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Introduction 
            CHM235L is a one credit laboratory course in the organic chemistry focusing 

on chemical synthesis, purification, structural determination, chemical kinetics, 

and chromatographic methods commonplace in the lab. Emphasis is placed on 

record keeping, data interpretation, and report writing. It will be important to 

critically analyze the data you collect for writing a quality scientific report. These 

experiments require that you prepare carefully in advance in order to succeed in 

your lab work. Poor preparation will lead to mistakes, ruining experimental work 

that took multiple lab periods. 

           Information on grading, course requirements, and scheduling is provided in 

the course syllabus. It is hoped that this lab will be both challenging and 

interesting.  Your suggestions are welcome. If you would like to remain anonymous 

just drop your comments in the box for unknowns just outside the prep stockroom 

(216). Please write your course number on your comments.  
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Concepts and Techniques 

Experiment 1: Melting Points 

 Melting point characterization technique  

 Mixed melting point characterization technique  

Experiment 2: Distillation and Gas Chromatography 

 Simple distillation 

 Fractional distillation 

 Gas chromatography 

Experiment 3: Separation and Identification of Organic Compounds 

 Acid-base work-up 

 Compound separation and purification technique  

 Melting point characterization  

 Simple distillation  

 Infrared spectroscopy analysis: principles and use 

Experiment 4: The Synthesis of Isoamyl Acetate (Banana Oil) 

 Ester synthesis by carboxylic acid dehydration  

 Simple Distillation 

 Infrared spectroscopy analysis 

 Percent yield determination  
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Experiment 5: The Synthesis and Characterization of Menthene 

 Alcohol dehydration to alkene 

 Reaction mechanism concept: Zeitzev’s Rule, Hydride shift  

 Compound isolation and purification - distillation 

 Infrared spectroscopy: Product verification  

 Gas chromatographic analysis: product purity  

Experiment 6: Determining the Mechanism of a Chemical Reaction 

 Nucleophilic substitution reactions 

 Solvent polarity and concentration: Effects on rate law and mechanism  

 

Experiment 7: Analysis Using Thin Layer Chromatography 

 Analgesics and Amino Acids 

 Thin layer chromatography - principles and use 

 Effect of solvent polarity and substrate structure 
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GUIDELINES FOR THE LABORATORY NOTEBOOK 

Introduction 

            The laboratory notebook record serves several purposes, the most 

important of which is to be the permanent, understandable record of data and 

observations taken during the laboratory period. A secondary, but less critical 

function is to serve as a record place for calculations and conclusions. 

            The method for keeping the notebook outlined below is based on the 

principles given above.  Grading will be based on clarity and completeness and 

not on neatness however, it must be legible in order to be critiqued. Write 

everything you do relating to this lab in your lab notebook.  Write notes in it as you 

work such that you could understand what you did at a future date. Never 

document your observations elsewhere. 

            Another important facet of scientific experiments involves the propagation 

of accuracy of measurements (from the measurements and calculations to the 

final results.) You must use the correct number of significant figures, as outlined in 

the Lab Manual, in data collections, calculations and reporting. For example, a 25 

mL graduated cylinder provides 3 significant figures; to document more or less is 

irresponsible. In this lab course always use at least 3 (three) significant figures in 

calculations. 

 Your laboratory instructor or TA is required to sign and date the notebook at 

the end of the last entry to validate your day's work. 

 

Notebook Format  

1.         The notebook is to be a hardbound notebook-containing quadrille lined 

graph paper such as National #53-108 or #43-474.  A spiral bound notebook 

is not acceptable. 

2.         You may use a notebook that has been previously used in another course, 

but do not tear pages out of the notebook. Instead, start in a fresh portion 

of the book. 

3.         Write your name, ID number, instructor's name, class number (CHM 235L), 

and section letter on the front of the notebook. 

 



7 
 

4. Reserve the first two pages for a Table of Contents.  One convenient form 

for the Table of Contents is: 

Experiment 2 – Dipeptides         pp. 4-11 

Data                                            pp. 5-6, 9 

Calculations                            pp. 7, 8, 10 

Conclusions                                      p.  11 

 

5. Number EVERY PAGE in the upper outside corners of the pages of the 

notebook starting with page 1 on the first "right-hand" page, page 2 on the 

next "left-hand" page, and so on. The numbering of ALL pages should be 

done now, not as you start using each page.  (If your notebook is already 

numbered in some other manner, please see the instructor.) 

6.         Do not tear pages out of a notebook. 

   

Data and observations 

1.        Place an experimental title at the top of each page and at the start of 

each new lab period along with the date. Organize the written record by: 

a) identifying all data (example: "mass of beaker and acid"), b) giving units 

for all measurements, c) placing trials side by side in a table format so 

captions don't have to be repeated. 

2. Record data as it is measured or observed in the laboratory. This record 

should be kept in order as it is taken. Start on the top of page 5 on the first 

day and continue until that page is full (whether it takes 30 minutes or 3 lab 

periods). Do not leave blank spaces (more than 3-5 lines) on pages (That 

gives the impression that you are going to add something later after you 

have thought about it.) and do not leave any of the pages blank. If you 

jump from one experiment to another, record the data in the chronological 

(time) order that the data is taken, rather than trying to organize it by 

experiment (label new sections with titles). 

3.         Record all data and observations in ink.  Never put these any place except 

directly into the notebook. If you make a mistake, cross it out with a single 

line, don't obliterate it or mark over it with the correction. If any correction is 

extensive (example: a whole trial has to be discarded) a simple statement 

of explanation should be given ("I dropped the beaker").  This will help you 

to remember what you did in the future. 
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4.        Use only pens with permanent ink; do not use a pen with "erasable" ink or a 

pencil. 

5.        Do not include detailed instructions or procedures (such as those given in 

the Lab Manual) in the lab notebook. Include only enough of the 

procedure to keep the data from being confused (reference procedure or 

page #). Describe any changes made in the procedure, amounts of 

reagents used when the procedure in the Lab Manual has variable 

amounts, and observations you make that might be important in drawing 

conclusions. At the end of the lab period, it may be helpful to describe the 

status of the experiment so that you will be able to remember it at the start 

of the next period. The key is to make your lab notebook understandable to 

you or another who might need to read it. 

Scientific Integrity 

           Scientific advances are based firmly on experimental observations and 

depend on the accuracy and honesty of the experimental data. The 

laboratory notebook must preserve the sanctity of data collection and 

observations. Once a measurement is taken and recorded, it cannot be 

changed. Although predictions can be made, "Dry-labbing" is wholly 

unethical; it negates the very basis of the scientific method. 

  

Conclusions and Calculations 

 The treatment of calculations and conclusions is quite different than that of data 

and observations because calculations can always be checked or reconstructed, 

whereas an observation cannot. 

1.        Calculations and conclusions should be entered in chronological order.  They 

should be entered in ink. 

2.         The calculations should be done each week in the notebook prior to the next lab 

session and before you turn in the unknown report form for grading. 

3.         You need to show the step-by-step method of calculation for only one of a group 

of trials, then organize the results for all trials (including intermediate results as well as 

the final result) into a table format.  This is a tremendous help when doing 

calculations. 

4.         As with data, do not skip more than 3-5 blank lines on a page as you work. 
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5.         Place a heading on your calculations identifying the experiment and giving the 

data used in the calculations. 

6.         Include with the calculations: a) any necessary graphs, b) all results and 

conclusions, and c) any steps of reasoning and justification needed for the 

conclusions drawn. 

7.        At all times, attention should be given to the correct number of significant digits 

reported. However, intermediate results can be recorded with one more digit than 

warranted by the significance of the data. This process is explained in the section 

on significant figures later in the introduction. 

  

GUIDELINES FOR SCIENTIFIC REPORTS 

            A scientific report is a concise collection of your observations, data, 

calculations, and conclusions for the experiment. It is not a verbose collection of 

miscellaneous theory and discussion that has been taken from the literature or 

textbooks. Your goal in writing a report should be to inform the reader of what you 

were intent on doing, how you did it, your results, and the conclusions drawn. If the 

reader is to be properly informed, the report should be readable, both 

grammatically and legibly and reproducible.  

            Reports may have different forms depending on the information being 

conveyed. Many scientific reports are divided into six sections: abstract, 

introduction, experimental, results, discussion, and references. Below is a brief set 

of guidelines for each of these sections. Please note that it is not the only format 

used. Consult the syllabus, information at the end of experiments in the laboratory 

manual, and the instructor with regard to more specific information relating to 

reports. 

Abstract 

The abstract is a very brief summary of the experiment's objective(s), key 

experimental procedures, key results, and conclusion(s) that should be a 

paragraph or two, not exceeding half a page. The form and length of an abstract 

will vary greatly depending on the scientific journal, but the above guidelines are 

generally followed. 

Introduction 

The form and content of the introduction can vary greatly. In general it will give a 

short summary of background material introducing the specific objective(s) of the 

experiment. Most scientific reports will included some material covering the theory 
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in the introduction. This material should convey to the reader an understanding of 

the theoretical bases for the experiment in a brief summary. In writing this section 

do not copy the laboratory manual or texts but summarize only the key points 

needed for understanding the experiment and then provide references for the 

reader. Do not get bogged down writing this section, rather keep it simple and 

short. Be sure to include any key chemical reactions, mechanisms and chemical 

equations used. 

Experimental 

This section includes a brief discussion of the procedures and materials used in the 

experiment. The goal of this section is to allow the reader to repeat the 

experiment. Copying the procedure out of the laboratory manual would be 

considered plagiarism; don’t do this. Instead, write a short summary of the 

procedures used and reference the appropriate page numbers of the lab 

manual. Note any procedural changes if any. Often, specific information on the 

instrumentation and materials used is included in this section. 

Results 

This section includes a summary of key data collected and results. Here are some 

helpful hints for writing a good results section: 

1. Identify numbers present and use proper units. 

 

2. Include complete tables and graphs but do not duplicate information. Be 

sure to identify columns or axes. 

 

3. Use a reasonable number of significant figures for all numbers. 

 

4. Give exact masses of solids and exact volumes of liquids used, not values 

listed in the lab manual. 

 

5. List values for each trial and the median value if more than one trial is 

conducted. A comparison of values should give an estimate of your 

precision. 

 

6. Example calculations can be shown in the laboratory notebook and in the 

report (ask your TA for preference). 
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7. Present key results in a brief written form with clear, concise explanations. 

  

Discussion 

 The discussion section is the most important section of your report. In this section, 

the significance of your results should be analyzed. How did your results compare to the 

predicted outcome? What do your results mean? If the outcome was not as expected, 

describe the most probable sources of error (Be specific!). How could the results be 

improved? This should be the climax of your report so focus on this section! Be sure to use 

data, results, and equations to clarify and support your conclusions.  

References 

  A list of references might be known as the "Literature Cited" or "Bibliography".  This section 

is very useful to an informed reader.  A number which is elevated above the line or in 

parenthesis (1) can note references in the body of report.  References should be listed in 

the order they are first used in the report or you can use other reference formats, which 

are common in scientific literature.  Example references: 

 (1)       Stewart, J.E., "Infrared Spectroscopy," Marcel Dekker, Inc., New York, 1970, pp. 519, 

520. 

 (2)       Worley, J.D., J. Chem. Educ., 46, 608, (1969). 

            An excellent guide for writing scientific papers is the "Handbook for Authors of 

Papers in American Chemical Society Publications" published by the American Chemical 

Society. This is a must for any chemistry major and can be purchased at the NAU 

bookstore. It is not however required for this course. Simply reading articles in scientific 

journals is an excellent way to become familiar with the form of scientific reports and 

indeed one of the assignments for this course will require you to do just that. In any case, 

please remember that a report does not have to be long to be good. A short, concise 

report clearly stating the needed information is much better than a long verbose report 

filled with unneeded information. 
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GENERAL INFORMATION 

  

Locker Check-Out 

            When you check out your locker, your teaching assistant (TA) will provide you with 

a locker list and a key. The section on safety should be read before starting. First put on 

safety goggles. You should check and make sure all your equipment is present and 

undamaged. Have your TA fill out a requisition form for any broken or missing items. Take 

the requisition form to the prep stockroom window (216). When you're sure your drawer is 

complete, finish filling out your locker list, sign it and make sure the safety exercise on the 

back of the locker list is complete and give it to the TA. You will then be responsible for the 

contents of your drawer. The equipment in it is worth over $200.00 so keep it locked and 

keep the key in a safe place like on your personal key ring. If you lose your key it can be 

replaced for $50.00 (see your teaching assistant). If you break anything your TA may 

replace it. You must show your student ID card and you will be billed for the broken item. A 

lost and found is kept in each laboratory for lost equipment and in the prep stockroom for 

personal items. 

