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Again, over two millenia passed before the third stage -­
fruitful testing of speculations -- appeared. The Rennaissance 
initiated the modern science which has formed our present world. 
But it was not until Lomonosov introduced laboratory instruction 
in Russia in 1749 that this reached the student at a low level 
(120). 

The third stage can be divided into perhaps three parts. 
The initial object of laboratory instruction in central Europe 
was to provide the graduate student with expert guidance in 
the development of laboratory skills. This, for example, was 
the function of Liebig's laboratory course in 1825 (120). 
During this phase the "laboratory workers guild" (if one loosely 
compares the mass of laboratory workers to the medieval guild) 
did not have an intermediary step; on completion of apprentice­
ship with some scientist of renown the young man went forth 
directly on his own as a "master." 

The second phase recognized that laboratory work was 
indeed an art. With the proliferation and increasing complexity 
of equipment, extensive training was required for competency 
in its use. Laboratory work was introduced in the undergraduate 
level to ensure manipulative competency when the student was 
ready for graduate training. The importance of the laboratory 
was realized at an early date in some quarters. Had he not been 
forced to retire after three years, the feelings of President 
Hoar of Harvard in 1672 might have borne fruit. He urged 
laboratory instruction "for readings or notions only are but 
husky provender" (30). However, it was not until 1824, when 
Amos Eaton started a laboratory course in practical chemistry 
at Rennselaer Polytechnic Institute, that laboratory work was 
thought important for the beginning student (120). In this 
undergraduate laboratory the almost invariable trend was toward 
standardization of technique. From this period came the scheme, 
admittedly of great value, first of blow-pipe analysis (an art 
if there ever was oneZ) and then of sulfide precipitation of 
cations. While the technique has been refined to a high degree 
the concomitant study of equilibrium rarely enters the under­
graduate laboratory. 

The organic laboratory all too easily continues the 
mechanical action tradition, rightly labeled "cook-book chemistry." 
The cook. has two choices (if the complete organo-bio-physical 
chemistry of cooking is not understood), namely, to resort to 
inevitable good results by following the book, or to become so 
familiar with the situation that one goes by the feel of it. 
This latter process is the result of years of experience. 
Organic chemistry too is highly complex and little understood 
by the neophyte on first contact. It is altogether too easy 
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processes which it was hoped would give him life. 

Every effort should be made in preparing a laboratory 
schedule that it should not be merely valuable or illustrative. 
Values and illustrations are not recognized as such by the 
beginning student. Rather the laboratory should be interesting, 
and if possible enthralling (in the original sense of the word 
"enthrall"-- to make a slave or bondman). It is doubtful 
that Madame Curie spent the years she did in her laboratory 
merely for pay -- it wasn't much. I rather suspect that there 
were few things she would want to do other than work in the 
laboratory. This is just another way of saying that laboratory 
work can be extremely interestingo The demands for prescribed 
curricula of the American Chemical Society and the medical 
schools notwithstanding, if the students are to want to study 
and think, they must be interested. The study of a language 
can be a deadly drudge --or it can be the key to a fascinating 
culture. Chemistry is no different in this respecto If the 
teacher is to succeed he must lay out the information so that 
the student will want to pick it up. There is still a great 
deal to be said for the ancient system in Europe of paying 
lecturers on a per capita attendance scale3 If the laboratory 
is obviously a part of the lecture, or if some confusion 
exists as to which is the major part of the course, some head­
way has been made. In a laboratory science such as chemistry 
the hours spent in the laboratory should be clearly seen, and 
by the student at that, as completely indispensable to the 
course -- as absolutely necessary as a typewriter to a typing 
class (8). 

