation 

            The carboxylic acid is extracted into an aqueous hydroxide solution because the 

carboxylate anion RCOO- dissolves more readily in water than in the organic solvent 

because the anion is solvated by the polar water molecules. The addition of 

hydrochloric acid (HCl) to the aqueous layer first reacts with excess hydroxide ion. 

 



NaOH(aq) + HCl (aq)  H2O + NaCl (aq) 

Reaction 3.2: Hydroxide Reacts with hydrochloric acid. 

and then after the hydroxide ion has been consumed, the carboxylate anion reacts to 

yield the original acid (Reaction 3.3). 

R OH

O

+ OH2R O

O

-

+ OH3

+

 

Reaction 3.3: Carboxylate protonation in the presence of acid reforms the carboxylic acid. 

 Since the carboxylic acid has a very limited solubility in water most of it will 

precipitate; that is, the solid will form in the solution. The addition of acid clearly shows 

an insoluble white solid forming. The solution is then filtered to separate the acid crystals 

from the aqueous solvent, water. In general, a solid which forms rapidly is not very pure 

because the crystal lattice includes impurities; further purification of the carboxylic acid 

requires recrystallization. 

Purification of the Neutral Compound 

            The TBME and neutral compound mixture is treated with a small portion of 

anhydrous sodium sulfate, a drying agent, to remove trace water before the TBME is 

removed by simple distillation. The pure, neutral compound in this experiment is a liquid 

which has a characteristic boiling point significantly higher than that of the organic 

solvent, TBME which has a boiling point of 55 oC.  Simple distillation will then be used to 

remove the TBME from the neutral compound. The TBME collected will be recycled. A 

"rotary evaporator" will then be used to remove the final traces of TBME from the neutral 

organic compound. The rotary evaporator is used to conduct a form of vacuum 

distillation and can be used whenever the compounds which need to be separated 

have very different boiling points. The organic solvent evaporates easily when heated 

at the low pressure, leaving the neutral compound behind. 

 Identification of Unknown 

            The acid in the unknown will be identified by melting point and mixed melting 

points while the neutral compound will be identified by infrared spectroscopy. Read 

and study the information in the appendix on these two techniques. 

 



Experimental 

 At first, it is remarkably easy to get lost in this sequence!  The flow chart on the 

next page is designed to help you get an overview of the procedure to help keep track 

of where you are and where you are heading. If you do get lost hug the nearest tree 

until you are found (just kidding). 

PRELAB ASSIGNMENT: Review information on acid-base concepts, solvation, extraction, 

recrystallization, simple distillation, infrared spectroscopy, melting temperature 

determinations, drying agents in this experiment, the appendix, previous experiments, 

and the lecture text. Then answer all of the pre-lab questions at the end of this 

experiment! 



Experimental Procedure Flowchart 

 

 



Glassware and Equipment:  

Week One: 2-4 100-150 mL beaker and Erlenmeyer flasks, separatory funnel and glass 

stopper, Two 125 mL E. flasks with stoppers (one rubber and one cork), vacuum flask, 

vacuum tubing, 3-prong clamp, ring stand, Büchner funnel with rubber adaptor and 

fitted filter paper, pH paper, hot plate/magnetic stirrer, and ice bath.  The ice machine 

is located in room 210. 

Week Two: glass funnel, glass wool, graduated cylinder, rotovap, infrared 

spectrophotometer (FT-IR), digimelt, capillary tubes (closed end). 

Simple Distillation: 100 and 250mL round bottom flasks, 3-way connecting tube, West 

condenser, vacuum connecting tube, straight tube adaptor, two or three ring stands, 

thermometer, thermometer holder,  250mL heating mantel and voltage controller, 3-4 

clamps and clamp holders, ring support, boiling chips, ice. 

Chemicals: 60 mL tert-butyl methyl ether (TBME) (2312), 40 mL RO water, anhydrous 

sodium sulfate - Na2SO4 (1121), 25 mL 5% Sodium Hydroxide – NaOH (2013), ~12 mL 6M 

Hydrochloric Acid - HCl (3024), ~15 mL 95% ethanol (0301), ID unknown (3223)  that can 

contain chemical combinations from tables 3-1 and 3-2. 

WARNING: Save your purified acid and neutral organic compounds until you have 

received a grade. 

Extractions: 

1.         Obtain 60 ml of tert-butyl methyl ether from the wall hood placing it in a 

stoppered Erlenmeyer flask for transport to your hood space.  TBME is a non polar 

solvent and has a B.P. of 55 oC and density 0.74 g/mL.  

           WARNING:  tert-butyl methyl ether & the unknowns are organic compounds are 

flammable & may be toxic and irritants. Avoid contact with skin or eyes & 

inhalation. Do all work in a fume hood.  Flush with water in case of contact & 

notify instructor. Keep these compounds away from open flames. Wear goggles 

& gloves at all times. 

2.         Transfer your entire unknown (which is labeled ID-xxxx) into the 125 ml separatory 

funnel. Use a ring stand from the lab and a ring clamp and wire triangle from 

your locker to hold the funnel.  Use some of your TBME to rinse the unknown from 

the vial into the funnel.  Then add the rest of the TBME to the funnel.        

            



 WARNING:  5% NaOH is a strong base.  Avoid skin or eye contact.  Flush with 

water for 15 minutes in case of contact and notify your instructor. Wear goggles 

and gloves at all times for this experiment. The use of lab coat or apron is 

suggested. 

3.            Add 15 ml of 5% sodium hydroxide solution to the funnel.  Place a lightly greased 

stopper in the funnel.  Turn the funnel upside down being sure to keep the 

stopper held firmly in place. Grasp the stopcock in the other hand so it will not 

fall out and shake.  Release the internal pressure often by inverting and opening 

the stopcock momentarily (point the funnel tip into the hood and away from 

colleagues!)  After shaking well, place the funnel right side up in a ring stand and 

allow the phases to separate into two layers.  If the layers do not separate 

cleanly, obtain the assistant's or instructor's help in "breaking" the emulsion 

(cloudy layer) formed. Adding more TBME or 5% NaOH and shaking again may 

help break the emulsion.  You want all of your solid acid (ROOH) to be dissolved 

at this point.  If it has not, seek counsel from the TA/instructor then add 5 ml of 5% 

NaOH, shake vigorously, let settle and repeat until dissolved.  Enter the amounts 

added or changes in procedure in your lab notebook.  If the emulsion cannot be 

broken, put it in the bottle labeled "Aqueous Waste" and start over with a new 

unknown obtained from the prep stockroom (216). 

4.         Most of the unknown carboxylic acid (ROOH) has been extracted from the 

organic (upper layer) phase into the aqueous (bottom layer) phase.  We want to 

save the aqueous extract and extract the organic phase a second time.  If you 

are not sure which layer is organic, consider the densities of the molecules 

involved.  As a last resort, you can always do the "water trick."  Simply add a few 

drops of distilled water to your separatory funnel and observe which layer the 

water drops add to. The idea is that the water will add to the water layer, like 

dissolves like.  Remove the stopper from the funnel and drain the aqueous 

solution into an E. flask.  Try to separate the two phases as sharply as 

possible.  The organic and aqueous layers must separate cleanly.  If you have an 

emulsion between the layers, obtain help from the TA to separate the layer.  Be 

very careful to label the flasks carefully so that you know what is in it, e.g., 

aqueous 5% NaOH extract with unknown acid or organic solution with neutral 

unknown. 

5.         Add about 10 ml of 5% sodium hydroxide to the organic solution and swirl and 

 then shake to extract the solution as before. 

6.             Drain the aqueous layer and pour it into the flask which contains the first aqueous 

extract. Stopper the flask or cover it with parafilm and save it for further work. 

 



7.             What should be in the organic and aqueous solutions now?  Answer this in your 

notebook. Now extract the organic solution a final time with 20 ml of distilled 

water to remove any water soluble impurities just as you did before.  The distilled 

water can be discarded in the container for “Aqueous Waste”. 

8.         The remaining organic solution may be saved in another E. flask until you are 

ready to start your distillation.  Add about 2 grams of Na2SO4 to the organic 

solution.  Stopper the flask with a cork (wood).  A rubber stopper could absorb 

the organic solvent, TBME, and swell completely out of normal proportions.  Swirl 

this solution and store it.  Record your observations of the organic solution before 

and after adding the drying agent.   

           *As you read the following steps, you should realize that there will be time to work 

on more than one of your components during the same lab period.  Start to develop 

the knack of planning ahead to dovetail two or more parts of your experiment. 

Purification of the Unknown Acid:   

 1.        Transfer the sodium hydroxide extract to a beaker.  Use a little distilled water to 

make the transfer as quantitative as possible. 

 2.        It would be to your advantage to review the preliminary discussion on 

precipitation of the acid. Neutralize the NaOH extract by adding 10 ml of 6 M 

hydrochloric acid slowly and with stirring in a beaker. When the hydroxide ion is 

neutralized the unknown acid will begin to precipitate. Keep adding 6 M HCl 

until the solution is acidic (pH<7, test with pH paper).  Then add about 2 ml of 

excess hydrochloric acid to ensure complete precipitation of the acid.  

 WARNING: 6 M HCl is a strong acid.  Avoid contact with eyes and skin. Wear 

safety goggles at all times.  Flush well with water in case of contact and notify 

the TA or instructor 

3.         Cool the solution in an ice bath to a temperature of about 5 oC because 

solubility decreases as temperature decreases!  Ice is available in room 

210.  Cool some distilled water at the same time.  Collect the newly precipitated 

acid using vacuum filtration and wash it with the cold distilled water. Use the right 

size of filter paper and seal it against the inside bottom of the funnel with a little 

water while the vacuum is on. You may want to save the filtrate (the solution in 

the flask) until you are sure you have a good yield of crystals, otherwise put it in 

the container for “Aqueous Waste”. BUT IF YOU DO SAVE THE FILTRATE, DO NOT 

COMBINE THE IMPURE FILTRATE CRYSTALS WITH THE PURE CRYSTALS REMAINING IN 

THE FILTER FLASK UNTIL YOU CONSULT THE TA. 



4.         Use a spatula to scrape the solid from the filter paper into a 150 ml beaker for 

recrystallization.  

  

Recrystallization 

1.        Add about 12 ml of distilled water to the beaker and heat the solution on a hot 

plate so that it just boils. Add up to 15 ml of 95% ethanol dropwise until all solid 

has dissolved. 

     WARNING:  Ethanol is flammable!  Do not use near open flame! 

2.        If the solid dissolves in about 10 minutes, set the flask aside to let it cool slowly to 

room temperature, allowing the unknown acid to recrystallize.            