Planning 

            In this laboratory it is very important to use your time wisely. Here is some advice 

from past students:  Be prepared before you come to lab. Read over material carefully 

until you understand what is expected.  Don't get behind. Go to every lab, don't leave 

early and don't waste time. Budget your time wisely. Read experiments before coming to 

lab.  

Dropping Course 

            You must check-in your locker before drop or withdrawal from the lab. You should 

check-in your locker during your regularly scheduled lab period. If this is not possible go to 

the stockroom window (216) for help. There will be a $30.00 service charge if a locker is not 

checked in by the middle of the last scheduled lab period for your section. There will be a 

$50.00 charge for each key not returned. To check-in your locker, see your lab TA to 

obtain your locker list or go to the stockroom (216) for help. Follow the instructions below to 

check-in your locker. If you did not use your unknowns, please return them to the 

stockroom (216) without washing the unused vials. Please wash out the used vials as noted 

below. When you are finished, take your locker list and locker key to the stockroom (216) 

or your TA. 
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Locker Check-In 

1. Fill out the online lab evaluation and then obtain your locker list from your TA. 

 

2. Empty the drawer and scrub it out with a wet sponge at the sink. Clean any 

dirty glassware and used unknown vials (remove all labels.)  Replace any 

missing or broken item at the chemistry stockroom (216).  Be sure to bring your 

student ID card with you. 

 

3. Take your clean unknown vials, unused unknowns, and locker list to the 

stockroom (216).  The stockroom employee will take the vials and initial your 

locker list.  Your locker list must have the stockroom’s initial for you to continue 

check-in. 

 

4. Set your equipment out on the bench in the order listed on your locker list (use 

a locker outline if available.)  Notify the TA that you are ready to check-in your 

locker. You may have to add your name to the bottom of a list on the 

whiteboard. 

 

5. If the locker is in order, the teaching assistant will lock your drawer and sign and 

date your locker list. Put any extra items in the lost and found box in the lab. Be 

sure the TA has your signed locker list and key(s) or you may be charged a 

$30.00 locker check-in fee and $50.00 per key not returned. If you are dropping 

the lab, take your locker list, key(s) and equipment outline to the stockroom 

(216) if the TA is not available. 

 

6. Before you leave, check your grades posted online and the teaching assistant's 

grades to be sure your grades are correct.   

 

7. If you do not check-in your locker on or before your last regular laboratory 

meeting, you will be charged a $30.00 check-in fee and a $50.00 charge per 

key not returned.  The key fee may be refundable if you return your key to the 

laboratory manager in 212 or the stockroom manager in 214. 

Video Tapes 

            There are videos on the use of the balance, pipettor, and other lab equipment 

posted on the “Instructional Labs Homepage” at: http://jan.ucc.nau.edu/~jkn/Labs.html    

http://jan.ucc.nau.edu/~jkn/Labs.html
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Computers 

 The computers located in room 221 and 207 and may be used to view these 

videos. These computer labs are loaded with software such as graphical analysis, ACD 

structure drawing, Chemsketch, etc. that will be useful for some experiments. The 

computers are available the same hours as the video tapes in room 207 and 221.  If you 

have problems using them, ask your TA for help.  

  

SAFETY IN THE CHEMISTRY LABORATORY 

“An ounce of prevention is worth a pound of cure.” ~ Benjamin Franklin             

 Laboratory safety involves the prevention of accidents and appropriate 

response to laboratory emergencies. This begins with always being aware of 

chemical and laboratory hazards. Hazard codes, chemical labels, and material 

safety data sheets are the first sources of information that help us prepare to 

work safely in a laboratory. This information is useful for risk assessment on the 

hazards and experiment precautions that you will encounter. Certain rules need 

to be followed to keep you safe and you must know what to do in case of an 

emergency.  

 Chemical waste management is another important aspect of a safe 

laboratory and a key regulatory compliance issue. Waste segregation is crucial 

for proper disposal. NAU’s department of Environmental Health and Safety 

provides detailed Standard Operating Procedures (SOP’s) regarding chemical 

safe-handling.  

Risk Assessment 

A risk assessment determines what hazards will be encountered during an 

experiment or lab procedure, how to mitigate them (precautions such as 

goggles or gloves), and what should be done if something goes wrong. There 

may be physical or chemical hazards present that will be discussed in the 

experiment write up. Chemical hazards will be expressed using hazard codes 

and/or special warning stickers on bottle labels. If you observe a 3 or 4 in the 

hazard code you may want to obtain more information by referring to the 

material safety data sheet (MSDS) and note hazards and how to respond to 

them. For every experiment you must write a risk assessment and outline the 

experimental procedure before you start lab work. 

 

 

http://nau.edu/Research/Compliance/Environmental-Health-and-Safety/Standard-Operating-Procedures/
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Chemical Labels and Hazard Codes 

The first source of information is the label on a chemical bottle. Always read the 

label carefully before using a chemical. A commercial chemical bottle will have 

extensive information on the label such as the chemical name and formula, 

physical properties, purity, molar mass, hazards, safety precautions, suggested 

protective equipment, and other information. A hazard code may also be 

included on the label. 

The chemistry department has adopted the “Baker” hazard code classification 

system to inform users of potentially hazardous chemicals. This system is designed to 

provide information to people who handle chemicals in laboratories. Hazards are 

classified according to four types:  health (toxic), flammability (fire), reactivity 

(explosive or reactive), and contact (corrosive).  The severity of the hazard is indicated 

by using a number from "0" (no hazard) to "4" (extreme hazard). This information is 

conveyed using either a four-colored label found on "J.T.Baker" chemical products or as 

a series of four digits.  The label on chemical bottles may look like this: 

 

Health Flammibility Reactivity Contact 

 

1 3 2 1 
Color Code: Blue  Red Yellow White 

 

The four-digit hazard code used in the lab manual would look like this: 1321 

For example, the code listed above for acetone indicates a slight health hazard (1), a 

high flammability hazard (3), a moderate reactivity hazard (2), and a slight contact 

hazard (1). Hazard codes will be listed after the chemical inside parentheses: (1321) 

The "Baker Codes" for each of the four hazards are defined according to the following: 
  

HEALTH (BLUE): Toxic effects of a substance if inhaled, ingested or absorbed. 

 
 0.  No Hazard 
            1.  Slight hazard 
            2.  Moderate hazard 
            3.  Severe danger 
 4.    Deadly, Life Threatening 
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FLAMMABILITY (RED): Tendency of a substance to burn based on flash point or the 

temperature a substance will burn when exposed to a spark. 
                         

 0.  Will not burn 
            1.  Flash point above 200 oF 
            2.  Flash point from 100-200 oF 
            3.  Flash point from 73-100 oF 
            4.  Flash point below 73 oF 

 
REACTIVITY (YELLOW): Potential of a substance to react violently with air, water  or 

other substances. 
                         

 0.  Stable. 
      1.  Reacts under elevated temperature or when in contact with other substances  

under other than normal working conditions. 
 2.  Reacts violently but will probably not explode under normal working   

      conditions. 
 3.  Reacts violently or explodes under normal working conditions when in contact 

      with air, water or other substances. 
 4.  May react violently or detonate spontaneously under normal working   

      conditions. 

 
CONTACT (WHITE): The danger a substance presents when it comes in contact with skin, 

eyes or mucous membranes. 
                       

 0.  No contact hazard to normal, healthy tissues. 
 1.  Slight hazard; irritant to sensitive tissues, 
                 avoid contact with eyes and mucous membranes. 
            2.  Moderate hazard; irritant to sensitive tissues, 
                 damages tissues. 
            3.  Severe danger; destroys tissues, including skin. 
            4.  Extreme danger; life threatening. 
  

The National Fire Protection Association (NFPA) is a hazard code system that was 

adopted in 1975 to communicate hazards to emergency responders. This system uses a 

label that you may be familiar with since it appears on entrances to stores containing 

hazardous chemicals and on chemical containers. The NFPA may differ from the 

“Baker” code since it provides information to firefighters while the “Baker” code 

provides hazard information in a laboratory situation. The codes are very similar except 

the white section in the NFPA code refers to special or specific hazards of importance 

to firefighters such as “ox” for oxidizing agent. 



17 
 

 

HEALTH (Blue) - Degree of hazard for short term protection 

0 - Ordinary combustible hazards in a fire 

1 - Slightly hazardous 

2 - Hazardous 

3 - Extreme danger 

4 - Deadly 

  

FLAMMABILITY (Red) - Susceptibility to burning 

0 - Will not burn 

1 - Will ignite if preheated 

2 - Will ignite if moderately heated 

3 - Will ignite at most ambient conditions 

4 - Burns readily at ambient conditions 

 

Reactivity, Instability (Yellow) - Energy released if burned, decomposed, or 

mixed 

0 - Stable and not reactive with water 

1 - Unstable if heated 

2 - Violent chemical change 

3 - Shock and heat may detonate 

4 - May detonate 

 

Special Hazard (White) 

OX.  Oxidizer 

W.     Use no water, reacts! 

Ionizing Radiation.  
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 The hazard codes are given only as a guide to warn the user of probable 

hazards and to approximate the degree of hazard under normal use. The user must not 

be lulled into a false sense of security by a low number on the label, but must take full 

responsibility for safe use of the chemicals. Avoid over-reliance on hazard codes. Refer 

to the Material Safety Data Sheets (MSDS) and other safety information whenever you 

are working with chemicals that are unfamiliar to you.  This is especially important when 

mixing chemicals. Chemicals with relatively safe hazard codes can become dangerous 

when mixed with other chemicals. 
The Material Safety Data Sheet (MSDS) for every chemical used or produced 

should be read to obtain additional safety information before the chemical is used. 

These sheets are available in Room 212 for all chemicals used in the chemistry 

department; they must not be removed from that room. The internet is a great resource 

for MSDS and general safety information. 

MATERIAL SAFETY DATA SHEETS (MSDS) AND SAFETY REFERENCES 

            Often the label on a chemical container does not provide enough information 

on a chemical to use it safely. Additional facts on chemical hazards can be found in 

material safety data sheets, safety references, and chemical/safety catalogs. A hard 

copy, safety library is maintained in room 212. Material Safety Data Sheet (MSDS) for 

every chemical purchased by the chemistry department are maintained and use of 

these sheets is encouraged. Sigma-Aldrich MSDS volumes are also available. Links to 

MSDS information can be found on the web under course information on chemistry 

instructional labs homepage. Other references on laboratory safety, hazardous 

chemicals, carcinogens, chemical first aid, exposure limits, hazardous waste disposal, 

etc. are also available. The following references can be found in room 212. 

 CRC Handbook of Laboratory Safety   

 The Merck Index 

 "Dangerous Properties of Industrial Materials" by Sax 

 Toxic Substances List (NIOSH) 

 Annual Reports on Carcinogens 

 Emergency Response Guide 

 "First Aid Manual for Chemical Accidents" by Lefevre 

 The NAU Chemical Hygiene Plan 

 "Safety in Working with Chemicals" by Green and Turk 

 NIOSH/OSHA Pocket Guide to Chemical Hazards 

 Free sources of information such as chemical catalogs (the Aldrich and Flinn 

catalog are good references) and safety catalogs can provide information such as the 

right choice of gloves for a certain class of hazardous compounds. Room 212 is open 

Monday through Friday from 8:00 a.m. to 5:00 p.m. to make this safety material more 

available. This material will be removed from 212 for making copies and then only for 30 

minutes or less. 
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            The Material Safety Data Sheet (MSDS) provides technical, chemical, physical, 

and hazard information for the "hazardous material." The "Hazardous Material" may be 

an individual substance or a mixture of hazardous ingredients. The Occupational Safety 

and Health Administration (OSHA) requires that manufacturers prepare an MSDS for 

each hazardous substance they make. While OSHA is very specific about the 

information that must be provided in an MSDS, they do not require manufacturers to 

provide the information in a certain format. Therefore, the order in which information is 

provided in a MSDS may vary from manufacturer to manufacturer. The following is an 

outline of the content of a MSDS, but not necessarily in the order provided by all 

manufacturers: 

 Material Identification and Hazardous Components 

 Physical/Chemical Characteristics - vapor pressure, flash point, etc. 

 Fire and Explosion Hazard Data - auto ignition temperature, extinguishing 

media, etc 

 Reactivity Hazard Data 

 Health Hazard Data 

 Control and Protective Measures - the type of personal protective 

equipment and type of ventilation to be used, and the precautions to be 

taken when using the material for its intended purpose is given 

 Precautions for Safe Handling and Storing - use/leak procedures 

 Please note that more sections and more information may be provided by the 

individual manufacturer; however, the information required in the listed sections MUST 

be found in a MSDS. While all of the information in the MSDS is important, the 

information on the information on safe handling, control and protective measures, 

reactivity/health hazards, and extinguishing media is very important. When using a 

MSDS keep in mind that the target audience is assumed to be a chemical worker using 

larger amounts of the material than you will encounter. The personal protection 

measures may sometimes need to be modified for a laboratory situation where much 

small amounts are used in a more controlled environment. For the safety of yourself and 

those people you work with, be sure to read the MSDS on any chemical you work 

with.  BE INFORMED!  Read labels and use care when using concentrated reagents. 

CHEMICAL FUME HOODS 

          The building is equipped with state-of-the-art low flow fume hoods and knowing 

how use them correctly is essential to their proper function. First of all, every hood is 

equipped with a flow sensor and alarming sensor. If the flow is too slow or too fast they 

may not be able to trap and remove fumes and an alarm will go off. Notify your TA or 

instructor immediately if this is the case. The fume hood has two modes, standby or 

sleep mode and normal mode. When the sash (front window of the hood) is all the way 

down or closed the hood will be in standby mode and the flow rate will be about half 

of normal mode to conserve energy. When you pull the sash up about an inch or less 

you will hear a click and the hood flow will ramp up to normal mode and provide you 

with the best protection. The sash has sliding windows that can be used to protect you 
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and provide access to work inside the hood with the sash closed. The hood may not 

function correctly with the sash all the way up. Also never store chemicals or equipment 

in a fume hood because this can degrade fume hood performance. Keeping this 

information in mind follow these rules for safe fume hood use: 

 Never put you head inside a fume hood. 

 Keep the sash down except when setting up an apparatus. 

 Before using pull sash up just enough to ramp up to normal mode (<1”). 

 Use sliding windows to access work in hood. When doing dangerous work 

keep a window in front of you for protection and reach around it to work. 

 As a general rule you should work at least 6 inches inside a hood from the 

hood sash. 

 Notify the TA or instructor immediately if an alarm comes on. 

 Immediately clean up any spill. Get the TA’s help if the spill may be 

dangerous. 

 When done working in a hood, wipe down with a damp sponge, push the 

sash all the way down, close the sash windows, and turn off the light. 

 Never store chemicals and equipment in the hood long term. Instead use 

your bin or locker for your solutions or for other stuff the storage cabinets 

under or to the side of the hood. It’s ok to leave ring stands and rubber 

tubing for condensers in hood.  

GLASSWARE CLEANING  

            First of all use proper gloves to protect your hands if needed. To properly clean 

glassware you need to be aware of the hazards and solubility properties of the material 

that was used. Be sure to properly dispose of any used chemicals if they pose a hazard. 

You may need to dispose of any residual material in a container if it poses a significant 

hazard. Containers used for volatile concentrated acids such as hydrochloric, nitric, or 

acetic acids or bases such as concentrated ammonium hydroxide must be rinsed in a 

fume hood with water to remove any residual chemical.  

            Water soluble materials such as ones used in general chemistry labs can often 

just be rinsed with hot tap water several times and then once with RO water (purified 

water). Fill a wash bottle with RO to rinse glassware or use the RO rinse tub in you lab. 

Do not use the RO water tap in you lab to rinse your glassware. Wash glassware soon 

after you are done using it and never leave or store dirty glassware. If need be use lab 

soap to help clean glassware. Hard to clean glassware such as volumetric or Mohr 

pipets may need to be cleaned with soap in a sonicator. Sometimes with less water 

soluble materials you will need to use a cleaner such as simple green. This works very 

well with labels. 

            When working with volatile organic chemicals, containers may need to be rinsed 

with acetone in a fume hood to remove the organic material before washing at a sink. 

Our organic chemistry labs will have at least one acetone cleaning station in a fume 

hood. Never allow fumes from a volatile chemical to escape into the lab. Some organic 
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material such as vacuum grease is insoluble in both acetone and water. Hexanes can 

be used to remove this material and then acetone to remove the residue hexanes. 

Collect used acetone and hexanes in a waste bottle. Do not add any other materials 

to these bottles. 

 

FIRE SAFETY 

            Organic chemistry laboratories are equipped with fire extinguishers, eyewash 

and safety shower, first aid kit, and other safety equipment.   

To use an extinguisher:  PASS     

PULL the pin with a twist  

AIM the hose at the base of the flames by holding the extinguisher in upright  

   position  

SQUEEZE the handle until extinguishing material is released out of the hose 

SWEEP slowly by approaching the fire at the base of the flames 

 

 Continue until fire is out  

 Watch for auto ignition even after fire appears out 

 Select proper extinguisher for fire (explained later) 

Three Components of Fire: 

            Fire burns because three components are present: fuel, heat and oxygen. Fire in 

itself, is a chemical reaction that occurs when a material unites with oxygen so rapidly 

that it produces flame. Think of fire as a triangle. If any one of the three sides, heat, fuel 

or oxygen is taken away, the fire goes out. This is the basis for fire extinguishment. Heat 

can be taken away by cooling, oxygen can be taken away by excluding air, fuel can 

be removed to a place where there is no flame, or a chemical reaction can be 

stopped by inhibiting the oxidation of the fuel. 

            Cooling a fire calls for the application of something, which absorbs heat. 

Although there are others, water is the most common cooling agent. Water is 
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commonly applied in the form of a liquid stream, finely divided spray or 

incorporated in foam. 

            Often, taking the fuel away from a fire is difficult and dangerous, but 

there are exceptions. Flammable liquid storage tanks can be arranged so their 

contents can be pumped to an isolated empty tank in case of fire. When 

flammable gases catch fire as they are flowing from a pipe, the fire will go out if 

the flow can be valved off.  

            Oxygen can be taken away from a fire by covering it with a wet blanket, 

throwing dirt on it or covering it with chemical or mechanical foam. Other gases 

which are heavier than air, such as carbon dioxide, or a vaporizing liquid can be 

used to blanket the fire, preventing the oxygen from getting to the fire. 

            Studies made during recent years have indicated that the familiar 

statement, "Remove heat, remove fuel or remove oxygen, to extinguish a fire" 

does not apply when dry chemical or halogenated hydrocarbons are used as 

the extinguishing agents. These agents inactivate intermediate products of the 

flame reaction resulting in a reduction of the combustion rate [the rate of heat 

evolution] and extinguishing of the fire. 

Four Classes of Fires: 

  

            CLASS A fires occur in ordinary combustible materials such as wood, cloth 

and paper. The most commonly used extinguishing agent is water, which cools 

and quenches. Special dry chemicals also extinguish fires in these materials for 

use on Class A, B and C fires. These provide a rapid knock down of flame and 

form a fire retardant coating, which prevents flash. 

            CLASS B fires occur in the vapor-air mixture over the surface of flammable 

liquids such as grease, gasoline and lubricating oils. Flammable liquids always 

generate vapor due to their high vapor pressure. When mixed with air and 

contacted by an ignition source, it is the vapor, not the liquid, which burns. The 

fuel vapor and oxygen provide two sides of the fire triangle. A flammable liquid 

is usually more dangerous when temperatures are high because more vapors 

are generated. The lowest temperature at which a liquid still has enough vapor 

pressure to give off enough vapors to form a flammable mixture with air is called 

the flash point. 

            A smothering or combustion inhibition effect is necessary to extinguish 

Class "B" fires. Dry chemical, foam, vaporizing liquids, and carbon dioxide all can 

be used as extinguishing agents depending on the circumstances of the fire. 
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            CLASS C fires occur in electrical equipment where non-conducting 

extinguishing agents must be used. Dry chemical, carbon dioxide, and 

vaporizing liquids are suitable. Because foam, water (except as a spray), and 

water-type extinguishing agents conduct electricity, their use can kill or injure 

the person operating the extinguisher, and severe damage to electrical 

equipment can result. 

            CLASS D fires occur in combustible metals such as sodium, potassium, 

lithium, magnesium, titanium, or zirconium. Specialized techniques, extinguishing 

agents and extinguishing equipment have been developed to control and 

extinguish fires of this type.  Normal extinguishing agents generally should not be 

used on metal fires as there is danger in most cases of increasing the intensity of 

the fire because of a chemical reaction between some extinguishing agents 

and the burning metal.  Since the Chemistry Department doesn't have a Class 

"D" fire extinguisher, dry sand or graphite can be used to smother Class "D" 

fires.  Buckets of dry sand should be provided in labs where Class "D" fire hazards 

are present. 

How to Protect Yourself 

1.        Eye Protection must be worn in the laboratory at all times unless otherwise notified 

by the instructor or TA. Avoid rubbing your eyes in lab unless you wash your 

hands first. Use extra caution when using corrosive chemicals. Indirectly vented 

or nonvented goggles are the required eye protection for this lab course. Safety 

glasses or directly vented goggles are not acceptable. Do not modify or remove 

the vents on goggles. If your goggles fog up, exit the lab to wipe them clean. 

2.         Skin protection should be employed where appropriate; you may be required to 

wear long pants. Avoid wearing shorts. The use of a lab coat or plastic apron is 

recommended. Closed toed shoes must be worn at all times in the laboratory for 

protection against broken glass and spilled chemicals. Open-toed shoes or 

sandals are not appropriate footwear in lab areas. The stockroom (216) can 

supply you with rubber booties. Disposable gloves are available for the handling 

of hazardous chemicals. Always remove them before exiting the lab. After 

completing lab work for the day, wipe down your entire work area (or any area 

used include balance, fume hoods, or reagent areas) with a clean, damp 

sponge to clean up any spilled chemicals and other material. Rinse out the 

sponge several times in the sink and wring it out. The final precaution will be to 

wash your hands as you exit the lab. 

3.         Protection from fumes or fine powders: Never allow hazardous chemical fumes 

or dust to escape into the open room; use fume hoods when necessary or 

specified. Be sure to use the fume hoods correctly, following the instructions 

provided by your TA or instructor. Avoid putting your head inside the fume hood 

and close the sash or fume hood window when it is not in use. Never walk 

throughout the lab with open containers. 
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4.         Protection from internal poisoning:  Never "pipet by mouth", eat, drink, or smoke 

in the laboratory. These activities are prohibited and TAs are trained to throw out 

any consumables (food or drink) that contact the lab benches. Wash your hands 

after you have completed lab work or leave the lab room. 

5.         Protection from hot surfaces: Use the appropriate types of tongs to handle hot 

objects. Test tube holders are too weak for carrying flasks. Take caution when 

heating chemicals; surfaces take time to cool. 

6.         Protection from fire and explosion: Never allow flammable vapors to escape into 

the open room (see No. 3). Diethyl ether is especially dangerous in this respect. 

Never use an open flame while flammable liquids are being used in the 

room. Hot plates should be used with care, as they are an ignition source. 

Flammable, volatile liquids should be used in fume hoods and stored in solvent 

cabinets when possible. Long hair should be tied back to keep it away from 

open flames. 

7.        Protection from cuts: When manipulating ceramic or glassware, protect your 

hands with a cloth towel. Grease is available when insert glass into rubber 

septa. Clean up broken glass immediately.  Do not pick up broken glass with 

bare hands. Use a broom and dustpan to dispose of glass in the "Broken Glass 

Container". Do not clean up broken mercury thermometers without help from 

your TA since mercury requires special disposal procedures. 