3.        If the acid does not dissolve completely, add about 5 ml of ethanol dropwise 

and reheat.  Continue adding 5 mL portions of ethanol and heating until the 

acid does dissolve when the solution is hot.  Then allow the flask to slowly cool to 

near room temperature to obtain purified acid crystals.  The solution needs to be 

cooled slowly since rapid crystal formation will trap impurities in the crystal lattice 

and defeat the purpose of recrystallization.  If you do not have crystals at room 

temperature check the pH of the solution at room temperature. If the pH is 

below 7 continue to step #4.  If the pH is above 7, add 6M HCl drop wise, until 

the pH is below 7. There may also be too much solvent some of which will have 

to be boiled off if crystals do not form. 

4.        After the crystals have formed and the solution has returned to near room 

temperature, cool the solution in an ice bath for 10 minutes, recover the crystals 

by vacuum filtration and wash them with cold distilled water. 

5.        Scrape the crystals from the filter paper into a pre-weighed beaker to allow them 

to air dry until the next lab period or oven dry for an hour at about 90 oC before 

determining the melting point. While the crystals are drying proceed to the next 

part of the experiment.  Clean the funnel and filter flask and wash the filtrate 

down the drain if your yield of acid crystals is good. Reweigh the beaker next 

week to get the mass of the acid crystals. STOP HERE UNTIL NEXT WEEK. 

 

 

 



Removal of water and the solvent, TBME, from the Organic Neutral 

            It is desirable to purify the liquid, neutral compound before obtaining an infrared 

spectrum.  If your previous separation of the unknown acid was incomplete, the acid 

might very well contribute to the spectrum of the unknown neutral compound 

obfuscating the interpretation. TBME may also contribute to the spectrum if not 

completely removed.  After removing the TBME by simple distillation and then vacuum 

distillation (using a rotary evaporator), you should be able to obtain a very pure neutral 

compound for infrared analysis.  

            Another possible contaminant is water.  The water could be removed by 

distillation but it is easier to use the following method. The sodium sulfate (solid), which 

was previously added to the TBME and organic neutral unknown mixture, will absorb the 

water in solution by forming a hydrate. The solution will now be collected using gravity 

filtration. Support the glass funnel with the ring support and place a plug of glass wool or 

filter paper in the funnel. Place a clean, dry 250 mL round bottom flask under the funnel 

and decant the TBME containing your neutral unknown into the funnel slowly.  The dry, 

filtered TBME solution can be stoppered and set aside for the simple distillation. The solid 

sodium sulfate can be washed down the sink with water after the residual TBME has 

evaporated in a fume hood.  (What additional peak would you see on your infrared 

spectrum if the water is not removed?)  Record the answer in your lab notebook. 

Simple Distillation 

            The bulk of the TBME will be removed from the dried TBME solution using a simple 

distillation procedure.  Refer to the Appendix page A-2, figure 1, for a drawing of a 

simple distillation apparatus and read the information on distillation procedures for 

more background information. A simple distillation will be used to remove most of the 

TBME since this organic solvent is an environmental hazard. The pure, distilled TBME that 

is collected in the receiving flask will be recycled.    

            Assemble the simple distillation apparatus using a 250 mL round bottom flask for 

the container to be heated and the 100 mL round bottom flask as the receiving flask. 

Place a few boiling chips in the flask. Use a heating mantle initially as your heat source. 

Get the TA or instructor to approve your apparatus before beginning. Adjust the heat so 

that the solution comes to a boil but does not boil over the top of the flask.  Monitor the 

temperature as the distillation proceeds and record any temperature 

changes.  Continue the distillation until the temperature starts dropping. Remove the 

heat and allow the flask to cool. 

 



            Remove the receiving flask containing the pure distilled TBME, measure the 

volume of distilled solvent, and pour it in the bottle in the waste hood labeled "Distilled 

TBME".  Do not put anything else in this bottle! Now a rotary evaporator will be used to 

remove residual TBME from your unknown neutral compound. Your assistant or instructor 

will then help you to remove the remaining residual TBME using a rotary 

evaporator.  The liquid remaining should be the neutral compound. Measure the 

volume of this liquid in mL. Calculate % of TBME recovered based on the volume.  

Unknown Identification 

Neutral Organic Unknown by Infrared Analysis 

            Obtain an infrared spectrum of your pure, liquid neutral compound. Use this 

spectrum to determine the functional groups that your neutral unknown does and does 

not have and then identify it as one of the possible compounds listed in Table 3.1.  Save 

your organic neutral until your graded unknown report sheet is returned to you.  It can 

then be discarded in the bottle labeled "Acetone Waste". 

Carboxylic Acid Unknown by Melting Point 

            Measure the mass of unknown collected and then measure the melting point. 

You may find it possible to save time by preparing two capillary tubes--using the first 

tube to find an approximate melting range with rapid heating and the second tube to 

find a more accurate melting range with slower heating. Remember to always report a 

melting range with the initial temperature at which liquid is observed and the final 

temperature at which the solid disappears and the sample is completely liquified. Then 

perform a mixed melting point with compounds in the melting range of the unknown to 

determine its identity as was done in the melting point experiment. Save the purified 

unknown carboxylic acid until you are satisfied with your grade and then place it in the 

waste bottle marked "Waste Organic Solids". 

  

 

 

 

 



Experiment 3 Study Guide – Prelab Questions  

1.         The presence or absence of key functional groups will enable you to identify the 

neutral organic compound in your unknown. List these key functional groups (hint: 

see table 3.1): 

2.         If you were given a separatory funnel and told it contains an organic and aqueous 

layer, how could you determine which layer was aqueous? 

3.         Express the density of the solvents in units of grams/mL.  Which is denser: TBME or 

H2O?  Which would be the top layer? 

4.         What component of the unknown solution (neutral or acid), is extracted into the 

organic solvent and which is extracted into the aqueous 5% sodium hydroxide? 

5.         Explain the basic chemical principles by which you will separate your organic acid 

from the neutral compound. Use chemical reactions and solvent polarity to help 

answer this question. 

6.        Explain how the carboxylate anion (RCOO-) is converted back to the unknown acid 

and recovered. (use a chemical reaction in your explanation)   

7.         What is the purpose of the recrystallization step?  Why wash the crystals with cold 

water instead of room temperature water? 

8.        How are the TBME and the H2O removed from the neutral unknown to purify it? 

What is the purpose of sodium sulfate in this experiment, and how much do you 

add? 

9.         If the melting range is 104-106 oC what acid from table 3.2 is it? 

10.      Three liquids have the densities noted and are immiscible in each other:  A (1.01 

g/mL), B (1.31 g/mL), and C (0.72 g/mL). If equal volumes of the three liquids are 

mixed together which will be on the top, middle and bottom?  Why? 

11.       The IR spectrum for an unknown has a strong doublet peak at a wave number of 

about 2950 cm-1 and no other peaks until 1500 cm-1 or less. Which neutral unknown 

listed on page 3-1 is it? Why?  

12.      Risk Assessment: What are the safety hazards and precautions for this 

experiment? 



ORGANIC SEPARATIONS - EXPERIMENT 3 

CHM 235L REPORT SHEET FOR UNKNOWN ID-XXXX 
 

Student’s Name    ____________________________ Dana ID_________    

Unknown #________  Section Letter__________  

Turn in this report sheet to the box inside the prep stockroom window (room 216).        

  Do not put this sheet in the notebook.  Do not write the hazard code, which has the 

form HC-XXXX, for the unknown number. The unknown number can be found on the vial 

containing the unknown or, if the vial is missing, the unknown number should also be 

recorded in the blue book in the prep stockroom. The unknown number on the vial 

starts with ID-. 

UNKNOWN ACID 

            Melting Range oC   (from slow run) _________________________  Mass (g)_______ 

50:50 Mixtures of Know Possible Compounds With Unknown 

             Compound Name                         Melting Range ( oC) 

            ______________________         ________________ 

            ______________________       ________________ 

Identity of the Organic Acid Unknown:_____________________________________   

UNKNOWN NEUTRAL 

List All Functional Groups (with cm-1):  

 

Identity of the Organic Neutral Unknown _______________________ Volume (mL)_______ 

Percent Yield or Recovery of TBME________________________ 

Teaching Assistant's Initials for Checking This Sheet__________      



EXPERIMENT 4 - SYNTHESIS OF ISOPENTYL ACETATE 

OBJECTIVE 

 The synthesis, purification, and characterization of an ester, isopentyl acetate 

(banana oil) are the objectives of this experiment. 

INTRODUCTION  

 In this experiment an organic acid is refluxed with an alcohol to make an ester 

via a Fischer esterification reaction. The product will then be purified via liquid-liquid 

extraction and distillation. The ester, isopentyl acetate is an artificial food flavoring that 

tastes and smells like bananas! Obtaining 100% yield of the ester is difficult because the 

reactants and products are in equilibrium.S 

 Boiling point and infrared analysis will be used to characterize the product. 

Please note that the above boiling points are at sea level. Boiling points measured in 

Flagstaff will be lower since the atmospheric pressure is less at 7,000 feet compared to 

sea level. 

OH

O

OH O

O

+


H2SO4
  

 Reaction 4.1: Acid catalyzed Fischer esterification forming isopentyl acetate. 

 Table 4.1: Properties of reagents and products. 

Compound Acetic acid Isopentyl alcohol Isopentyl acetate 

B.P. (oC) 118 114 142 

D (g/mL) 1.053 0.813 0.876 

M.W. (g/mol) 60.05 88.15 130.18 

  

 

EXPERIMENTAL PROCEDURE 

Prelab Preparation: Read in your lecture text about the synthesis and properties of 

esters. Study the lab techniques of distillation, reflux, liquid-liquid extraction, and infrared 

analysis in the appendix. Answer the prelab questions at the end of this experiment. 

Work individually on this experiment.  



Glassware and Materials:  

Week 1 - Reflux: Distilling column, 250 mL round bottom flask, ring stand, 250 mL heating 

mantel and voltage controller, 2 clamps and clamp holders, ring support, boiling chips, 

ice. 

Other Equipment: separatory funnel with glass stopper, pH paper, two preweighed 

Erlenmeyer flasks with stoppers, glass stir rod and glass wool 

Week 2: Simple Distillation: 25, 50, and 250mL round bottom flasks (preweigh 25 and 50), 

3-way connecting tube, West condenser, vacuum connecting tube, straight tube 

adaptor, thermometer, thermometer holder, two or three ring stands, 250mL heating 

mantel and voltage controller, 3-4 clamps and clamp holders, ring support, boiling 

chips, ice. 

Other equipment: glass stir rod and glass wool, FT-IR 

Chemicals: 20 mL glacial acetic acid (2223), 4 mL conc. sulfuric acid (3034), 55 mL cold 

RO water (0010),10 mL cold brine solution-saturated NaCl in water (1001), 25 mL 5% 

sodium bicarbonate (1011), acetone (1321), 1-2g anhydrous sodium sulfate (1121). 