8.         Protection from the unexpected: Humans have been known to act stupidly on 

occasion. Always read all labels noting the chemical name, formula, 

concentration, and warnings (including hazard codes) carefully and double 

check to make sure you have the correct chemical and concentration. Follow 

directions in the experimental procedure exactly unless instructed to do 

otherwise. Remove obstacles by keeping lockers closed, lab stools out of aisles, 

and backpacks and coats stored on coat rack. Never conduct experiments not 

expressly designed for that lab period. Carefully follow hazardous waste disposal 

instructions given later. Assume that your peers have no idea what they are 

doing. 

9.         Safety Violations:  Any student who does not follow the above guidelines will be 

given one warning and will then be removed from the lab for the day for any 

subsequent violations with no opportunity to make up this work. There may also 

be grade deductions or permanent removal from the lab for serious violations. 

The below designations are used for point reductions based on each violation. 
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Lab Performance Violation 
Point 

Deduction 

Dress code: hair tired back, open toed shoes, excessive skin exposure 5 

Use of cell phones or other audio devices 5 

Backpacks or hand bag at workstations 5 

Improper use of balances and glassware 5 

Broken glassware or chemical spillage 5 

Dirty workstation at the end of lab period 5 

Failure to wash hands before leaving lab 5 

Improper use of equipment or instruments: GC, IR, Digimelt, pipettors, rotovaps 10 

Arriving to lab after quiz has started 5 

Food or drink at workstations 10 

Failure to complete experimental work during lab (last ten minutes cleanup only). 10 

Gross excess reagents and returning to working stock bottle. 5 

Failure to wear eye protection while in laboratory after experiment commences. 15 

Improper chemical and glass disposal: Overfilling bottle, disposal in trash, sink or wrong 

waste container 15 

Improper chemical handling: not recapping bottles, not cleaning up spilled chemicals 

immediately, having open containers outside of the fume hood, walking throughout 

lab with uncapped chemicals. 15 

Conducting unauthorized experiments 20 

Failure to conduct experiment or attend lab 20 
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What to Do In Case Of Accident 

1. During your first lab period, locate the position of: fire extinguishers, 

eyewash stations, safety shower, first aid kit, emergency phone, fire alarm 

pull stations, exits and any other safety equipment. 
2. In all cases of accident or injury, immediately notify the TA and the 

instructor. 
3. For any serious fire or injury: Call the NAU POLICE DEPARTMENT (3x3000) 

from any campus phone. Security is in the best position to summon fire or 

ambulance service.  Call the Flagstaff Fire Department (8-774-1414) or dial 

8-911 if Security cannot be reached. Use the FIRE ALARM PULL STAIONS 

(red box by every stairwell entrance) to clear the building of personnel. 

THE LOCAL FIRE ALARM IN THE LAB BUILDING WILL SUMMON HELP BUT STILL 

ALWAYS CONTACT CAMPUS SECURITY FROM A SAFE LOCATION. Students 

should follow the leadership of their lab TA as the building is evacuated if it 

is safe to do so. 
4. In case of a small fire: Immediately get help from your TA or instructor. Fire 

extinguishers are rated for ABC type fires in chemistry where A is 

combustible (paper, etc.), B is flammable liquids, C is electrical, and D is 

combustible metals. Use dry sand for D type fires or a special extinguisher 

rated for these fires. To use an extinguisher remember “PASS”: Pull the pin, 

Aim the hose, Squeeze the handle, and Sweep the base of the flames.  If 

a person's clothing is on fire, they should immediately stop-drop-roll, use 

the safety shower if it is close, or smother the fire with a lab coat or fire 

blanket. Cover beaker fires with a watch glass or larger beaker to remove 

oxygen and put out the fire. Cool minor burns in cold water immediately. 
5. In case of chemical contact: If the area of contact is small, flush it well 

under the nearest water tap for 15 minutes. Eyes must be flushed 

immediately using the eyewash at one of the sinks or the eyewash by the 

safety shower keeping the contaminated eye(s) open. In case of large 

areas of contact, start rinsing the person using the safety shower and 

remove contaminated clothing. After decontamination, the person will be 

taken to a shower room by the prep stockroom where rinsing will continue 

for at least 15 minutes or until EMS arrives if called. Immediately inform the 

instructor or TA in any case. 
6. Chemical spill: If only a few drop of chemical are spilled, immediately 

clean up the material with a damp sponge and rinse out the sponge well 

at a sink and wipe down the area a second time with the rinsed out 

sponge. In case of a larger chemical spill immediately notify your TA and 

ask for help. Sodium bicarbonate (baking soda) can be used to neutralize 

acid spills. If the substance spilled is flammable, turn off all burners, hot 

plates, or electrical devices and get help from your TA. For large spills 

notify the instructor, the laboratory manager, or the stockroom manager. 

Clean-up materials are available in the lab or stockroom. 
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7. In case of mercury spillage: To dispose of this hazardous material properly, 

notify your TA immediately and they will collect the mercury using a 

special spill kit. 

 

Hazardous Waste Disposal and Reagent Handling 

            The Resource Conservation and Recovery Act (RCRA) mandates the proper 

disposal of hazardous waste. Disposal of many waste chemicals by putting them down 

the sink is now illegal. Regardless of regulations, the proper management of hazardous 

waste is of particular importance to the people of Arizona where the contamination of 

groundwater by hazardous waste could have grave consequences. Please carefully 

follow the instructions below to protect our groundwater and keep your lab safe. 

Hazardous waste is determined by four properties: 

TOXIC: A poisonous substance, potentially harmful to human health, can cause cancer 

or birth defects, or can contaminate, harm or kill wildlife. 

FLAMMABLE: substances, which can explode, ignite, or emit toxic gases or fumes if 

exposed to a source of ignition. 

REACTIVE: An unstable substance which can react spontaneously if exposed to heat, 

shock, air, or water. Reactions may include fires or explosions. The research director or 

instructor for the lab must neutralize any reactive substance before it can be accepted 

for disposal.  

CORROSIVE: A substance that could corrode storage containers or damage human 

tissue upon contact. (For example, acids and bases, pH <4 or >10) 

 Chemical waste that does not fit into the above categories may be flushed 

down the drain with large amounts of water. The instructor or TA must be consulted if 

there is uncertainty with regard to the collection of a chemical waste. 

All waste bottles are labeled and color-coded with tape. The label will include 

an experiment number and a hazardous waste description that will help you decide 

which bottles to put your waste into. Find the correct waste bottle for your experiment 

number and for the type of chemical waste you have; make sure the description of the 

composition fits the waste you are adding to the bottle. Using the wrong waste bottle 

could create a safety hazard and will be treated as a safety violation. The following 

table should help. Some nonhazardous chemical waste from experiments you do may 

be put down the drain. Avoid using cup sinks or water troughs to dispose of chemicals, 

instead use large sinks in the lab. Acidic or basic used chemicals (pH <4 or >10) will be 

disposed of by neutralization in a fume hood. Waste bottles may also be color-coded 

using the following scheme: 
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Blue Health hazard, poison  

  Red  Flammable hazard, organic liquid 

  Yellow Reactivity hazard (strong oxidizers, etc.) 

  White Contact hazard, corrosive 

  Orange  Low hazard materials with hazard codes of 2 or less 

 

The liquids, solids, and solutions used in a laboratory are called reagents. You 

must become well acquainted with these reagents, their containers, and their proper 

use. The reagents are kept on a separate bench away from your work area.  Some 

reagents, such as flammable liquids must be kept in the fume hood because it 

generates flammable fumes. The reagents are put out need for each experiment, 

starting with Experiment 1 and ending with Experiment 7. When you need a reagent 

please follow these rules: 

1. Be sure to use the correct reagent, especially noting the concentration. 

Find the reagent, check the concentration, and then carefully read the 

label again to be sure you have the right one. Note the hazard code and 

take necessary precautions. 

2. Use the reagent at the reagent bench. Do not take the reagent container 

to your work area. 

3. Please conserve and take only what you need. 

4. Do not contaminate the reagents. Always use a clean spatula for solids 

and clean glassware for liquids. Never put a pipet or pipettor into a liquid 

reagent, instead pour what is needed into a clean, dry container and 

take it to your work area. 

5. NEVER return unused reagents, liquid or solid, to the reagent 

bottles. Discard or share any excess.  

6. Put lids back on the reagent containers snugly and put back in correct 

locations. 

7. Clean up any reagent you spill with a wet sponge, rinse out the sponge at 

the sink, and then wash your hands. 

8. Use great care with corrosive chemicals (strongly acidic or basic 

solutions). Always wear safety goggles! Rinse your hands with tap water 

after using corrosive chemicals, especially if you feel a burning or slimy 

sensation on your skin. Wear the gloves provided in the laboratory if called 

for. Most strong acids and bases will be disposed of as a “Corrosive 

Liquids” in the hood as noted in experimental procedures unless the used 

chemical has other hazard properties. 

9. Avoid using cup sinks to dispose of nonhazardous chemicals, instead use 

large sinks available in the lab. Be sure to follow the instructions in the 

experiments with regard to the disposal of chemicals. 

10. Wash all glassware that you use. Often all that is needed is to rinse well 

with hot tap water 4 or 5 times. If the glassware is really dirty use detergent 
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or simple green, then rinse hot tap water. Rinse all glassware with RO 

water (use RO rinse tube if one is available in your lab). Test tubes, pipets, 

buret, and volumetric flask should also be rinsed with a small amount of 

fresh RO water before storage. Fill your plastic wash bottle with RO water 

for doing this. You do not need to dry the inside of glassware. Never store 

dirty glassware! 

11. Hot objects can damage the lab bench surface. Never put hot objects 

on the bench top, instead place hot objects on the ring stand base or 

white hot pads provided. 

12. Flammable or volatile chemicals must always be used in a fume hood. 

Stopper containers containing them when transporting them outside fume 

hoods. Rinse out glassware used to work with these chemicals in the waste 

hood before washing them in the sink. 

13. At the end of every lab period you must clean your workstation bench 

space, hood space, and any area you used by wiping it down with a 

clean, damp sponge. Rinse out and wring out the sponge when you are 

done. Your workstation drawer must be neat and complete with clean 

equipment. Your locker must have no extra equipment.  

 

Data Recording 

It is important to take data and report answers such that both the one doing the 

experiment and the reader of the reported results know how precise the final answer is. 

The simplest, way of expressing this precision is by using the concept of significant 

figures where a significant figure is any digit that contributes to the accuracy of an 

experimentally measured number or to a number calculated from experimentally 

measured numbers. Please refer to your general chemistry textbook for a discussion of 

the use of significant figures. A larger number of significant figures can and should be 

carried when you are using a volumetric pipet or flask, pipettor, or buret than when you 

are using a beaker, Erlenmeyer flask, or graduated cylinder. Different equipment in the 

laboratory is used to achieve different levels of precision. For example, the volume of a 

liquid sample can be measured using different types of glassware, some of which are 

more precise than others.  This is shown in the following table. 

  
Glassware Precision of Volume Measurment 

250 mL Beaker ±10 mL 
25 mL graduated cylinder ±0.2 mL 
10 mL measuring pipet (Mohr) ±0.05 mL 
25 mL buret ±0.02 mL 
5 mL, 10 mL volumetric pipet ±0.01 mL 
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When an approximate volume is needed, a beaker or graduated cylinder will be 

used, but when an accurate volume is needed, a pipet or buret will be specified for 

use. Recognizing when to make an accurate measurement and when to be satisfied 

with an approximate measurement can save much time. Frequently, the written 

directions will give clues to the needed precision by using the words "approximately" or 

"about" when the precision is not important and "exactly" or "precisely" when the 

precision is important. Another clue would be the number of significant figures used to 

write a number. For example, a volume of 10.00 mL would require the use of a 10 mL 

volumetric pipet or pipettor to measure the desired volume. On the other hand, a 

volume expressed as “about 10 mL” would require only a small beaker or graduated 

cylinder to measure the volume. It is also important to note that glassware used for 

accurate measurements is calibrated at a specific temperature, which is noted on the 

glassware. 