Cleaning Glassware:  Use soap and water to clean your glassware, and to dry 

glassware use an oven and/or acetone. Glassware that is difficult to clean can be 

rinsed with hexane and then with acetone to remove any leftover hexane. The hexane 

will dissolve any residues of vacuum grease. Be sure to wear gloves and use a fume 

hood to do the rinsing and place the used hexane and acetone in the proper waste 

bottles labeled “Waste Acetone". 

CAUTION: Exercise caution to avoid contact with concentrated sulfuric acid (3034) and 

glacial acetic acid (2223). They will cause serious burns if spilled on the skin. In case of 

contact with skin or clothes wash off immediately with excess water and use safety 

shower if needed. Sodium bicarbonate may be used to neutralize the acid. Clean up 

all spills immediately. Household vinegar is typically 5% acetic acid and glacial acetic 

acid is 99.8% pure. Wear goggles at all times! Lab coats or aprons would also be a 

good idea. Also be aware that acetone (1321), acetic acid (2223), isopentyl alcohol 

(1302), and isopentyl acetate are flammable. Keep open containers of these chemicals 

away from sources of ignition such as a bunsen burner flame and only work with them 

in a fume hood to control release of fumes into the lab. Keep containers with chemicals 

stoppered and rinse glassware with acetone in hood before washing at the sinks to 

avoid release of fumes. 



Assemble Apparatus and Obtain Reactants: Assemble the reflux setup shown in the 

appendix on page A-2. Lightly grease the ground glass joint between the 250 mL round 

bottom flask and the column condenser (the bigger of the two condensers). Clamp the 

round bottom flask and top of the condenser so that there is enough room to raise or 

lower the heating mantel under the flask. Be sure to measure volume of the following 

reagents to the nearest 0.2 mL and wear goggles and gloves. Under the fume hood 

obtain 15 mL of isopentyl alcohol (also called isoamyl alcohol or 3-methyl-1-butanol) in 

the clean, dry 250 mL round-bottomed flask from the reflux setup. Add 20 mL of glacial 

acetic acid. Then, carefully add 4 mL of concentrated sulfuric acid to the contents of 

the flask, with swirling. Add about 4-8 boiling chips to the mixture. Boiling chips or other 

materials such as glass beads are always added to prevent superheating or "bumping" 

when doing a reflux or distillation. 

Start Reflux: Get the instructor or TA to approve your apparatus before applying heat. 

Bring the mixture to a gentle boil with a heating mantel with the controller set low and 

gradually increase until boiling occurs. Heat the mixture under reflux (slow boil) for one 

hour, then remove the heating source and allow the mixture to cool to room 

temperature. Work on the introduction and experimental sections of your report during 

the reflux. 

Liquid-Liquid Extraction: Filter the cooled mixture through a plug of glass wool in the 

glass funnel into a separatory funnel and carefully add about 55 mL of cold distilled 

water. Rinse the round bottom flask with about 10 mL of cold brine solution (aqueous 

solution saturated with sodium chloride, 34g/100mL water) and pour the rinsing through 

the funnel/glass wool setup into the separatory funnel. Swirl and mix the solution in the 

separatory funnel. Stopper the separatory funnel with a lightly greased glass stopper, 

shake it several times, and vent. Allow the layers to settle. Separate the lower aqueous 

layer from the upper organic ester layer (density of organic layer is about 0.87 g/mL). 

Place each layer into separate Erlenmeyer flasks (preweigh flask and stopper for ester). 

Weigh the flask-stopper containing the organic ester layer and calculate mass of ester 

collected. Discard the aqueous layer in the other flask into the waste bottle labeled 

“Aqueous Waste”. In a wall hood place the used glass wool in waste container labeled 

“Waste Solids: Glass Wool, Boiling Chips, Gloves, Sodium Sulfate” and rinse the funnel 

and empty flask with acetone into this waste bottle also.  

 

Neutralization of the residual acid in the ester: The crude ester in the organic layer 

contains a small amount of acid and other impurities. The acid can be neutralized with 

5% aqueous sodium bicarbonate solution (a weak base).  

 



H2SO4 + 2NaHCO3  →  Na2SO4 + 2H2O(l) + 2CO2(g) 

Reaction 4.2: Neutralization of sulfuric acid with bicarbonate evolves carbon dioxide. 

CAUTION: This neutralization evolves significant CO2 (carbon dioxide) gas. Do not mix 

the product with the 5% aqueous sodium bicarbonate in the separatory funnel. The 5% 

sodium bicarbonate should be slowly mixed with the product in the Erlenmeyer flask to 

prevent pressure buildup in the separatory funnel. Carefully and slowly add 25 mL of 5% 

sodium bicarbonate solution to the organic layer contained in the flask while gently 

stirring the mixture with a glass stir rod. Pour the mixture back into the separatory funnel 

(close the stopcock first). Rinse the flask with some cold distilled water and add to the 

separatory funnel. Shake the mixture gently while holding the stopper in and then allow 

the layers to separate. Drain 1-3 mL of the aqueous layer from the funnel into a flask 

and check the pH with pH paper. Add 5 mL portions of 5% sodium bicarbonate to the 

separatory funnel until the pH is 5 or greater. Shake and vent the mixture in the funnel 

each time 5% sodium bicarbonate is added. If the pH is greater than 5 proceed on with 

the experiment. The aqueous layer (bottom layer) can be drained into a flask and 

disposed of in the waste container labeled “Aqueous Waste”. Rinse the flask with water 

and acetone to remove any traces of ester before washing at the sink. 

Drying the Ester: Drain the organic ester solution from the separatory funnel into a clean, 

dry and preweighed Erlenmeyer flask (including stopper). Reweigh the E. flask to get 

the mass of the ester after neutralization. Add 1-2 g of anhydrous sodium sulfate (a 

drying agent, check with your TA if you are unsure how much to use) to the solution in 

the flask, stopper it with a rubber stopper or cork, swirl, and let it sit for at least half an 

hour (good stopping point).  

Note: rinse all glassware that came in contact with the ester with small amounts of 

acetone in a hood to remove trace ester and other organics before washing them in 

the sink. This will help keep the lab smelling nice! 

 Swirling along with gravity filtration through sodium sulfate will be used to remove 

the water from the organic ester solution. The anhydrous sodium sulfate removes water 

by forming a hydrate. 

Na2SO4  +  10H2O  →  Na2SO4•10H2O 

Reaction 4.3: Sodium sulfate form a decahydrate when place in contact with water. 

  



Carefully pour the organic solution through a glass funnel with a plug of glass wool or 

filter paper to remove the sodium sulfate. Collect the dry organic solution in a clean, 

dry preweighed 250 mL round bottom flask (the flask to be heated during the 

distillation). Reweigh the flask to obtain the mass of the ester before distillation and note 

in your lab notebook.  

Simple Distillation 

Place about four drops of this ester in a clean dry vial for possible analysis. Then, 

add about 3-5 boiling chips to the round bottom flask. Boiling chips or some other 

material to prevent superheating (results in bumping) should always be added to the 

flask before heating it for a distillation. Some of the unreacted isoamyl alcohol in the 

organic solution may be removed during the previous extraction but since it is more 

soluble in the ester than in water, much of it will remain in the organic layer. Because 

isopentyl alcohol, acetic acid and water have boiling points lower than isopentyl 

acetate, we will separate these unwanted molecules from the isopentyl acetate by 

simple distillation. 

Assemble a simple distillation apparatus as shown in the appendix using the 

smaller condenser. Use the 25 mL round bottom flask to collect the lower boiling 

distillate (“forerun”) and the 50 mL round bottom flask for the higher boiling fraction that 

should contain the pure ester. Clean, dry, and weigh these flasks so the mass of the 

distillate in each can be determined later. Glassware can be dried using the oven 

drying but not "blown dry" by the relatively "dirty" compressed air. Dry all of the clean 

glassware thoroughly before use and lightly grease the ground glass joints. Get the 

instructor or TA to check your apparatus before beginning. (Note: The larger condenser 

may need to be used or the apparatus tilted down toward the receiver flask if distillate 

collects in the condenser, see your TA). 

            During the distillation, we will collect the unwanted distillate called the "forerun" 

from 50 °C to about 110 °C in a 25 mL round bottom flask and save it for later analysis. If 

the temperature increases quickly to 110 °C just collect the first 10 drops of distillate as 

the forerun. When the temperature begins to increase into the 110-120 °C range, 

quickly switch the 25 mL flask for the previously weighed, 50 mL round bottom flask (or if 

the temperature drops and then increases to 110°C). Use ice in a beaker to cool the 

receiving flask. The ester you collect should be quite pure, distilling from 110 -130 °C. Do 

not heat the distilling flask to dryness. Stop the distillation when there are a few drops of 

liquid left in the distilling flask.  

 Monitor time, temperature, and estimated volume collected as the distillation 

progresses in your lab notebook. From this data you can obtain the boiling point of your 

product. When the distillation is complete, dry the outside of the flask, and weigh the 



product (i.e. subtract the initial weight of the empty flask from the final weight) to 

obtain the actual yield. Calculate the percent yield of the product, isopentyl acetate, 

at each step in the purification process. Remember that the percent yield is: 

 

 Obtain an infrared spectrum (IR) of your product. If you have time get an IR of 

the product sampled before the distillation and an IR of the forerun. Isopentyl Acetate 

may be disposed of in the “Waste Acetone” waste bottle. 

  

  



PRELAB QUESTIONS: These questions are designed to help you understand and be 

prepared for this interesting laboratory experiment! Be prepared to take a quiz covering 

the reading and the prelab questions before beginning this experiment.  

1.  Risk Assessment: What are the safety hazards and precautions for this experiment? 

2.  How are glacial acetic acid and sulfuric acid in the product neutralized after reflux 

(show the two reactions)? 

3.  When doing the distillation, which chemical would be the first, second, third, and 

fourth to distill across assuming all the reactants and products are present, based 

just on boiling point? 

4.  What is the purpose of the reflux and how does it work (hint - see appendix)? 

5.  Why would you use cold instead of hot distilled water to rinse an organic liquid that is 

slightly water-soluble? 

6.  Determine the limiting reagent and theoretical yield for this experiment. What would 

the percent yield be if a student collected and purified 1.34 g of the ester? Show 

your calculations. 

7.  Read about infrared spectroscopy in the appendix and in your lecture text. Look at 

the reaction on page 4-1; what functional group is present in the reactants but not 

in the ester? At range in the IR spectrum, in wave numbers, does the peak appear 

and what will it look like? 

8.  What is the purpose of the sodium sulfate? Write the reaction to show how the 

sodium sulfate works. If sodium sulfate was not used what unwanted peak might be 

observed in the ester's IR spectrum? 

9.   What is it about the acid catalyzed esterification reaction that makes it very difficult 

to obtain a 100% yield? 

10. Why is the 5% sodium bicarbonate added slowly? 

11. What are two other names for isopentyl alcohol? 

12. What happens to the boiling point of liquids as you go from sea level to Flagstaff at 

7,000 feet? 

  



CHM235 Lab Report Guidelines 
 

Lab Reports should be limited to two pages of text maximum. In general, be brief and 

succinct. The written portions of your report (i.e. all but the GC or IR interpretation) 

should be typed in 12 point Times New Roman or a comparable font size. Unless 

otherwise instructed, a hard copy of your lab report must be submitted directly to your 

TA or to the General Stockroom with a time and date stamp by an employee by 4:00 

pm on the due date.  
 

1. Abstract (10 points) 

Paragraph which includes a summary of the objectives, experimental, results, and 

conclusions 

2.   Introduction (15 points) 

Provide the purpose and the reaction scheme. Draw chemical structures and reactions using 

Chemsketch or equivalent program (ChemDraw for instance).   

3. Experimental Procedure (15 points) 

Provide a brief description of the experimental procedure. Include only relevant information 

such as times, temperatures, weights and volumes. Also include the stoichiometry of all 

relevant reagents. Examples will be provided in the pre-lab lecture.  Additional examples 

can be found in the Experimental Section of nearly any article published in the Journal of 

Organic Chemistry.  This is an American Chemical Society journal, and can be accessed on-

line. Provide a list of the stoichiometrically-relevant reagents with the experimental mass or 

volume used along with the corresponding millimoles. 

4. Results (20 points) 

 Data reported in tabular form 

 Calculations: stoichiometry, percent composition, TLC data as appropriate 

 Mass of product at each stage of purification 

 Show your theoretical yield and percent yield calculations  

 Properly labeled IR of pure product  

 Assess product formation by IR interpretation, melting or boiling point, TLC data, GC data and 

reaction yields as appropriate  

 Briefly explain data presented. (Do not analyze it here) 

5.   Discussion (20) 

 Justify results; percent yield obtained  

 Use data (IR and boiling points) to prove product formation isopentyl acetate  

 Assess the purity of the sample based on boiling point, IR and GC data.  

 Justify/rationalize the percent yield obtained, especially if it is less than expected.   

 Discuss any mistakes or mishaps and their consequences.  

 Conclude whether or not the results are consistent with the expected product.  

 Finally, briefly state any other conclusions that may be drawn from the experiment.  

 Additional questions posed by instructor or TA 

 

6.   References (5) 
 

Journal of Environmental Radioactivity, Volume 118, April 2013, Pages 143-149 

Michael E. Ketterer, Aran D. Groves, Brian J. Strick, Craig S. Asplund, Vivienne J. Jones 

 

 



CHM 235L Report Grading Sheet - Synthesis of Isopentyl Acetate 

STUDENT'S NAME____________________________SECTION_____DATE__________ DANA ID 

POINTS 

 EARNED POSSIBLE AREAS GRADED  

  5 GENERAL  

 

  Overall organization, typed report, Spelling and grammar, Sig. figs. 

 

10 ABSTRACT 

 

  A short paragraph of objective, experimental, results and conclusion. 

  15 INTRODUCTION 

  

General background and objectives and experimental purpose 

  

Chemical reaction studied and how it is used to make the product 

  

Reaction scheme (draw chemical structures and reactions using 

Chemsketch) 

 

15 EXPERIMENTAL 

  

Brief summary of experimental procedure 

  

 

Relevant information collected on materials: reaction times, 

temperatures, weights and volumes. 

  

Briefly explain how product was identified 

 

20 RESULTS 

  

Data reported in tabular form 

  

 

Calculations: stoichiometry, percent composition, TLC data  

  

Assess product formation by IR interpretation; melting or boiling point, 

TLC data and reaction yields as appropriate 

  

Mass of product at each stage of purification 

  

Properly labeled IR of pure product  

  

Show your theoretical yield and percent yield calculations 

  

Briefly explain data presented. (Do not analyze it here) 

 

20 DISCUSSION AND CONCLUSION 

  

Justify results; percent yield obtained 

  

 

Use data (IR and boiling points) in your discussion to prove you did or 

did not make isopentyl acetate 

  

Use data (IR and boiling points) to evaluate product purity 

  

Briefly state any conclusions 

  

Quality error analysis (mistakes): Errors are not penalized must be 

recognized. Are results consistent with the expected products? 

  

Additional questions posed by instructor or TA 

 

5 REFERENCES 

  

At least 2 references in scientific format (lab manual and lecture text) 

 

80 TOTAL POINTS   



Experiment 5: Alcohol Dehydration of Menthol 

OBJECTIVE:  

 Synthesize menthene from menthol via an alcohol dehydration reaction. Product 

identity and purity are evaluated using boiling point (BP), infrared spectroscopy (IR), 

and gas chromatography (GC). 

INTRODUCTION:  

 Acid catalyzed, dehydration of a secondary or tertiary alcohol is an E1 

elimination reaction, accomplished by the addition of a strong, concentrated mineral 

acid and high temperature; the absence of the acid catalyst inhibits product 

formation. The temperature and acid concentration required for dehydration are 

dependent on the alcohol structure. The relative ease with which alcohols undergo 

dehydration is in the order: 3o > 2o > 1o. The traditional laboratory experiment has been 

the dehydration of cyclohexanol to form cyclohexene (below) which is inexpensive to 

conduct and occurs in high yield.  

 

 

 

Reaction 5.1: Alcohol dehydration of cyclohexanol. 

            In an effort to make this experiment green, menthol was chosen as an 

alternative reagent to cyclohexanol. Commercially available menthol exists as an 

inexpensive racemate and its use as a reagent in lieu of cyclohexanol reduces the 

overall NFPA health and flammability ratings of this reaction making it an acceptable 

bench top experiment, eliminating the need for a chemical fume hood. Both 

cyclohexanol and cyclohexene are flammable liquids; cyclohexene is a suspect 

carcinogen so care must be taken to contain the product’s fumes which can become 

overwhelming, an issue that is eliminated with menthol as the reagent.  

    

Figure 5.1: Diasteromers of menthol. 



            In this reaction, the hydroxyl group is protonated by the acid catalyst where 

subsequent dissociation of water gives an unstable, carbocation intermediate that 

reacts in multiple ways forming possibly four different products. 

 

Reaction 5.2: Menthol’s alcohol group attacks the protonated water subsequently dehydrating.  

 Once the carbocation is formed, water will attack a proton of a neighboring 

carbon. The electrons once bound to that proton act to form a p-bond (alkene), 

regenerating the acid catalyst. The double bond can form between either carbon 

adjacent to the carbocation, forming two distinct products: 1-isopropyl-4-methyl-

cyclohex-1-ene (1-menthene) and 1-isopropyl-4-methyl-cyclohex-2-ene (2-menthene) 

(below). Zaitzev’s rule states that elimination is favored to give the most stable, most 

highly substituted alkene. Here the carbon-carbon double bond is formed between the 

neighboring tertiary carbon that contains the isopropyl group in excess of 90% when 

contrasted with the neighboring, secondary carbon. 

 

Reaction 5.3: Water attacks a proton  to the carbcation forming a -bond. 

            Upon formation of the carbocation, rearrangement called a hydride shift can 

occur through the migration of a proton, along with its electrons, from an adjacent 

carbon to the carbocation. During the transition state, the shifting hydride is partially 

bonded to both carbon atoms by the electron pair with which it migrates and never 

fully leaves the ring. Hybridization acts to the further stabilize the carbocation. 



  

Reaction 5.4: Hydride shift to the more stable, neighboring, tertiary carbon occurs. 

            The hydride shift repositions the carbocation to carbon 2, allowing the formation 

of a third product. Just as had occurred previously, the formation of two unique 

products is possible. Through this second mechanism, a carbon-carbon double bond 

can form 1-menthene (a) again however, as seen before, preference for the more 

stable, tertiary carbocation, predominates the formation of 1-methyl-4-isopropyl-

cyclohex-1-ene (4-menthene) (c). As a result, the alcohol dehydration of menthol 

produces three similar, yet differing products in varying quantities. A hydride shift with 

carbon 6 is possible, and if occurs, proves a second mechanism to produce 2-

menthene and also produces a forth isomer, 3-menthene (not shown). 

 

Reaction 5.5: The tertiary carbocation forms a -bond between either adjacent carbon. 

            Since menthene and menthol exist in equilibrium, 100% conversion to menthene 

is difficult. Here we employ Le Chatelier's principle which states that the equilibrium 

between reactants and products shifts to favor product formation if heat or pressure is 

added or a product is removed.  

            After menthol is heated with an acid catalyst, menthene is formed and isolated 

from the reaction flask by simple distillation. After distillation, the product will have trace 

menthol contamination. Product workup is done by neutralizing excess acid with 

sodium bicarbonate and washing with water. The isolated product is then dried over 

sodium sulfate and in week 2, simple distillation further purifies the product from any 

remaining menthol. After the second distillation product purity is determined by gas 

chromatography and composition is determined by infrared spectroscopy. 



EXPERIMENTAL PROCEDURE: 

Prelab Preparation: 

 Preparation of alkene via alcohol dehydration (lecture text). 

 Simple distillation (appendix). 

 Gas chromatography and infrared spectroscopy (appendix).  

 

CAUTION: Phosphoric acid (2023) is corrosive to tissue. Wash immediately upon contact. 

Menthol and menthenes are flammable so take appropriate measures to contain any 

fumes. Make sure all joints on the distillation apparatus are sealed or product will be lost 

and experimenters exposed. Rinse all glassware contained menthene and menthol with 

acetone in the waste fume hoods before washing in sink with soap and water.  

 

Week 1: Reaction and Isolation 

Glassware and Materials:  

Simple Distillation: 250 mL and 50 mL round bottom flasks, 3-way connecting tube, West 

condenser, water connecting tube, straight tube adaptor, thermometer, thermometer 

holder, two or three ring stands, 250 mL heating mantel, 2-3 clamps and clamp holders, 

ring support, boiling chips or magnetic stir bar, ice water bath, recirculating water 

pump. 

Other Equipment: Separatory funnel with glass stopper, pH paper and waste beaker. 

 

Week 1 Procedure:  

Simple Distillation:  Set up the simple distillation as shown in figure 3 on page A-1 of the 

appendix. Lightly grease and seal the glassware joints. Use a recirculating pump and 

small bucket containing ice water. 