When a measurement is made, the question arises: "How many digits or figures 

should be recorded?"  The answer is straightforward:  For a measured number record all 

digits, which are known with certainty, and the last digit, which is estimated. Many of 

the measurements in this course involve the estimation to the nearest one-fifth or one-

tenth of a scale marking. For example, in Experiment 5 a 25 mL graduated cylinder, 

which has scale markings every 0.5 mL, should be read to the nearest 0.1 mL, estimation 

to the nearest one-fifth of a division. The graduated cylinder does not need to be used 

to this accuracy at all times: 

NOTE: Whenever estimation between markings is being done and the reading is 

"on the mark," the last digit should be included to convey the idea of accuracy to the 

reader.  For example, with a buret, which has markings every 0.1 mL, a reading on the 

mark of 11.3 mL would be recorded as 11.30 mL; otherwise, the reader will not know 

that the buret was really read to the nearest 0.01 mL. 

Rules for determining significant figures 

1. All measurements should be recorded to the appropriate number of digits 

as discussed in this section on recording experimental data. 

2. The position of the decimal point is ignored in counting the number of 

significant figures. 

3. All digits that are nonzero are always significant. 

4. Zeros may or may not be significant. Any zero to the left of the first non-

zero digit is never significant (Ex: 0.0256 has 3 significant figures because 

neither zero is significant). 

a. Any zero to the right of the first non-zero digit is always significant if 

there is a decimal point (2.5070 has 5 significant figures since both zeros 

are significant). 

b. If there is no decimal point, zeros to the right of non-zero digits are 

significant unless it is stated otherwise (the number 25000 has 5 

significant figures unless some other precision is stated, such as 25000 ± 

100). Numbers with "trailing" zeros (zeros to the right of all other digits) 

should be written in standard exponential form to remove questions 

(2.50 x 104 has 3 significant figures; 2.5000 x 104 has 5 significant figures). 
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c. A zero that is left of an implied decimal and left of any non-zero is 

ambiguous. 

 i. Ten dozen eggs is equal to 120 eggs (3 sig. figs.) 

 ii. The population of Earth in 2014 is 7,200,000,000 (2 sig. figs.)  

 

Reporting Answers in Addition and Subtraction 

When experimental data have been recorded correctly, the uncertain or esti-

mated digit is the last digit. The calculated sum or difference of experimental 

measurements must be carried out only to the place where the first digit of uncertainty 

enters the calculation.   

Example: Add 14.75, 1.475, and .001475 (all of which are experimental numbers). 

The digits of uncertainty are underlined. 

  

 Since the answer may include only the first digit of uncertainty, the answer should 

be rounded off to that digit and reported as 16.23. It helps to line the numbers up by 

the decimal point. 

Reporting Answers in Multiplication and/or Division 

In multiplication and/or division, the answer should be reported to the same 

number of significant figures as the value in the computation with the least 

number of significant figures. 

Example: Find the answer to the following multiplication/division problem to the 

correct number of significant figures. 

 

 0.085 has 2 significant figures; 0.08206 has 4; 366 has 3; and 0.782 has 3. A 

calculator shows the answer to be 22.989865. The correct answer should be reported as 

23 since the factor with the fewest significant figures since the factor with the fewest 

significant figures is 2. 
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Data Interpretation 

            Significant figures are excellent to express the precision of raw data but not 

always so good to express the precision of calculated values. As a general rule in this 

laboratory course you should always use at least four significant figures for calculated 

values to avoid rounding errors. Once the final answer is calculated, it can be 

expressed using correct significant figures. In order to interpret how good your results 

are, certain terms need to be understood. You will need to understand the following 

definitions. 

1. Accuracy: The term "accuracy" describes the nearness of a measurement to its 

accepted or true value. In CHM 151L, the accuracy of your work becomes 

known when your unknown is graded. A PASS grade indicates good accuracy, a 

PARTIAL CREDIT grade indicates marginal accuracy, and a REPEAT grade 

indicates that your results had poor accuracy. 

2. Precision: The term "precision" describes the "reproducibility" of results. It can be 

defined as the agreement between the numerical values of two or more 

measurements that have been made in an identical fashion. Good precision 

does not necessarily mean that a result is accurate. 

3. Range: The "range" is one of several ways of describing the precision of a series 

of measurements. The range is simply the difference between the lowest (or 

lower) and the highest (or higher) of the values reported. As the range becomes 

smaller, the precision becomes better.  

 Example:  Find the range of 10.06, 10.38, 10.08, and 10.12.  

 Range = 10.38 – 10.06 = 0.32 

4. Mean:  The "mean" or "average" is the numerical value obtained by 

dividing the sum of a set of repeated measurements by the # of individual 

results in the set. 

            Example: Find the mean of 10.06, 10.38, 10.08 and 10.12 

 

  (Note that the value 10.38, which is far greater than the other values, has a large 

 influence on the mean, which is larger than three out of the 4 individual values.) 

5. Median:  The "median" of a set is that value about which all others are 

equally distributed, half being numerically greater and half being 

numerically smaller.  If the set has an odd number of measurements, 

selection of the median may be made directly.   (Example:  the median of 

7.9, 8.6, 7.7, 8.0 and 7.8 is 7.9, the "middle" of the five).  For an even 

number, the average of the central pair is taken as the median 
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(Example:  the median of 10.06, 10.38, 10.08, and 10.12 is 10.10--the 

average of the middle pair of 10.08 and 10.12).  Notice in the example 

that the median is not influenced much by the value 10.38, which differs 

greatly from the other three values.  For this reason, the median is usually 

better to use in reporting results than the mean for small data sets. 

6. Error:  The absolute error of an experimental value is the difference 

between it and the true value. For example if the experimental value is 

30.9 and the true value is 26.5, the error would be 30.9–26.5 or 4.4.  

7. Relative percent error: would be the error divided by the true value times 

100:  (4.4/26.5)x100%=16.6% or 17%. 

  

Note:   In CHM 235L you should use at least 3 significant figures to avoid rounding errors.  
 

Additions to the CHM235L manual not found in above lab manual 

Many responses produced in CHM235L are not based on the accuracy but the correct 

identification of unknowns; there is not an acceptable range which the answer exists 

but a correct or incorrect response from possible unknowns.  

Correct responses are based on the data collected in lab falling within an acceptable 

range which is used to produce a positive identification of unknown molecules. Data 

collected from melting point, chromatography, and spectroscopy. 
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EXPERIMENT 1 – MELTING POINT 

Introduction 

 The melting point of a substance is the temperature at which a phase transition 

from a solid to a liquid occurs. This is a physical property that can be used to determine 

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 in the laboratory. Solid 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 broader in the latter. This identifica-

tion/confirmation procedure is referred to as a mixed-melting point determination. 
  

Melting Point Determination 

Melting points will be determined by using a DigiMelt, melting point apparatus 

(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 (open end up!) down a section of glass tubing (see 

TA) to lightly 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 

open end up. 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. 
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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 to 10 degrees below the temperature at 

which your sample first began to melt.  

 

Figure 1.1: DigiMelt apparatus. Melting point capillary tubes are placed open end up 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 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 just begin to look wet (solid begins to 

melt) and the temperature at which the substance becomes a clear liquid with no solid 

material remaining. This is the melting range. The DigiMelt provides 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 
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to be identical to those listed in the Table 1.1. 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: After you have read the experiment thoroughly, answer the prelab 

questions at the end of this write-up on in lab notebook as part of your notebook grade. 

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 maintaining a laboratory 

notebook in the introduction section of the laboratory manual. All data, calculations, 

observations, and conclusions must 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 other chemicals in the table below. Use the same DigiMelt for all your work. 

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

“Waste Organic Solids” container. Used capillary tubes should be disposed of in the 

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

toxic. Wear gloves throughout the experiment and wash your hands when experimental 

work is completed. 
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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 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 

Objective: 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. To clean and dry, wash the 

mortar and pestle with soap and water, rinse with tap water, distilled water and 

acetone in hood. Place in an oven to thoroughly 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. 
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Melting Point Identification of Unknown 

Obtain an unknown organic solid from your instructor or TA. Document the 

identification number in your lab notebook as well as the “blue book” provided. Be sure 

to document the code: MP#### and not the Baker hazard code which is also a 4 digit 

code.  

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 starting at 70 oC ranging up to 210 oC) and then doing a slow, careful melting 

range with the second capillary tube you prepared (use a ramp of 2 oC/min starting 

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 

suspect compound’s melting range before doing a slow melting point range. Run 

cinnamic acid again with the unknown if the calibration was off. 

Using the melting ranges listed in Table 1.1, suggest 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 than the slow run done with the pure unknown. Record all of your results first in 

your lab notebook and then transpose 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. 
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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. 
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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. 
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EXPERIMENT 2: DISTILLATION AND GAS CHROMATOGRAPHY 

Objective 

            In this experiment, a mixture of cyclohexane and toluene will separated by a simple 

and fractional distillation. Gas chromatography is used to analyze percent composition of 

samples to determine the effectiveness of these distillation methods. 

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.  A 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 (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.  
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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 this 

vapor mixture is gradually higher than that of the previous 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.  

Analysis: 

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 is conducted 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. 
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Other Equipment: Gas chromatograph. 

Chemicals: 50 mL of a 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 ignition sources 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 flasks. 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. Never 

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 as shown in Fig 1 of the 

appendix. Gently place the flask with the distilland, the liquid to be distilled, inside the 

heating mantel. One or two boiling stones are put in the flask to promote even boiling. 

Without boiling stones, bumping and superheating can occur. 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 joint. Student glassware is listed as 19/22. Air is 

eliminated and the joint will appear almost transparent. While distillation is occurring, 

check for vapor leaks at these joints. Excess use of grease will contaminate the product.  

 Water is circulated through the outer jacket of the condensing column; it enters 

the condenser at the lower nipple on the condensing column (closest to receiving flask) 

and exits through the upper nipple. 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. Submersible recirculating pumps are used in combination 

with an ice bath. 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.  



46 
 

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)olts and then backing off to 

50 V as needed. Adjust the heating mantel until the distillate is collected at a rate near 

1 drop per second. Record both the temperature and the volume of distillate at regular 

intervals to plot graphically later. Take a close capped sample for GC analysis in a 

clean dry vial after 3 mL or more of distillate have been collected. 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 cyclohexane 

stops distilling over and toluene begins. 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 simply by turning the power off to the heating mantle. Never 

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

sample collected. Make any thermometer correction as necessary and in your lab 

notebook, plot boiling point vs. total volume of distillate collected as shown in figure 5 

of the appendix. Graph using Excel or Graphical Analysis. 

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 

 Plot of volume vs temperature for both the simple and fractional distillation (if 

available).  

 Gas Chromatographs taken: Percent composition. 

 Calculations showing the percent composition of toluene and cyclohexane in 

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

 A written paragraph interpreting the distillation plots and GC data. Compare the 

effectiveness of the two types of distillations. 
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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.    Describe the differences 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?   
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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 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. Once 

isolated, each component of the mixture can then be purified and subsequently 

identified. The possible unknown compounds are listed in tables 3.1 and 3.2. 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 reacts with a base such as sodium hydroxide to form a water 

soluble carboxylate anion. The organic neutral molecule does not react in the 

presence of hydroxide, keeping it a water insoluble compound.  

 Carboxylic acids are compounds which include one or more carboxyl functional 

groups (Fig 3.1). A functional group can be defined as an atom or group of atoms in a 

definite structural arrangement that tends to influence the properties of an organic 

compound. The carboxyl group, often written as COOH, 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 infrared spectrometry 

and the carboxylic acid via mixed melting point range as in experiment 1. 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.  
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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 

 

Acid Neutralization: 

 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 (Figure 

3.2). 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 of the organic acid from water insoluble to water soluble. We can take 

advantage of this change in property when separating the acid from the mixture. 
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R OH

O

+ OH
-

R O

O

-

+ OH2

 

Figure 3.2: 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 

   

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. Tert-butyl methyl ether (TBME) is used as the organic 

solvent and the polar aqueous layer will be a 5% NaOH solution. 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. Shaking the two layers reacts the hydroxide with the carboxylic acid in the 

mixture to form the water soluble carboxylate anion (Figure 3.2). 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 distinct layers are then separated into two fractions by 

draining the lower, aqueous layer.  
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            The two phases 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. The TBME layer will separate and rise on top of 

the aqueous layer. 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 

all of 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 extracted once more with deionized 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. Even trace contamination of the carboxylic 

acid in the organic neutral will produce interference when collecting an IR spectrum 

making it difficult to determine the identity of the neutral unknown. 

Compound Purification 

            Once the two components have been isolated, we must further purify them 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 is precipitated 

from the sodium hydroxide extract by adding an excess of hydrochloric acid (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. 

Precipitation of Carboxylic Acid  

            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 

(Figure 3.3). 

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

Figure 3.3: Hydroxide Reacts with hydrochloric acid. 
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After excess hydroxide ion has been consumed, the carboxylate anion reacts to yield 

the original acid (Figure 3.4). 

R OH

O

+ OH2R O

O

-

+ OH3

+

 

Figure 3.4: Carboxylate protonates in the presence of acid reforming the carboxylic acid. 

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

precipitate. 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. A solid 

which forms rapidly is not very pure because impurities are easily introduced into the 

crystal lattice structure; the carboxylic acid requires recrystallization for further 

purification. 

Purification of the Neutral Compound 

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

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

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

which has a characteristically higher boiling point than that of TBME which has a boiling 

point of 55 oC.  Simple distillation will then be used to remove the TBME from the neutral 

compound which will be recycled for future students. A "rotary evaporator" is then used 

to remove trace 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 is identified by melting point and mixed melting point 

analysis while the neutral compound will be identified by infrared spectrometry. Read 

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

PRELAB ASSIGNMENT: Review information on acid-base chemistry, 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! 
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Experimental Procedure Flowchart 
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Glassware and Equipment:  

Week One: 2 to 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.  

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 graded report sheet! 
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Experimental 

Extractions:  

1. Dispense 60 ml of TBME from the wall hood in an Erlenmeyer flask, stopper 

and 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, eyes & inhalation. 

Conduct all laboratory work in a fume hood. In case of contact case notify instructor 

and wash area thoroughly with water. Keep these compounds away from open flames. 

Wear goggles & gloves at all times. Never move throughout the lab with an uncapped 

container! 

2. Transfer the entire contents of your 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 two layers to separate. 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, ask your 

TA/instructor for assistance and then add 5 ml of 5% NaOH, shake 

vigorously, let settle and repeat until dissolved. Enter the quantities 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 
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new unknown obtained from the prep stockroom (216) only with the 

consent of your instructor. 

4.        Most of the unknown carboxylic acid has been extracted from the upper, 

organic layer into the lower, aqueous layer. Save the aqueous extract and 

extract the organic layer a second time with NaOH (aq). If you are not sure 

which layer is organic, consider the densities of both solvents. A simple trick is to 

add a few drops of distilled water to your separatory funnel and observe which 

layer the water settles into. 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 done before. 

6.             Drain the aqueous layer and combine 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 a different E. flask until you are 

ready to start your distillation. Add roughly 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. Make sure this container is labeled with the components, 

your name and section letter. 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. 
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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. In case of contact, flush well with water and notify the 

TA or instructor. 

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

precipitation, simultaneously chilling distilled water. 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”. (If you do save the 

filtrate, do not combine the impure filtrate crystals with the more pure crystals 

collected in the Büchner funnel. 

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 at a rate of about 1 to 2 

mL squirts every 10 seconds until all solid has dissolved. Adding too little ethanol 

or adding ethanol too slowly means the acid will not fully dissolve. Adding too 

much ethanol will inhibit recrystallization.  

     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.            
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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 and allow 

them to air dry until the next lab period; alternatively, 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 during the next lab period to get the mass of the acid crystals.  

Stop here until the next lab period! 

 

Isolation of Organic Neutral 

           Water is possible contaminant. 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 isolated 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.             

 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 
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obfuscating the interpretation. TBME can contribute to the spectrum if not completely 

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

distillation (using a rotary evaporator), you will obtain a very pure neutral compound for 

infrared analysis.  

Simple Distillation 

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

distillation. Refer to the Appendix (fig. 1), for simple distillation apparatus set up and 

read the information on distillation procedures for a more thorough background. 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. Why would you see a temperature drop after TBME has distilled? 

            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".  Put nothing else in this bottle! Now a rotary evaporator will be used to remove 

residual TBME from your unknown neutral compound. Your TA or instructor will then help 

you to remove the remaining residual TBME using a rotary evaporator. The liquid 

remaining should be the purified, neutral compound. Measure the volume of this liquid 

in milliliters and calculate % of TBME recovered based on the volume collected.  
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Unknown Identification 

Neutral Organic Unknown by Infrared Analysis 

            Obtain an infrared spectrum of your pure, liquid neutral compound by pipetting 

a drop or two of your sample on clean and dry salt plates. Tape your IR spectrum in 

your lab manual immediately. Use this spectrum to determine the functional groups 

present in the neutral unknown and identify those functional groups not present in order 

to identify the unknown as one of the possible compounds listed in Table 3.1. Use Table 

3 of the appendix to assist in interpreting your IR Spectrum. Your correct identification of 

the neutral unknown is assessed on an unknown report sheet which is submitted to your 

TA at the end of your lab period. 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 dried, unknown carboxylic acid collected and then 

measure its 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 as performed in experiment 1. Remember to always report a melting range 

with the initial temperature at which liquid is first observed and the final temperature at 

which the solid disappears and the sample is completely liquefied. After get obtain an 

accurate melting point ranger, 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". 
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Experiment 3 – 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? 
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ORGANIC SEPARATIONS - EXPERIMENT 3 

CHM 235L REPORT SHEET FOR UNKNOWN ID-XXXX 
 

Student’s Name    ____________________________        Dana ID_________  

Unknown #________            Section Letter__________  

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__________      

Turn in this completed report sheet to your TA before the end of lab. 
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EXPERIMENT 4 - SYNTHESIS OF ISOPENTYL ACETATE 

Objective 

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

(banana oil) are the objectives of this experiment. 

Introduction 

 In this experiment an organic acid is refluxed with an alcohol, making an ester 

via an acid catalyzed, Fischer esterification reaction. The product is 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 exist in equilibrium. 

 

 Figure 4.1: Acid catalyzed Fischer esterification forming isopentyl acetate. 

 Boiling point and infrared spectrometry are used for product characterization. 

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

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

compared to sea level. 

 Table 4.1: Properties of reagents and products. 

Compound B.P. (oC) D (g/mL) M.W. (g/mol) 

Acetic acid 118 1.053 60.05 

Isopentyl alcohol 114 0.813 88.15 

Isopentyl acetate 142 0.876 130.18 

 

EXPERIMENTAL PROCEDURE 

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

Study the lab techniques: Distillation, reflux, liquid-liquid extraction, and infrared 

spectrometry in the appendix. Answer the prelab questions at the end of this 

experiment. Work individually on this experiment.  
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Glassware and Materials 

Week 1: Reflux  

Condensing 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 250 mL round bottom flasks (preweighed 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 (Infrared Spectrometer) 

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), 1-2 g 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 residual 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". 

WARNING! Exercise caution to avoid contact with concentrated sulfuric acid (3034) 

and glacial acetic acid (2223). They will cause severe 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. Attend to 

chemical contacts first and then clean up all spills immediately after. 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 ignition sources such 

as a Bunsen burner flame; only work with these chemicals in a fume hood to control 

release of vapors into the lab. Always keep containers with chemicals stoppered and 
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rinse glassware with acetone in hood before washing at the sinks to avoid release of 

fumes into the lab or the local sewer system. 

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 thicker 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 wear goggles and gloves while dispensing. 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 instructor or TA approval of your reflux 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. A condensation ring will be present in the 

condensing column. 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 pea sized 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, 34 g/100 mL water) and pour the 

rinsing through the funnel/glass wool filter, 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 with 

stopper for ester). Weigh the flask-stopper containing the organic ester layer and 

calculate the mass of ester collected. Discard the aqueous layer in the other flask into 

the waste bottle labeled “Aqueous Waste”. Rinse the funnel and empty flask with 

acetone into this waste bottle. In a wall hood place the used glass wool in waste 

container labeled “Solid Waste”.  
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Neutralization of the residual acid in the ester: The crude ester in the organic layer 

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

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

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

Figure 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 build-up 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 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 lower, aqueous 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 in 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 crude ester after neutralization. Add 1 to 2 g of anhydrous sodium 

sulfate 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. 

 

Note: This is a good stopping point for day 1 of the experiment. 

 To remove trace ester and other organics, rinse all glassware that came in 

contact with the ester with small amounts of acetone in a fume hood 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. 
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Na2SO4  +  10H2O  →  Na2SO4•10H2O 

Figure 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 separate the sodium sulfate from the ester. 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; document this in your lab notebook.  

Simple Distillation 

To prevent superheating Add about 3-5 boiling chips to the round bottom 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 but 

not "blown dry" by the relatively dirty compressed air piped into the fume hoods. 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 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.  
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 Monitor the 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 (IR) spectrum of your product. Isopentyl Acetate may be 

disposed of in the “Waste Acetone” waste bottle. 
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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 

(write the two reactions)? 

3.  When distilling, 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? 

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.   Explain why it difficult to obtain a 100% yield in the acid catalyzed esterification 

reaction? 

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? 
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Experiment 5: Alcohol Dehydration of Menthol 

Objective: 

 

 To demonstrate the students ability to accurately perform an alcohol 

dehydration of menthol via fractional distillation. Students will be expected to 

provide a pure sample of the product to be evaluated with infrared 

spectroscopy (IR) and gas chromatography (GC).  

 

Introduction: 

 

 An acid catalyzed dehydration of a secondary or tertiary alcohol most 

commonly follows an E1 elimination reaction mechanism. The strong acid 

catalyst and high temperatures are necessary for the reaction to proceed; 

without the catalyst the reaction would not occur. The structure of the alcohols 

undergoing dehydration, play an important role in determining the proper acid 

concentration and temperature required to promote the reaction. The relative 

ease with which alcohols undergo dehydration is related to the order of their 

structure: 3°>2°>1°. A tertiary carbocation is more stable than a secondary 

carbocation, which is in turn more stable than a primary carbocation due to 

hyper conjugation; where neighboring occupied orbitals interact with the 

-orbital of the carbocation and stabilize the positive charge in the 

carbocation.  

  

 

 

 

 

 

 

Figure 5.1: Alcohol dehydration of cyclohexanol. 

 

Traditionally, cyclohexanol was used as a secondary alcohol to synthesize 

cyclohexene in high yield. Unfortunately, both cyclohexanol and cyclohexene 

are highly flammable liquids and cyclohexanol is a suspect carcinogen. In an 

effort to reduce the hazards of the experiment, menthol, another secondary 

alcohol, will be used instead of cyclohexanol. Menthol exists as an inexpensive 

commercially available racemate that significantly lowers the overall NFPA 

health and flammability ratings for the reaction. Though the smell of menthol is 

quite pungent, the low hazard eliminates the need for a chemical fume hood 

making it an acceptable bench top experiment.  

Menthol itself is a flakey unmanageable solid at room temperature. To 

avoid physically manipulating the solid, ethanol was added to the solid making 
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it a viscous liquid at room temperature. The mixture consists of 15% ethanol and 

85% menthol, which will be measured via volume rather than mass. This implies 

that ~15% of the reagent volume will contain ethanol which has a much lower 

boiling point than menthene and should be considered when collecting the 

isolated alkene. 

 

 

 

 

 

 

 

 

 

Figure 5.2: Four stereoisomers of menthol. 

 

 Alcohol dehydration generally requires highly concentrated strong acids 

which are known to be hazardous and extremely caustic.  Traditionally, 

phosphoric acid has been used as a catalyst and has proved to be 

unpredictable when heated. Students commonly experienced harsh fumes as 

well as caustic burns when handling. In an effort to further reduce the hazards of 

the experiment, Amberlyst 15, an ion exchange resin, will be used as the acid 

catalyst in lieu of phosphoric acid. Ion exchange resins are usually small (0.5-

1.0mm in diameter) beads fabricated from organic polymers that have a variety 

of functional groups to support the catalysis of various reactions. Amberlyst 15 

has a sulphonated functional group that acts as a source of protons to aid in 

the dehydration of the alcohol. Ion exchange resins parallel many Green 

Chemistry principles as they are inherently innocuous and can be reused up to 5 

times as well as be re-protonated/recycled for even further use.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.3: Amberlyst 15, sulphonated ion exchange polymer. 
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 In this reaction, the alcohol group in menthol is protonated by the excess 

acidic protons donated by the acid catalyst resin. This provides a much safer 

addition of protons than the concentrated phosphoric acid previously used in 

the experiment. The subsequent dissociation of water initially gives an unstable 

carbocation intermediate located at the 2-carbon position in place of the 

secondary alcohol. 