Chemical Boiling Point (oC) Flash Point (oC) Health Flammability Reactivity 

Cyclohexanol 161 68 2 2 0 

Cyclohexene 83 -12 2 3 0 

Menthol 212 93 2 1 0 

3-Menthene 176 35  0 2 0 

2-Menthene 165 48 0 2 0 

1-Menthene 174 43 0 2 0 

85% H3PO4 158 - 3 0 0 



Mix reactants: Add 25 mL (record to the nearest 0.01 mL) of menthol, 5 mL of 85% 

phosphoric acid, and about 4-8 boiling chips to a clean, dry 250 mL round bottom flask. 

Reconnect the 250 mL round bottom flask to the vertical column, start circulating water 

through the condensing column and get the TA or instructor to approve your setup 

before beginning to heat. 

Begin Simple Distillation: Initially set the heating control low and slowly increase the 

temperature as needed to just achieve a gentle boil; the vapors ascend slowly up the 

the 3-way connector and down the condenser, beginning to condense in the 

collection flask at a rate of about 1 to 2 drops per second. Adjust the controller if the 

rate of distillation is too fast or too slow. Observe and record the temperature of the first 

drop of distillate, the temperature range over which the bulk of the distillate is 

collected, and the temperature at which the heat source is removed. Remove the 

heat source when you observe white vapors and foam in the distilling flask - this may 

occur when most of the starting volume has reacted and distilled or if the reaction flask 

is heated too quickly. The white vapor may be phosphoric acid, damage the reaction 

flask and are difficult to remove. Remove the collection flask and keep a stopper on 

the flask containing the menthene at all times to avoid evaporation. 

Workup: Neutralize the distillate which contains some phosphoric acid, which 

unavoidably distills with the products, by transferring the distillate to a clean separatory 

funnel and add 25 mL of 5% NaHCO3 solution. Cap and swirl the solution slowly at first 

and then shake vigorously, pointed away, to neutralize the phosphoric acid. Allow the 

layers to separate, drain the lower, aqueous layer into beaker designated as aqueous 

waste; test the pH of the aqueous layer as it drains from the uncapped seperatory 

funnel. Repeat the neutralization if the pH is below 5, or continue to the next step if the 

pH is 5 or greater. Rinse twice with 25 mL portions of water, draining the water into the 

aqueous waste flask. Transfer the waste container into the labeled “Aqueous Waste” in 

the fume hood while saving the top layer. 

CAUTION: The addition of 5% sodium bicarbonate to the organic distillate may evolve a 

large amount of carbon dioxide gas; add it slowly and swirl the solution as bicarbonate 

is added. 

Drain the top organic layer, into a clean and dry 50 mL E. flask (weigh with 

stopper). Expect a trace amount water to transfer with the sample. Add a small amount 

of anhydrous sodium sulfate stopper and swirl and keep until the next lab period. This 

will remove water from the product. If time does not allow for instrumental analysis, 

label the flask with your name and section letter and give to your TA to store under 

refrigeration.  

Week 2: Purification and Analysis 

 

 



Glassware and Materials:  

Simple Distillation: 250 mL and 50 mL (preweighed with stopper for product) round 

bottom flasks, 3-way connecting tube, West condenser, water connecting tube, 

straight tube adaptor, thermometer, thermometer holder, two or three ring stands, 

heating mantel, 2-3 clamps and clamp holders, ring support, boiling chips or magnetic 

stir bar, ice water bath, recirculating water pump. 

Other Equipment: Gas Chromatograph (GC) and infrared spectrometer (IR). 

Procedure: Week 2 

Begin Simple Distillation: Initially set the heating control at 6 and increase as needed to 

gently boil the reaction mixture so that the vapors ascend slowly up the 3-way 

connector and begin to condense in the collection flask at a rate of about 1 to 2 drops 

per second. Adjust the controller if the rate of distillation is too fast or too slow. Observe 

and record the temperature of the first drop of distillate, the temperature range over 

which the bulk of the distillate is collected, and the temperature at which the heat 

source is removed. Do not distill to dryness. Remove the collection flask and keep a 

stopper on the flask containing the menthene at all times to avoid loss due to 

evaporation. Add a small amount of sodium sulfate to remove trace water. 

Instrumental Analysis: Obtain an infrared spectrum (IR) for the distilled and dried 

product. Load the salt plates with a Pasteur pipet and run the IR and print your 

spectrum. The IR of your purified product must be run and shown to your TA before 

running a gas chromatogram (GC). Finally have the TA run your purified product on a 

GC. Your TA will measure the volume of your cyclohexene and return your flask to you. 

Grade Requirements: You will be graded on product purity and yield. Thoroughly 

evaluate your IR spectra and gas chromatograph, as well as all of your boiling points in 

your lab notebook. Determine the theoretical and percent yield of menthene as well as 

percent purity from your GC and clearly explain your findings and any possible error in 

the lab notebook. 

  

  

 

 

 

 



EXPERIMENT 6: DETERMINING THE REACTION MECHANISM OF A 

CHEMICAL REACTION USING KINETICS 

BACKGROUND 

Chemical reaction rates are dependent on the temperature at which the reaction is 

conducted, the concentration(s) of the molecules or ions that must collide during the 

slowest step (rate-determining step) in a series of reactions that make up the reaction 

mechanism as well as the solvent, or medium in which the reaction is conducted. 

In this experimental series, these principles are used to find out how the slowest step 

of a chemical reaction occurs. The reaction at hand is a nucleophilic substitution 

reaction. Nucleo means nucleus and philic meaning loving. Since the nucleus is 

positively charged (calculate the  of the C-Br bond), then a chemical species that 

loves nuclei would love positive charges. Substitution just means that an exchange of 

substituents occurs. Therefore a nucleophilic substitution reaction is one in which one 

molecule or ion that loves positively charged nuclei is exchanged or substituted for 

another molecule or ion that loves nuclei. Nucleophilic molecules have an unshared 

pair of electrons that can be stuck to the positive nucleus and nucleophilic ions are 

usually negatively charged anions. The overall stoichiometry of the specific reaction 

you will study is: 

 

Reaction 6.1: Hydroxide ion substitutes bromine forming tert-butyl alcohol.  

 The nucleophilic ions are both anions (OH¯ and Br¯), and one of them (OH¯) is 

substituted for the other (Br¯). The carbon kernel to which the three methyl (CH3) groups 

and the bromide are attached to in tertiary butyl bromide is the positive particle that 

the nucleophilic (OH¯) wants to become attached to. 

This reaction proceeds forward in one of two ways: (1) by having (CH3)3CBr ionize 

into (CH3)3C+ and Br¯ first as the rate determining step, followed by the OH¯ then 

covalently bonding to (CH3)3C+ which occurs relatively quickly. 



 

Reaction 6.2: t-butyl  bromide ionizes in solution forming a carbocation and bromide.  

 

Reaction 6.3: The carbocation is susceptible to attack by hydroxide forming t-butanol.  

 The second way this reaction can precede forward is by having OH¯ collide with 

tertiary butyl bromide on the side opposite the bromide group, with hydroxide bonding 

to the central carbon on one side with bromide simultaneously leaving on the other 

side of the molecule. 

 

Reaction 6.4: In the SN2 mechanism, hydroxide attacks the backside of the central carbon, 

 undergoing inversion to form t-butanol. 

 The first of these two mechanisms, the one in which the tertiary butyl bromide 

ionizes first and then reacts with the hydroxide, is called an SN1 reaction: S = Substitution, 

N = Nucleophilic, and 1 = first order. The order tells the number of reactant molecules or 

ions involved in the slow step. Since the slow step here is the ionization of tertiary butyl 

bromide, only the tertiary butyl bromide is a reactant; therefore only one molecule is 

involved in the slow step and the reaction is first order. The second mechanism, the one 

in which the negatively charged OH¯ is attracted to the partial positive charge on the 

carbon which releases the good leaving group, Br¯ ion, is an SN2 mechanism. A second 

order nucleophilic substitution is when two reactant molecules are involved in the slow 

step as reactants. 



 If the reaction occurs by way of an SN1 mechanism, then changing the tertiary 

butyl bromide concentration will change the rate of the reaction, because tertiary 

butyl bromide is involved as a reactant in the slow step. However, changing the 

hydroxide concentration will NOT change the rate of the reaction because hydroxide is 

NOT involved as a reactant in the slow step. If, however, the reaction occurs by way of 

an SN2 mechanism, then changing the concentration of tertiary butyl bromide will 

change the rate of reaction and so will changing the concentration of hydroxide, since 

both of them are involved as reactants in the slow step. 

Experimentally, you can tell the difference between the two mechanisms by first 

changing the tertiary butyl bromide concentration while keeping the hydroxide 

concentration the same and determining whether the rate varies. Secondly, the 

hydroxide concentration can then be changed while keeping the tertiary butyl 

bromide concentration the same to see if the rate varies. If the rate changes when 

tertiary butyl bromide concentration is changed, either mechanism is possible since 

tertiary butyl bromide is involved in "the slow step" of both mechanisms. But if the rate 

also changes as the hydroxide concentration is changed, then only the SN2 mechanism 

is possible. Conversely, if the rate does NOT change with different hydroxide 

concentrations, then only the SN1 mechanism is possible since the hydroxide could not 

be involved in "the slow step" of the reaction mechanism. 

 A second set of experiments is used to measure the rate of reaction when 

keeping both tertiary butyl bromide and hydroxide concentration the same, but 

changing the nature of the solvent. The intermediate state for the SN1 mechanism, 

where the formed carbocation has not yet reacted with hydroxide has two charged 

particles whereas the the transition state (shown bracketed above) for the SN2 

mechanism only has one charged particle. Therefore, a polar protic solvent like water 

should be much more efficient for conducting this reaction if it goes by an SN1 

mechanism than a relatively non-polar solvent like acetone. That is, if the reaction goes 

by an SN1 mechanism, then the reaction should be much faster in water than in 

acetone because it is easier to make charged particles in a polar protic solvent like 

water than it is in a non-polar solvent like acetone. On the other hand, if the reaction 

goes by using a SN2 mechanism, then changing solvents should not make much 

difference in the reaction rate. This is because there is one charged particle at the start 

(OH¯), one charged particle in the transition state (the species drawn above in which 

the bromide and hydroxide are both half-attached to the carbon) and one charged 

particle in the end (Br¯).  

 In summary, in an SN1 mechanism there are more charged particles in the 

intermediate state than in either the beginning or the ending states and a polar protic 

solvent will help the reaction proceed forward quicker than in a nonpolar solvent. In an 

SN2 mechanism, the number of charged particles stays the same throughout the entire 



reaction and a polar solvent will not promote the reaction progression. A polar protic 

solvent can, in fact, inhibit the reaction through competitive inhibition. This is why the 

rate of an SN1 reaction varies with the changing polarity of the solvent while the rate of 

an SN2 reaction does not. 