 

 

 

 

 

 

 

 

Figure 5.4: Menthol’s hydroxyl group attacks the protonated resin catalyst. 

 

 Once the carbocation is formed, the now deprotonated acid catalyst 

acts as a base and can attack the proton of a neighboring carbon. Once the 
proton dissociates to regenerate the catalyst, its electrons form a new π-bond, 

known as an “alkene” between the carbocation and the neighboring carbon. 
This new π-bond can form between either of the adjacent carbons surrounding 

the original carbocation yielding two distinct products shown below: 1-Isopropyl-

4-methyl-cyclohexene (1-menthene) and 1-isopropyl-4-methyl-2-cyclohexene 

(2-menthene). Both can be formed, however, one is more favorable than the 

other. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5.5:  Water attacks and removes a β-proton adjacent to the carbocation 

forming a new π-bond between that β-carbon and the carbocation. 

 

 Zaitzev’s Rule: In an E1 or E2 reaction where multiple constitutional isomers 

can be formed, the more stable alkene is the major product; i.e. the alkene with 

the more highly substituted double bond. In this reaction, the carbon-carbon 

double bond is more favorable between the neighboring tertiary carbon which 
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composes approximately 85% of the product compared to the neighboring 

secondary carbon which makes up less than 15% of the product. 

 

 Though Zaitzev’s rule favors the product formation of a more stable 

alkene, a hydride shift can also occur which will provides one additional isomer. 

After the formation of the carbocation, a 1,2-rearrangement with an adjacent 

carbon’s proton (along with its electrons) migrate the carbocation (Fig. 5.6). 
During this transition, the proton of an β-carbon is partially bonded to both 

carbon atoms by the electron pair with which it migrates and never fully leaves 

the ring. 

 

 

 

 

 

 

 

 

 

 

Figure 5.6: A hydride shift can occur, migrating a neighboring proton to a new 

position relocating the carbocation position to a neighboring carbocation. 

 

 The addition of heat increases the probability of a hydride shift, yielding 

an additional carbocation and allowing the formation of two products by 

Zaitzev’s Rule. Due to its inductive effects, the more stable tertiary alkene can 

be formed with the 3-carbon position rather than the initial 1-carbon position of 

the ring. A third product (1-isopropyl-4-methyl-3-cyclohexene) is formed (Fig. 5.7) 

which occurs in higher yield due to Zaitzev’s Rule. As a result, the alcohol 

dehydration of Menthol produces 3 isomers in varying quantities: 1-menthene, 2-

menthene and 3-menthene. 
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Figure 5.7: The new carbocation allows for the formation of a new π-bond 

between either of the adjacent carbons. 
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 The reaction of menthol to menthene occurs in equilibrium; therefore, 

100% conversion is difficult to achieve. In order to prevent the reaction from 

reverting back to reagents, Le Chateliere’s principle is employed which states: a 

system that experiences stress will shift in order to alleviate said stress. In this case 

the product is isolated from H2O and excess heat is added to the reaction to 

prevent rehydration. The formation of water is the main contaminant in the 

isolation of the alkene and will disrupt IR and GC results; therefore, isolating the 

product is crucial to providing a pure sample. 

 

 This experiment will test your ability to accurately isolate a product using 

fractional distillation while assessing the composition and purity of the collected 

sample. The product purity will be evaluated by IR spectroscopy and Gas 

Chromatography, which will determine the success of the experiment. Your 

grade will be based on your ability to isolate the purest product using the 

knowledge you have acquired from the previous distillations performed in lab. 

 

 

Prelab Preparation: 

• Prepare a concise procedural outline  

• Review alkene synthesis via alcohol dehydration in your lecture text 

• Familiarize yourself with fractional distillation setup (appendix) 

• Understand IR spectrum interpretation (appendix) 

 

Table 5.1: Chemical Hazards 

 

Chemical 
 

Boiling Point  

(°C) ~7000ft 

Flash  

Point 

(°C) 

Density 

(g/mL)  STP 

Molecular 

Mass  

(g/mol) 

Menthol 187 93 0.890 156.27 

Ethanol 79 16 0.789 46.07 

3-Menthene 176 35 0.823 138.25 

2-Menthene 165 48 0.824 138.25 

1-Menthene 174 43 0.822 138.25 

H2O (l) 93 70 1.000 18.02 

 

CAUTION! Menthol can easily permeate through your skin leaving an 

uncomfortable sensitive feeling. Please take proper precautions by using gloves 

and goggles at all times. Both menthol and all three menthene isomers are 

flammable and volatile. Be sure to keep containers stoppered during transport 

between hoods to prevent fumes from escaping into the lab. Make sure all joints 

on the apparatus are tightly sealed to prevent the escape of any product and 

to contain fumes within the apparatus. 
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EXPERIMENTAL PROCEDURES: Day 1 

 

Materials: Timer, 50 mL round bottom flask, 25 mL round bottom flask, 2 push cap 

collection vials, teflon stir bar, stir plate, graduated cylinder, west condenser 

(thin), reflux column (thick), 3-way condenser, vacuum adapter, thermometer, 

thermometer adapter, 2 water circulation tubes,  2 stage stands, 4 stage clips, 

heating mantle. 

 

Chemicals: 12 mL 85% Menthol/EtOH (1301), Amberlyst-15 Dry Resin (1111), 

Na2SO4(1121) 

 

Fractional Distillation:  Set up the fractional distillation as shown in Figure 3 on 

page A-1 of the appendix. Place the receiving flask close enough to the stir 

plate to ensure the control of the stir bar. Arrange stage clips around the neck of 

the 50 mL RBF, body of the fractioning column, the neck of the 25 mL receiving 

flask and at the exhaust of the vacuum connecting tube. All joints must be 

completely sealed to prevent loss of vapor. Connect the circulating tubes to 

direct water “uphill” from the water pump, which should be fully submersed 

under water.  

 

Adding Reagents: Tare a vial on the analytical balance. Weigh ~0.2 ± 0.05 g of 

the Amberlyst 15 Dry Resin into the vial. Transfer the resin to the 50mL round 

bottom flask and reweigh the vial after the transfer step; the difference will be 

the final weight of Amberlyst in the flask. Record your data to the nearest .001g. 

 

Add 12mL of the 85% Menthol/Ethanol mixture into the 50mL RBF and stopper 

the flask while returning to your hood. Carefully place in the magnetic stir bar, 

taking care not to splash any reagents out of the flask. 

TA Check-off: Make sure the water is circulating, stir bar is rotating (~375 rpm) 

and chemicals are added BEFORE asking your TA to approve the apparatus. 

You should have both the graduated cylinder and the 25mL RBF ready before 

beginning. Due to the nature of the solid resin beads, the magnetic stir bar must 

be rotating in order to agitate the resin to prevent unwanted superheating of 

the resin. 

 

Begin Fractional Distillation:  

Your group should closely monitor the reaction time, temperature and 

temperature spikes as the distillation progresses in your lab notebook. It is 

recommended that one person collects data, while the other pays close 

attention to the distillation. 

  Once your TA has approved the apparatus, you and your partner may 

start a timer and begin heating the distillation flask. In order to separate the 

lower boiling distillates from the final product, a “forerun” will be collected in a 

25mL graduated cylinder. Be sure to pay close attention to the temperature of 
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the thermometer as the vapor ring forms in order to determine what distillate is 

coming across. The unwanted distillate will be collected from approximately 

45°C to 65°C within the first 30 minutes of the distillation. When the temperature 

rises above ~65°C switch the receiving cylinder to a 25mL RBF to collect the pure 

product (ensure flask is secured with stage clip). Allow the reaction to continue 

for approximately 1 hour of collection in the 25mL RBF. At the end of the 

distillation, cap and store the 25mL RBF in a labeled beaker and set aside for the 

next lab period. All glassware should be rinsed with Acetone before returning 

them to the lockers. 

 

Waste: 

 After completing the distillation the forerun (collected in the graduated 

cylinder) and excess reagents should be disposed of in “Acetone Waste”. DO 

NOT THROW AWAY THE AMBERLYST RESIN OR THE PRODUCT IN THE 25mL RBF. A 

Buchner funnel and vacuum filter flask will be set up in order to recycle the resin. 

Rinse the Amberlyst with ~5 mL of acetone to remove the resin from the 50 mL 

RBF and pour into Buchner funnel. Notify the TA once the resin beads begin to fill 

up the Buchner funnel to prevent overflowing. 

 

 

EXPERIMENTAL PROCEDURES: Day 2 

 

Isolation and Product Analysis:  

Inspect the 25mL RBF for two distinct layers. Using a Pasteur pipette, 

carefully transfer the top layer (menthene) into a clean, labeled vial. You need 

to have collected at least 1.5mL of pure product. Take care not to collect any 

of the bottom layer, as this will contaminate the sample. Analyze the product 

via IR spectroscopy to determine the identity of your product and Gas 

Chromatography to determine purity. 

 

Waste: 

 All remaining product should be disposed of into “ACETONE WASTE”. 

 

 

Notebook Requirements: 

 

In your group, prepare a Time vs Temperature graph on Excel. Be sure to 

follow general graph guidelines and include a title and labeled axes. Print a 

copy for each group member and paste into your notebook. Below the graph, 

discuss the results and relate them to any observations from the experiment.  
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Questions to keep in mind for conclusion: 

- What time frame was ethanol collected? Water? Menthene? 

   

- How does the vapor temperature help determine the identity of the  

  distillate? Why is the vapor temperature not exact? 

 

- Relate any trends in data to the reaction mechanism for the dehydration 

of an  alcohol. (Hint: What is the secondary product of an alcohol 

dehydration? What other chemicals are present in the initial mixture?)  

 

 

Pre-Lab Questions: 

 

1. Determine the approximate amount (in mL) of Ethanol in 15mL of an 85% 

Menthol/Ethanol Mixture. 

 

2. Why are we performing the dehydration of Menthol instead of 

cyclohexanol? 

 

3. Name 2 ways we will be utilizing Le Chateliere’s principle in this 

experiment? 

 

4. In what order would the following products and reagents distill across: 

Menthol, H2O, Menthene(s), Ethanol.  

 

5. At what range of the IR, in wave numbers, would you expect to find the 

functional groups of pure menthene? What functional groups would you 

expect to see in a contaminated sample? List some possible 

contaminants. 

6. What would happen to the reaction if no Amberlyst15 resin was added to 

the round bottom flask? 

 

7. Which of the 3 potential menthene products would you determine to be 

in excess? Explain your reasoning using Zaitzev’s rule. 

 

8. What should you do with the resin beads after the distillation is complete? 

 

9. Draw 2-methylbutane. With a carbocation on carbon 3, where would a 

new carbocation form if a hydride shift were to occur? 

 

10. What is the advantage of fractional distillation over simple distillation?  
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EXPERIMENT 6: DETERMINING THE REACTION MECHANISM OF A 

CHEMICAL REACTION USING KINETICS 

Objective: 

Determine the mechanism of a substitution reaction by varying reagent concentrations 

and solvent systems.  

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 limiting 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. Most nucleophiles have an unshared pair of 

electrons that can bond with the positive nucleus and nucleophilic ions are usually 

negatively charged anions. The overall stoichiometry of the specific reaction you will 

study is: 

 

Figure 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. 
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This reaction proceeds forward in one of two ways which you will determine 

experimentally: (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. 

 

     Figure 6.2: t-butyl bromide ionizes in solution forming a carbocation and bromide.  

 

Figure 6.3: The carbocation is susceptible to attack by hydroxide forming t-butyl alcohol.  

 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. 

 

Figure 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 
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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 t-butyl bromide will change 

the rate of reaction and so will changing the concentration of hydroxide, since both of 

them are involved in the rate limiting step (the only 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. This is more 

importantly to obtain information on how consistent you are measuring time. 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 varying the 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 transition state for the SN2 mechanism only has one charged 

particle. Therefore, it is reasonable to assume a polar protic solvent like water should be 

much more efficient for conducting this reaction if it proceeds through 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 occur at a faster rate in water than 

in acetone; charged particles are stabilized in a polar protic solvent like water. 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 attached to the 

carbon) and one charged particle in the end (Br-).  
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 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 assist the reaction to 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, 

the second experiment should confirm the results of the first experiment. 

Experimental 

Part One: Experimentally determine 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 will use the acid-base indicator bromophenol blue, which is 

visibly blue at pH>4.6 but turns yellow as the pH drops below 3.0 as indicated by a 

consumption of the hydroxide ion. 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. 
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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. 

Waste: 

 Dispose of used reaction in the “Experiment 6 Waste (48% Acetone, 0.1% t-butyl 

bromide, 52% water)''. Extra 0.0100 M NaOH can be flushed down the drain with excess 

water. 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 are 

an odd number of students, one student can work alone. The calculations and 

report are done individually. 

2.  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 Reagent 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 relatively quick 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 
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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 50.0 mL since all the solutions have a total volume of 50.0 mL when 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 (Use MiVi=VfMf where Vf=50.0 mL and Vi 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 6.1: Formula for determining the reaction rate. 

 To calculate reaction rates for each trial, divide the change in concentration of 

t-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. 
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Part Two: Experimentally determining the effect of solvent polarity on the reaction rate. 

Background: 

In each of the four runs below, you will change the percent, or fraction, of 

acetone in the reaction mixture. Since water is a much more polar solvent than 

acetone, the assumption is that a mixture of water and acetone will have 

characteristics in between the two solvents which will vary depending on the 

percentage of each. 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 table format shown below. 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 the 

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 
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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 20.0 mL to 

a final total volume of 50.0 mL. 

To calculate the percent acetone in each reaction mixture, divide the amount 

of acetone in the mixture by the total volume and multiply this fraction by 100%. Be sure 

to include the volume of acetone in the t-butyl bromide solution. 

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. 
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Part I questions to be addressed in the discussion: 

1. Based on your data and calculations, does changing the concentration of tertiary 

butyl bromide initially present in the reaction mixture cause the reaction rate to 

change?  

 

2. Again, based on your data and calculations, does changing the initial concentration 

of hydroxide cause the reaction rate 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-]? That is; is the rate dependent on t-butyl bromide alone or both 

reagents? Be sure to explain how your data support your answer. 

 

4. Does this reaction follow an SN1 or SN2 mechanism? 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: 

1.  Based on your data and calculations, does solvent polarity affect the rate of the 

reaction? Explain well with reasoning. 

  

2.  Given your answer to question 1, above, do the data of this experiment indicate that 

the reaction mechanism is SN1 or SN2? Give your reasoning. 

  

3.  Do the results of part two agree with the results of part 1? 
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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 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•sec) 

R = 6.3x10-3 mol/(L•sec) 

R = 1.0x10-2 mol/(L•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? 
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Experiment 7: Thin Layer Chromatography of Analgesics and 

Amino Acids 

Objective 

 Determine the ideal solvent system to separate commercial analgesics. Identify 

the composition of an unknown mixture of amino acids. 

Introduction 
            Analgesics such as acetylsalicylic acid (AA), acetaminophen (Ac), ibuprofen (I), 

and naproxen (N) 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 caused by these analgesics. Caffeine is the most widely used 

stimulant. 

 

 Figure 7.1: Structures of compounds separated in this experiment. 

 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 is used to test for the presence of 

analgesics in a commercial product of unknown origin.  

            Amino acids are the building blocks of proteins which 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. 
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Figure 7.2: General amino acid structure; variations in the R group make amino acids unique. 

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 amino 

acids 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.  
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Figure 7.4: Formation of dipeptide between amino acids.  

 The new bond formed between the carbonyl carbon atom and amino nitrogen 

atom is a peptide bond and amino acids bonded together in this manner are called 

peptides. Two or more amino acids bonded together are referred to as polypeptides; 

after about fifty amino acids, a polypeptide is referred to as a protein. One protein called 

Titan consists of over 34,350 amino acids and is the largest identified to date. The 

properties possessed by a protein depend upon its size (i.e., the number of amino acids 

present), which specific 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 a mixture of amino acids will be tested to determine if 

alanine, leucine, valine, aspartic acid, phenylalanine and/or histidine are present. Thin-

layer chromatography (TLC) 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. Be aware that your specific unknown may contain the 

same amino acid twice! 

O

O NH2

OH

O

NH

O

 

Figure 7.5: Aspartame molecule  

            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, opposition 

to approval by the Food and Drug Administration (FDA) claimed that aspartame used as 

a sweetener in food products would be capable of hydrolyzing during storage and 

digestion creating a possible health hazard. The FDA ruled that aspartame was stable 

enough and approved its use in food products.  
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Thin-Layer Chromatography (TLC) 

            Thin-layer chromatography is a sensitive, fast, simple and inexpensive analytical 

technique used to measure the makeup of a sample mixture, or determine compound 

purity; 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 7.6: 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 analyte sample 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 (Al2O3) is 

another stationary phase better for less polar compounds. 

            The spotted plate is then developed by placing it on end in a developing 

chamber with an appropriate 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), and the 

stationary phase. Materials that more closely match the polarity of the eluting solvent 
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will travel further than those that more closely resemble the polarity of the stationary 

phase. As with compound solubility, the rule “like attracts like” applies here. 

 With the portion of the experiment where we analyze the analgesics, we vary 

the percent composition of the two eluents used: ethyl acetate and hexane to 

determine the best % combination for ideal separation of analgesics; that is, the largest 

differences in Rf values. A different solvent will be used as the mobile phase to develop 

or separate the amino acids.  

            The spots are visualized using an ultraviolet (UV) light for the analgesics while the 

amino acids will be stained with a ninhydrin spray which reacts with amino acids to form 

a purple-colored complex. Iodine vapor can be used to visualize spots in some cases; it 

is however, extremely destructive to the tissue of mucous membranes and the upper 

respiratory tract. 

OH

OH

O

O

O

O

O

+ H
2
O

- H
2
O

 

Figure 7.7: 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 7.8: Ninhydrin reacts with amino acids to form a purple colored molecule. 

To correctly identify components of the unknown mixture, compare 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 or simply referred to 

as the Rf value. 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 likely change if a 
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different eluent or stationary phase is used. To calculate the Rf value, first measure the 

distance that the middle of the spot traveled from the spotting line and divide this value 

by the distance that the solvent front traveled directly above that particular spot from 

the spotting line.   

 

Equation 7.1: Formula to calculate Rf value 

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: Common Solvents and their relative polarity. 

Name Structure  

cyclohexane 
 

Least Polar 

hexane    

toluene 

 

  

dichloromethane CH2Cl2   

ethyl acetate 
O

O

 

  

1-butanol OH 
  

ethanol OH   

methanol CH3OH   

water H2O Most Polar 
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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
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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).  

3.    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: 

4.    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. 

5     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.   

6.    Remove the plate when the solvent has moved far enough and mark the solvent front 

with a pencil line.  

7.    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).   

8.    Place the used TLC solvent in the container labeled “Acetone Waste” located in the 

hood. 
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Visualizing:      

9.    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. 

10. 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 tube 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.   
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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. 
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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. 
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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 

Chemistry: A Miniscale Approach.  Saunders College Publishing, New York. 

© 1997. P. 57. 

[2] Williamson, Kenneth L.  Macroscale and Microscale Organic Experiments, 2nd  
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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 
            

Rf Value 

Caffeine 
            

Acetylsalicylic Acid 
            

Acetaminophen 
            

Ibuprofen 
            

Naproxen 
            

Phenacetin 
            

*About 1% Acetic Acid in each solvent. 
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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: 
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1st NOTEBOOK GRADING (CHM235L) 

NAME_____________________ SECTION LETTER______DATE_____ 

Points 

Possible 
Area Graded (check mark indicates area is acceptable) 

 

General Notebook Entry (20 points) 

  

Student's name, class #, and section letter appears on notebook 

cover 

  All pages of notebook numbered 

  Complete up-to-date table of contents 

  

Each day's lab work started with title and date, also each new 

section of work notebook 

 Did not use pencil 

  Did not obliterate 

  All values are correctly reported with units  

  Reasonable significant figures were used 

  

Notebook understandable with enough identification of data 

and calculations 

  Work approved by TA or instructor 

  

 

 

Exp.1: Data and calculations completed (20 points) 

  Prelab questions answered (located at the end of experiment) 

  Detailed, concise procedure (paragraph or bulleted) 

 

Risk assessment: NFPA or Baker hazards or other risks and 

precautions 

 Thermometer calibration 

 Melting point data for known carboxylic acids (table format) 

 Melting point data for unknown (table format) 

 

Discussion: Briefly describe how conclusions are drawn from your 

data and address any experimental error or area of 

improvement 

  

 

40 Points 
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2nd NOTEBOOK GRADING (CHM235L) 

NAME_____________________ SECTION LETTER______DATE_____ 

Points 

Earned 
Area Graded (check mark indicates area is acceptable) 

General Notebook Entry (20 points) 

  Student's name, class #, and section letter appears on notebook cover 

  All pages of notebook numbered 

  Complete up-to-date table of contents 

  
Each day's lab work started with title and date, also each new section of work 

notebook 

  Did not obliterate or use pencil 

  All values are correctly reported with units and significant figures 

  
Notebook understandable with enough identification of data and 

calculations 

  Work initialed by TA or Instructor 

 Exp.2: Distillation (20 points) 

 Prelab questions answered 

 Experimental procedure  

 

Risk Assessment  

 Vol. vs Temp. data for simple distillation (table and graph) 

 
GCs on hexane rich sample for distillation product 

 Volume and percent (by volume and/or mass) for unknown 

 Discussion and Error Analysis 

 Exp.3: Separation and Identification (20 points) 

 Prelab questions answered 

 Experimental procedure  

 Risk Assessment  

  Data for separation 

  IR spectral interpretation and logic for organic neutral ID 

  Melting Point Data and logic for acid ID 

 Discussion and Error Analysis 

 

Exp. 4: Fischer Esterification (20 points) 

 Prelab questions answered 

 Experimental procedure  

 Risk Assessment  

 

Mass and boiling point range data 

 
IR spectra and interpretation 

 Reaction table including: molar mass, quantity, moles and mole % 

 
Percent yield calculations 

 Discussion and Error Analysis 

 

80 Points 
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FINAL (3rd) NOTEBOOK GRADING (CHM235L) 

NAME_____________________ SECTION LETTER______DATE_____ 

Points 

Earned 
Area Graded (check indicates area is acceptable) 

 

General Notebook Entry (20 pts) 
  Student's name, class #, and section appears on outside of notebook 

  All pages used are numbered 

  Complete up-to-date table of contents 

  Each day's lab work and experimental section started with title and date  

  Did not obliterate or use pencil 

  All numbers are identified have correct units and significant figures 

  Notebook understandable with enough identification of data and calculation 

  Work initialed by TA or Instructor:   

 Exp.5: Menthol Dehydration (20 pts)   

 

Prelab questions answered  Prelab questions answered for all experiments 

 
*Detailed Procedure including: time, quantities, Temp.  Concise Procedure Written for experiments 

 
Risk Assessment  Risk Assessment for each experiment 

  IR spectra and interpretation in table format   Work initialed by TA or Instructor: 

  Gas Chromatogram and interpretation   

  Boiling Point data and explanation   

 Reaction table including: molar mass, quantity, moles and mole %  Reaction table including: molar mass, quantity, moles and mole % 

  Mass/Volume Data and percent yield calculation   

  Discussion and Error analysis 

 

Exp.6: Reaction Mechanism (20 pts) 

 

Prelab questions answered 

 Experimental Procedure 

 
Risk Assessment  

  Data collected: times, concentrations 

  Calculations: % Acetone, NaOH concentration, Rate 

  Observations 

 

Discussion and Error analysis 

 

Exp.7: Thin Layer Chromatography (20 pts) 

 
Prelab questions answered. Follow up questions  

 

Experimental Procedure 

 Risk Assessment  

  Data and Observations 

 Calculations (Rf, etc.) 

  
 

Discussion and Error Analysis 

 

80 Points 
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