Obviously, the results of these two experiments (varying the concentrations of the 

reactants and varying the polarity of the solvent) should agree with each other; that is, 

each should confirm the results of the other. 

EXPERIMENTAL 

PART ONE: EXPERIMENTALLY DETERMINING THE EFFECT OF REACTANT CONCENTRATION 

ON THE REACTION RATE. 

Background: 

In each run below, you will use a large excess of tertiary butyl bromide 

compared with hydroxide. What you will actually be measuring is the time required for 

all the hydroxide to be consumed in the reaction. To see exactly when all the hydroxide 

has been used up, you'll use the acid-base indicator bromophenol blue, which is blue 

as long as hydroxide is present but turns yellow as soon as the hydroxide is used up 

causing a rapid decrease in the pH. The reaction rate will be defined as the change in 

tertiary butyl bromide concentration during each second of reaction. Since the 

reaction stoichiometry is 1 to 1, and since you are starting with a large excess of tertiary 

butyl bromide, its concentration change will be the same as the starting concentration 

of hydroxide. 

Materials: 

100 mL beakers, 25 mL graduated cylinder, timer, magnetic stirrer, magnetic stir bar. 

Chemicals: 

45 mL acetone (1421), 170 mL 0.030 M tertiary butyl bromide (3421), distilled water, 

190mL 0.0100 M NaOH (2013), 0.1% aqueous bromophenol blue indicator (1102). 

These chemicals will be used for Parts l and II. 

Hazards: 

Acetone and t-butyl bromide are flammable - keep away from open flame and use 

small amounts, 0.0100 M NaOH is mildly corrosive - keep out of eyes. t-butyl bromide 

is a carcinogen. Wash hands in of case chemical contact and after experiment. 



Hazardous Waste: 

 Dispose of used reaction mixtures by placing in waste bottle labeled “Experiment 

6 Waste (48% Acetone, 0.1% t-butyl bromide, 52% water)''. Extra 0.0100 M NaOH can be 

flushed down the drain. Extra acetone can be placed in "Acetone Waste'' in the hood. 

Procedure – Part I 

1.  Work in pairs on this experiment and share equipment and glassware. If there is 

an odd number of students, one student can work alone or join a group of two. 

The calculations and report are done individually. 

2.  You will prepare the solutions listed in Table I. In trials 1-3, the concentration of 

NaOH is constant while the concentration of t-butyl bromide is different. For trials 

1, 4, and 5, the concentration of t-butyl bromide is constant while the 

concentration of NaOH changes. For each trial use a graduated cylinder to 

transfer solutions to beaker A and B except 0.1% bromophenol blue which is 

dispensed with an eyedropper (solution A should be blue). 

Table 6.1:  Effect of Concentration on reaction rate.  

Beaker A Beaker B 

Trial 

# 

0.0100M 

NaOH (mL) 

D.I. Water 

(mL) 

0.1% Bromophenol 

blue 

0.0300M t-butyl 

Br in Acetone 

(mL) 

Acetone 

(mL) 

1 25.0 0 6 drops 25.0 0 

2 25.0 0 6 drops 20.0 5.0 

3 25.0 0 6 drops 15.0 10.0 

4 20.0 5.0 6 drops 25.0 0 

5 15.0 10.0 6 drops 25.0 0 
 

 3.  Add a stir bar to Solution A and mix at a slow speed on a magnetic stirrer (If the 

solution is stirred too fast it may not change color). Quickly add all of Solution B to 

Solution A while simultaneously starting the timer. Stop the timer when solution 

changes from blue to yellow. Record and report the extent of color change. Try 

to be consistent with the timer and stop it at the same color change intensity 

with each run. Place the reaction mixtures in the waste bottle labeled “Exp. 6 

waste” but not the stir bar! Repeat this process for each trial. Record the time 

taken for the color change in a table form: 

 



Calculations: 

For this experiment the calculation of rate is based on the molarity of the NaOH 

in the final solution (resulting from the combination of the solutions in beakers A and B).  

Trial # [t-butyl Br]f [OH-]f T(s) Rate (mol/L•s) 

 

This is true, because the color change is observed after all the OH- is used up in 

the reaction and because OH- is the limiting reagent. The [OH-] used in the calculation 

is not 0.0100 M, but needs to be calculated based on the final reaction volume 

(combined volume of beakers A and B). The initial volume of 0.0100 M NaOH is diluted 

to 50 mL since all the solutions have a total volume of 50.0 mL, if properly prepared. 

Calculate the concentrations of NaOH and t-butyl bromide in the mixed solutions 

knowing that the concentrations of the reagents were 0.0100 M and 0.030 M 

respectively (Hint: V1M1=V2M2 where V2=50 mL and V1 is the volume of NaOH or t-butyl 

bromide used). Put the concentrations for the mixed solution in the table mentioned 

above for every trial. Please note that the calculations are to be done by each student 

and not as partners. 

 

Equation 1: Formula for determining the reaction rate. 

 To calculate reaction rates for each trial, divide the change in concentration of 

tertiary butyl bromide (equals the [OH¯] as can be seen in the equation above) by the 

reaction time (in seconds). The change in concentration of the tertiary butyl bromide 

will have the same numerical value as the initial concentration of hydroxide because 

you have a large excess of tertiary butyl bromide and will be using up all the hydroxide. 

PART TWO:  EXPERIMENTALLY DETERMINING THE EFFECT OF SOLVENT POLARITY ON THE 

REACTION RATE 

 

 

 



Background: 

In each of the four runs below, you will be changing the percent or fraction of 

acetone in the reaction mixture. Since water is much more polar than acetone, the 

assumption is that a mixture of water and acetone will have characteristics somewhere 

in between the two solvents. A mixture containing more acetone than water is assumed 

to be less polar than a mixture containing more water than acetone. Other reaction 

conditions are the same as described in the background for experiment one. 

Procedure: The procedure is the same as that used in Part I except the solution 

compositions used are listed in Table II and not Table I. 

  

Table 6.2:  Effect of Solvent Polarity 

Beaker A Beaker B 

Trial 

# 

0.0100 M NaOH 

(mL) 

D.I. Water 

(mL) 

0.1% 

Bromophenol 

blue 

0.0300 M t-butyl 

Br in Acetone 

(mL) 

Acetone 

(mL) 

6 20 0 6 drops 15 15 

7 20 5 6 drops 15 10 

8 20 10 6 drops 15 5 

9 20 15 6 drops 15 0 

 

The final volume for every reaction is 50.0 mL. Record the time for each reaction in your 

lab notebook using the below table format. The total volume of acetone in the solution 

is the volume of acetone used plus the volume of t-butyl bromide solution since 

acetone makes up more than 99% of the t-butyl bromide solution. Assume 0.030 M t-

Butyl bromide solution is 100% acetone when calculating percent acetone in the 

reaction mixture. 

Trial # % Acetone T(s) Rate (mol/L•s) 

 

 Calculations: Since the starting concentrations of both tertiary butyl bromide and 

hydroxide are the same for every reaction in this experiment, you will need to calculate 

their concentrations only once. Tertiary butyl bromide is present in great excess 

compared with hydroxide so the change in tertiary butyl bromide concentration is the 



same as the starting concentration of hydroxide. For this experiment, therefore, the 

change in tertiary butyl bromide concentration is equal to the initial concentration of 

hydroxide in the reaction mixture. Don't forget that the NaOH is diluted from 20 mL to a 

final total volume of 50 mL. 

To calculate the percent acetone in each reaction mixture, just divide the 

amount of acetone in the mixture (total volume in Beaker B) by the total volume and 

multiply this fraction by 100%. 

To calculate the reaction rate for each of the four mixtures, divide the change in 

concentration of tertiary butyl bromide (hydroxide molarity in 50.0 mL volume) by the 

time in seconds required for the reaction from initial mixing until the color change. 

 

 Report Requirements: 

The goal of the report for this experiment is to give you more background in 

writing using a scientific format. The section on reports in the introduction and the report 

grading sheet at the end of this experiment will give more specific guidelines for report 

writing. Be sure to refer to your lecture textbook also. This report should be brief (not 

more than two pages of typed text). Use data to support all of your conclusions. Clearly 

explain your findings in a formal laboratory report including an abstract, introduction, 

experimental methods, results, discussion of results and error analysis, and references. 

All lab reports must be typed and prepared individually. The time in seconds is 

the only information that is shared. All calculations and writing must be done 

individually. Writing joint reports or copying from old reports constitutes plagiarism. 

 

 

 

 

 

 

 



Part I questions to be answered as you write the discussion in your report: 

1. Based on your data and calculations, does changing the concentration of tertiary 

butyl bromide initially present in the reaction mixture cause the RATE of reaction to 

change? (Remember that the rate is something you have to calculate. It is not the 

same thing as the time required for the reaction.) 

 

2. Again, based on your data and calculations, does changing the initial concentration 

of hydroxide cause the rate of reaction to change? 

 

3. Is the rate law for the reaction studied in part 1 of this experiment R = k[(CH3)3CBr] or 

R= k[(CH3)3CBr][OH¯]? Be sure to explain how your data support your answer. 

 

4. Is the reaction SN1 or SN2? Be sure to explain your reasoning and state the type of 

mechanism you think this reaction follows. 

  

Part II questions to be answered as you write the discussion of your report: 

  

1.   Based on your data and calculations, does solvent polarity affect the rate of the 

reaction? Be sure to give your reasoning. 

  

2.   Given your answer to question 1, above, does this experiment indicate that the 

reaction is SN1 or SN2? Give your reasoning. 

  

3.  Do the results of part two agree with the results of part 1? 

  

  



Experiment 6 Study Guide - Pre-lab Questions 

1.   Draw the specific chemical reaction studied in this experiment and the two 

mechanisms by which it takes place. Explain the differences between the two 

mechanisms. 

2.   What is the limiting reagent in this experiment? 

  

3.   What equation is used to determine the rate of the reaction? Explain. 

  

4.   What is the rate for trial 1 (see page 6-4) if the reaction mixture took 25 seconds to 

turn from blue to yellow after mixing the solutions in beakers A and B? 

  

5.   Why do we vary the percentages of acetone in Part 2? 

  

6.   Why is the polarity of the intermediates a factor and how do we use polarity to 

determine the mechanism of the reaction? 

  

7    When will the indicator bromophenol blue turn from blue to yellow in the timed 

reaction? Why is this important? 

8.  Given these three rates, which is the fastest? 

R = 1.5x10-3 (mol)/(L x sec) 

R = 6.3x10-3 (mol)/(L x sec) 

R = 1.0x10-2 (mol)/(L x sec) 

  

9.   What experimental parameter is varied in part I? Why is it changed? 

  

10. Risk Assessment: What are the safety hazards and precautions for this experiment? 



CHM 235L Report Grading Sheet – Reaction Mechanism 

STUDENT'S NAME____________________________SECTION_____DATE__________ DANA ID_________ 

POINTS 

 EARNED POSSIBLE AREAS GRADED  

  5 GENERAL  

 

  
Overall organization, typed report, Spelling and grammar, Sig. 

figs. 

  10 ABSTRACT  

 

  
A short paragraph of objective, experimental, results and 

conclusion. 

  15 INTRODUCTION 

 

  General background and objectives 

 

  Specific chemical reaction studied 

 

  
Brief discussion of SN1 and SN2 mechanisms and their 

reactand solvent dependence 

  10 EXPERIMENTAL 

 

  Brief summary of experimental procedure 

 

  
Brief explanation how the procedure will determine an SN1 or 

SN2 mechanism 

  15 RESULTS  

 

  Table listing molarity of reactants, time and rate from part 1 

 
  Table listing time, % acetone and rater from part 2 

 
  Other calculated values 

 

  Understandable format 

  20 DISCUSSION 

 
  Interpretation of reaction mechanism (part 1) 

 
  Interpretation of reaction mechanism (part 2) 

 
  Mechanism and rate law for reaction given 

 
  Data used in duscussion to support conclusion 

 

  
Quality error analysis (mistakes): Errors are not penalized must 

be recognized. Are results consistent with the expected 

products? 

  5 REFERENCES 

 

  
At least 2 references in scientific format (lab manual and 

lecture text) 

  80 TOTAL POINTS 

 

 



Experiment 7: Thin Layer Chromatography of Analgesics and 

Amino Acids 

 

INTRODUCTION 
            Analgesics such as acetylsalicylic acid (AA), acetaminophen (Ac), ibuprofen (I), 

naproxen (N), and phenacetin (P) are used for relief of pain due to headache, arthritis, 

etc. Caffeine (C) is often added to various pharmaceuticals (analgesics, migraine 

medication, etc.) to help enhance the performance of the various drugs, due to its 

fatigue-reducing properties. Small doses of caffeine (50-200 mg) can increase alertness 

and reduce drowsiness and fatigue.[1]  Caffeine is the most widely used stimulant. 

 

 

 Figure 7.1: Analgesic structures. 

 Many commercial analgesics will have mixtures of the analgesics listed above 

along with caffeine: Aspirin (AA), Tylenol (Ac), Advil and Motrin (I), Anacin (AA,C), and 

Excedrin (AA, Ac, C). Thin-layer chromatography will be used to test for the presence of 

analgesics in a commercial product of unknown origin.  

            Amino acids are the building blocks of proteins. Proteins are essential to life as 

we know it. A protein consists of long chains of many amino acids. All amino acids have 

the same basic structure. 

http://jan.ucc.nau.edu/~jkn/235L7-TLC%20Analgesics.htm#_edn1


 

Figure 7.2: General amino acid structure. 

 An amino acid acts as a Zwitterion, containing an amino group that can be 

protonated and the carboxylic acid group can be deprotonated depending on the 

solution pH. There are over twenty different, biologically necessary, amino acids differing 

from one another by the atoms represented in their R-group.  In this experiment six 

different ones will be encountered: alanine (R=methyl), valine (R=isopropyl), leucine 

(R=isobutyl), phenylalanine (R=methylphenyl), aspartic acid (R=-CH2COOH), and histidine 

(R=methylglyoxaline). 

 

 Figure 7.3: Amino acid structures studied here. 

 

  



 Individual amino acids are combined biologically by splitting out the water 

between the carboxylic acid group of the back amino acid and the amino group of the 

front amino acid.  

 

Reaction 7.1: Formation of dipeptide between amino acids.  

 The new bond formed between the carbonyl carbon atom and amino nitrogen 

atom is called a peptide bond and amino acids bonded together in this manner are 

called peptides.  Two amino acids bonded together are referred to as a dipeptide, three 

a tripeptide, etc.  A polypeptide of “significant” molecular weight is called a protein. The 

properties possessed by a protein depend upon its size (i.e., the number of amino acids 

present), which amino acids are present (i.e., which R groups are present), and the 

sequence in which they appear within the chain. Thus, the analysis of any sample of 

protein forces the biochemist to be concerned with all three of these modes of its diversity.  

            An unknown containing an amino acid or mixture of amino acids will be tested to 

determine if alanine, leucine, valine, aspartic acid, phenylalanine and/or histidine are 

present. Thin-layer chromatograph will be used to determine which of the amino acids are 

present in the unknown for this experiment.These amino acids are separated based on 

differences in their “R” groups.  

            Aspartame, an artificial sweetener found in many diet drinks, is the methyl ester of 

the dipeptide aspartylphenylalanine (aspartic acid and phenylalanine). When hydrolyzed 

with HCl (which is found in the human stomach) aspartylphenylalanine breaks apart into 

aspartic acid, phenylalanine, and methyl alcohol. Since methyl alcohol is toxic, 

opponents to approval by the Food and Drug Administration (FDA) claimed that 

aspartame used as a sweetener in food products would hydrolyze during storage creating 

a possible health hazard. The FDA ruled that aspartame was stable enough and 

approved its use in food products.  

  

 

 



 Thin-Layer Chromatography (TLC) 

            Thin-layer chromatography is a sensitive, fast, simple and inexpensive analytical 

technique.  It is usually a qualitative measure of the makeup of a mixture, although in 

some instances it can be used quantitatively, or on a preparatory scale. Common uses 

of TLC include: Determination of the number of components in a mixture, determination 

of the identity of compounds in a mixture, monitoring the progress of a reaction, and 

effectiveness of purification. In this experiment we will use TLC to identify the 

components in a commercial analgesic and the amino acids in an unknown. The 

separation of compounds in TLC is based on relative solubility in a stationary and mobile 

phase, the same as other forms chromatography such as gas, liquid, or column 

chromatography. Three steps are involved in TLC: spotting, developing, and visualizing. 

 

  

Figure 7.4: Thin Layer Chromatography plate. In lanes 1 and 2, there is a pure component 

suspected to be in the mixture (lane 3). After developing, it is found both compounds from lanes 

1 and 2 are in the mixture. This was accomplished by comparing the Rf values. 

 The TLC process involves spotting the sample to be analyzed along with possible 

known constituents on a sheet of glass, plastic or aluminum coated with a thin layer of 

an absorbent material.  The most common absorbent material, and the one that we will 

use, is silica gel (SiO2 • xH2O) is good for more polar compounds. Alumina (Al3O3) is 

another stationary phase better for less polar compounds. 

            The spotted plate is then developed by placing it on end in a solvent.  The 

solvent is wicked up the plate by capillary action and in doing so carries the 

constituents of the mixture along with it. However, not every constituent travels the 



same amount.  The distance that a compound travels is greatly determined by the 

polarity of the eluting solvent (mobile phase), absorbent material (stationary phase), 

and the constituent.  Materials that more closely match the polarity of the eluting 

solvent will travel further than those that more closely resemble the polarity of the 

absorbent material. We will test various combinations of ethyl acetate and hexane 

(and perhaps other solvents) to determine the best one for separation of analgesics. A 

different solvent will be used as the mobile phase to develop or separate the amino 

acids.  

            The spots will be visualized using an ultraviolet (UV) light for the analgesics while 

the amino acids will be reacted with ninhydrin. This is done by spraying the plate with a 

ninhydrin solution which reacts with amino acids to form a colored complex. Iodine can 

also be used to visualize spots in some cases and although the intense purple vapor is 

attractive, it is extremely destructive to the tissue of mucous membranes and the upper 

respiratory tract. 

OH
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Reaction 7.1: Formation of ninhydrin. 

Spots containing amino acid do not become visible until heating; that is, a colored 

complex of the ninhydrin and amino acid is produced upon development by heat. The 

particular shade of purple formed by ninhydrin can sometimes be used to distinguish 

amino acids that elute with similar Rf values. 

 

Reaction 7.2: Ninhydrin reacts with amino acids to form a purple colored molecule. 

To correctly identify components of a mixture when compared with possible 

known components, a ratio between the distance traveled by solvent and component 

must be made. This ratio is called the retardation or retention factor (Rf). This value will 

be the same for all components with the same identity under the same 



conditions.  Because this value is system specific it will most likely change if a different 

eluent or if a different stationary phase is used. To calculate the Rf value, first measure 

the distance that the middle of the spot traveled and divide this value by the distance 

that the solvent front traveled directly above that particular spot.   

The polarity of the solvent system used as a mobile phase polarity is very 

important to obtaining accurate results in this experiment. To obtain the best 

separation, that is, the greatest differences in Rf values between different compounds, 

the mobile phase could be pure or a mixture of miscible solvents. The following list 

shows common solvents and their relative polarity. 

 Table 7.1: Solvents and  

Name Structure  

cyclohexane 

 

Least Polar 

hexane 
 

  

toluene 

 

  

dichloromethane CH2Cl2   

ethyl acetate 

 

  

1-butanol 
 

  

ethanol 
 

  

methanol CH3OH   

water 
 

Most Polar 

  

 

 

 

 

  



EXPERIMENTAL PROCEDURE 
Part I – Analysis of Commercial Analgesics[2] 

  

Needed Materials, and Chemicals: 

  UV light (eye hazard, do not view directly) 

 Pipettor 0.1 mL 

 Beaker (400 mL) 

 Evaporating dish or Wide parafilm 

 5x10 cm TLC strips (silica gel on plastic, florescent) 

 10 mL hexane (2302) 

 10 mL ethyl acetate (2402) 

 5-10 mL of 1:1 ethanol:TBME solution (2312) 

 TLC solvent for part II - 4 parts 1-butanol, 1 part glacial acetic acid, and 1 part 

distilled water (3224) 

 1% ninhydrin solution in acetone (2423) 

 Analgesic in ethanol (3313) and amino acid in water (2011) known solutions 

 Commercial analgesic (3112) 

  

CAUTION! Ethyl acetate, ethanol, acetone, t-butyl methyl ether, and hexane are 

flammable and toxic.  Keep away from sources of ignition such as flames. Acetic acid 

and the ninhydrin in acetone solution are corrosive and volatile so avoid contact. Do all 

work with these chemicals in a fume hood. Use protective equipment such as gloves 

when handling and wear goggles at all times. The UV light is an eye hazard so do not 

view directly. 

 

Part I – Analysis of Unknown Amino Acid Solution (Individual Work Only): 

1.    Each group should obtain a 5x10 cm strip of silica TLC plates. Hold the plate by the 

edges and avoid touching the silica side of the plates. The silica is powder coated 

onto a thin glossy sheet of plastic; the silica side is flat and not glossy. With a pencil, 

lightly draw a straight line parallel to the bottom of the plate about 1 cm from the 

bottom on each plate (Figure 7.1) 

 

 

http://jan.ucc.nau.edu/~jkn/235L7-TLC%20Analgesics.htm#_edn2


2.    With a pencil, lightly place six equally spaced marks along the line on one plate 

which are where the six amino acids and unknown sample are spotted. Spot a fresh 

plate in the following order:  Unknown Histidine  Valine  Alanine  Unknown  Leucine. 

After spotting the plate as shown in figure 1, dry the spots. There may be may be 

spotting stations at the end of each bench). Obtain a small diameter capillary tubes 

for each solution (type with both ends open, not ones used for melting point).  

4.    Each group should spot the plates as noted in #2 above. The spots should be kept 

as small as possible (1mm and no bigger than 2mm if possible). You might practice 

making small spots on a piece of paper first. To load solution into a capillary tube just 

touch the end of the tube to the solution. It will partially fill by capillary action.  A 

sample that is not concentrated enough will not be visible; it should be identified 

prior to developing.  

Development of Chromatography Plate: 

5.    The solvent for separating amino acids is 4 parts 1-butanol, 1 part glacial acetic acid,    

and 1 part distilled water. Place about 10 mL in a clean 400 mL beaker so it is about three 

millimeters deep. Place a folded piece of filter paper against the wall of the beaker and 

soak with the eluent. This helps to saturate the air inside of the developing chamber with 

solvent. 

CAUTION: This TLC solvent is flammable and corrosive, avoid skin contact, use only in 

a fume hood, and keep away from open flames. 

6.     Place the silica gel plate spotted end down into the solvent in the beaker. Do not rock 

or move the beaker at this point! Make sure the solvent level in the beaker is well 

below the spots on the plate. Cover the beaker with a square piece of parafilm or a 

watchglass and allow the solvent to climb up the plate for about 30 minutes. The 

solvent front should travel at least 4 cm. Note the length of time the plate(s) are in the 

beaker. The separation between spots (amino acids) will improve as the solvent front 

climbs farther up the plate, as long as it doesn’t go to the top of the plate.   

4.    Remove the plate when the solvent has moved far enough and mark the solvent front 

with a pencil line.  

5.    Allow the plate to dry in a vented location (fume hood). If needed, place the plate in 

the oven to dry any remaining solvent (check the sheet every 30 seconds to make sure 

they don't turn brown).   

6.    Place the used TLC solvent in the container labeled “Acetone Waste” located in the 

hood. 



Visualizing:      

7.    Spray the silica gel on the plate with 1% ninhydrin spray, dry in the hood for a minute (to 

remove excess solvent), and heat in the oven for 1-3 minutes (do not let plate turn 

brown in oven, overheat).  Remove and immediately circle the colored spots with a 

pencil. Note both the location and color of the spots.  

CAUTION: 1% Ninhydrin in ethanol spray is flammable and corrosive and will 

temporarily stain your hands.  It should only be used in a fume hood while wearing 

gloves. 

8.    Using a ruler, measure the distance of the solvent front and each amino acid. 

Calculate the Rf for each spot and identify the amino acids in your unknown. 

 

Part II: Determining an ideal solvent system for analyzing commercial analgesics 

1.    Each group should obtain two 5x10 cm strip of silica TLC plates. Hold the plates by 

the edges and avoid touching the silica side of the plates. The silica is powder 

coated onto a thin glossy sheet of plastic; the silica side is flat and not glossy. With a 

pencil, lightly draw a straight line parallel to the bottom of the plate about 1 cm 

from the bottom on each plate (Figure 7.1) 

2.    With a pencil, lightly place six equally spaced marks along the line on one plate 

which are where the five analgesics and caffeine standards are spotted. On the 

2nd plate each group will spot their assigned commercial analgesic and the 6 

standards after the first plate is done. You might use AA for acetylsalicylic acid, Ac 

for acetaminophen, I for ibuprofen, N for naproxen, P for phenacetin, and C for 

caffeine, U for the “unknown” commercial analgesic to very lightly label your plates 

with pencil. 

3.    Each lab group can obtain about ten drops of each of the six standard solutions in 

labelled clean test tubes. (Or there may be may be spotting stations at the end of 

each bench). Obtain a small diameter capillary tubes for each solution (type with 

both ends open, not ones used for melting point).  

4.    Each group should spot the plates as noted in #2 above. The spots should be kept 

as small as possible (1mm and no bigger than 2mm if possible). You might practice 

making small spots on a piece of paper first. To load solution into a capillary tube just 

touch the end of the tube to the solution. It will partially fill by capillary action.   



5.    After the spots have dried view the plate under a UV light to make sure they are 

easily visible. A sample that is not concentrated enough will not be visible; it should 

be identified prior to developing. 

Developing: 

6.    To test the effect of solvent polarity and determine the solvent combination that 

provides the best separation of the analgesics. Each lab group will test a different 

solvent combination with their first plate (assigned by TA) and write their results on 

the board. The solvents to be tested are ethyl acetate, hexane, and mixtures of the 

two for the following percent by volume of hexane: 0%, 25%, 50%, 75%, and 100%. If 

there are groups, 100% water and 100% ethanol can be tested. A small amount of 

acetic acid will also be added to all eluent systems so each has about 1% acetic 

acid to maintain a constant pH. 

7.    First obtain a large square of parafilm. Alternatively use a watchglass to cover the 

developing chamber. 

8.    Each group should prepare about 10 mL of the solvent to be tested using a 10 mL 

graduated cylinder and add 0.10 mL of glacial acetic acid to it using a pipettor in a 

fume hood (or add about 3 drops). Place the solution into a 400 mL beaker and 

cover with parafilm to reduce evaporation The solvent should be about ¼ cm deep 

and cover the bottom of the beaker. Keep the beaker in a well vented area (away 

from the edge of the lab bench). Place a piece of filter paper on its side against the 

wall of the beaker and slosh some eluent on it; this helps keep the air saturated with 

solvent vapor.  

9.    Place the TLC plate into the beaker with the glossy side facing the walls of the 

beaker or facing up if leaned across the beaker. Make sure that the level of the 

eluting solvent does not go above the spotting line. If it does you get to start over! 

Cover the beaker with the parafilm and wait 6-10 minutes for the plate to develop 

observing the solvent wicking up the TLC plate. Do not move the beaker while the 

plate is being developed. The solvent front should travel 4-6 cm. 

10.  Remove the plate and immediately mark the solvent front stopped with a pencil. 

Dispose of used hexane and ethyl acetate in the waste container labeled “Acetone 

Waste”. 

Visualizing:  

11.  Allow the plate to thoroughly dry. View and mark the spots (with pencil) under a UV 

lamp and measure the distance of the solvent front and each spot. 



12.  Calculate the resulting Rf values for each spot and write them on the board for 

each solvent tested. Determine the solvent that gives the best separation and use 

that solvent to develop the second plate. Document all information in your lab 

notebook. It is intended that you should share data with the entire class. 

 Analysis of Commercial Analgesic 

13. Crush the analgesic tablet provided by the TA in a mortor and pestle. Place the 

mixture in a small beaker and add 5-10 mL of a 50:50 mixture of ethanol:TBME. On a 

stirrer/hot plate stir for 1-2 minutes and let settle. Filter if needed. Spot the unknown 

solution along with the standards on a second plate as was done above. 

14.  Now develop and visualize the 2nd plate using the best solvent and calculate the Rf 

values for all the spots present and identify the components in the commercial 

analgesic. 

15.  Dispose of used hexane and ethyl acetate in the waste container labeled 

“Acetone Waste”. 

Follow-up: 

Tape TLC plates into your lab notebook. Note the lab group and class Rf data is shared in your 

notebook Using your data write a short statement on each of the following: 

1.    For part I which solvent gave the best separation of the analgesics? Why did the 

spot move with one solvent and not the other? Hint: Which solvent is least polar and 

which is most polar? 

2.    Explain how you identified the compounds in the commercial analgesic and the 

amino acid(s) in your unknown. 

3.    Relate the separation of the distance traveled by each of the amino acids tested to 

the R group and solubility in the mobile and stationary phase. What would be the 

pattern for aspartic acid and phenylalanine? 

Fill out the unknown report sheet at the end of the experiment and turn in to the prep 

stockroom. 

 

 

  



Pre-lab Questions: 

1.    What does TLC stand for? 

2.    Why do analgesic manufacturers add caffeine to their products? 

3.    What are some of the effects of caffeine on individuals? (lots of information on the 

web) 

4.    Draw the structures of caffeine, water, and dichloromethane.  

5.    What are the three parts of TLC analysis? 

6.    Why can’t the level of solvent in the beaker be higher than the spotting line on the 

plate? 

7.    Which is more polar, hexane or ethyl acetate? Why? 

8.    Calculate the Rf for a spot on a TLC plate if the solvent moved 10 cm and the spot 

moved 7 cm. 

9.    What is needed to view the spots for the analgesics on the TLC plates? 

10.  What is an amino acid? 

11.  What are three ways we can visualize spots? 

12.  Risk Assessment: What are the safety hazards and precautions for this experiment? 

  

 

 

 

 

 

[1] Bettelheim and Landesberg, Experiments for introduction to Organic 
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EXPERIMENT 7: CHM 235L REPORT SHEET FOR UNKNOWN AA-XXXX 

STUDENT'S NAME__________________________________ Dana ID______    

UNKNOWN # AA - ______SECTION LETTER_____  

This completed report sheet should be turned in to your TA before the end of the lab 

period. Do not put this sheet in the notebook.  Do not write the hazard code for the 

unknown number, which has the form HC-xxxx. The unknown number can be found on 

the vial containing the unknown or, if the vial is missing, the unknown number should 

also be recorded in the blue book in the prep stockroom. 

Part I: Rf values for Plate 1 

Percent 

(%) 

Hexane 
            

Ethyl Acetate 
            

Percent 

(%) 

Ethanol 
            

Water 
            

Rf Value 

Caffeine 
            

Acetylsalicylic Acid 
            

Acetaminophen 
            

Ibuprofen 
            

Naproxen 
            

Phenacetin 
            

*About 1% Acetic Acid in each solvent. 

 



Compound Rf Value 

Caffeine 
  

Acetylsalicylic Acid 
  

Acetaminophen 
  

Ibuprofen 
  

Naproxen 
  

Phenacetin 
  

Commercial Analgesic 
  

 

  

 

 

Part II Data: Unknown Amino Acid(s)

 

Amino Acid Rf Value 

Alanine   

Valine   

Leucine   

Histidine   

 

 

Teaching Assistant's Initials For Checking This Sheet:____________________________     

NOTE: This does not guarantee you identified your unknowns correctly. 

Solvent Used: 
  

Compound Name: 
  

Name of Unknown Amino 

Acid(s) in DP-XXXX: 

  

  