A considerable proportion of the students in organic 
chemistry at Boston University are in the College of Liberal 
Arts. Organic chemistry then is a liberal arts course, and as 
such should adhere to the principle of liberal education, 
namely awakening intellectual curiosity and establishing those 
intellectual habits whereby the student becomes his own teacher 
for the rest of his life (11). It is an unfortunate fact that 
organic chemistry is often deserving of the label "a memory 
course" at the undergraduate level, and thus tends to stifle 
curiosity. But there is increasing hope that such useful 
generalizations as the molecular orbital approach and resonance 
approach to organic chemistry will become more familiar to 
undergraduates and the study will become more rationalo A 
heavy dose of the theory of chemical bonds might make "I don 9t 
know, but I should expect the reaction to go in such a manner," 
an other than typical graduate reply. The student would then 
be closer to thinking than to memorizing, which, after all is 
the desired goal. A sufficient background in bond theory 
would, of course, necessitate a considerable revision of the 





The main reason organic chemistry is in the position that 
it now occupies is that the past had careful observerso It 
might be said that one of the fundamentals of the laboratory 
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is observation. Certainly it is, and should be, stressed. 
Closely coupled with observation is excitement, for it is often 
the observations and the conclusions which are immediately 
drawn from them that will elicit a note of joy from a student 
(14, 119). Problems such as are found in the last section of 
Shriner and Fuson (103) emphasize observations and are useful. 
A series of interesting problems in the laboratory could be 
built around some of the less familiar functional groups, for 
instance, the nitroso, N-nitroso and hydrazine radicals. 
Given to an individual or a small group the assignment would be 
to find out much of the chemistry of the functional group, 
identify it, and write a short paper (perhaps one page) upon 
its chemistry. This would hopefully require some reference 
to the library; at this level, only certain standard texts. 
For instance, were Sidgwick's "The Organic Chemistry of 
Nitrogen Compounds" placed on reserve that would suffice. 
Not having to identify the specific compound would remove some 
of the tensions of an unknown. However some prestige could be 
introduced if the one page reports were reproduced {after 
inspection by the instructor) and distributed to the class as 
a whole as assigned reading. In that the results (that is 
the chemistry) could in no way be guesses, and the groups would 
be new, this special assignment might have more of the flavor 
of true research than some of the required syntheses. 

A note seems due at this point concerning the organic 
student and the library. Some small colleges, such as Amherst, 
are blessed with a heavy endowment and a small population, far 
removed from other intellectual centers. Losses from the 
library of books purloined tend to be smaller than in a large 
city university, and open stacks can be maintained. In the 
case of Amherst College, the chemistry library is only a 
dozen feet from the organic laboratory. This naturally 
encourages early and extensive use of the library. At Boston 
University it is regrettable that such proximity cannot be 
allowed. In a course conducted from a text, and with the 
stacks closed to undergraduates except under rare circumstances, 
the average student does not realize what literature exists. 
A few carefully selected works might be placed on reserve 9 and 
certain assignments made with the intention that students 
would be able to complete the assignment only by using these 
books. The special laboratory assignment mentioned above is 
one example. Another might be (mainly to tell the student that 
other works exist) to find and record with appropriate 
references, two preparations of ketones not mentioned in the 
text book. It would save some waar and tear if the standard 
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instructors. Talk with them as he may 9 it is not likely 
that the grading scale will be uniform between years olr 
sections. Further, not only are there different instructors 
each year, but they are usually graduate students and inex­
perienced in teaching. This situation almost requires that 
the laboratory be self teaching, and if possible 9 self 
grading. Indispensable as graduate students often are 9 it 
would be nice to be able to circumnavigate them when it comes 
to the meaning of grades. In connection with this problem, 
it is a sincere desire that not only can the laboratory be 
made essentially self teaching and self grading 9 but that an 
instructor's manual can also be developed, which will serve 
more nearly to ensure that goal by increasing the reproduci­
bility of grading and instruction. A large order. It is 
hoped that: 

"We have been careful, that they that will read may 
have delight 9 and that they that are desirous to 
commit to memory might have ease 9 and that all into 
whose hands it comes might have profit." 

II Maccabees 2:25 (66) 

And for the student to remember, the main function of a 
teacher is to show the student how to learn. The teacher is 
one who merely places knowledge in an easily assimilable 
form. It is the student alone who learns the knowledge 
presented. He comes to college most properly to learn how 
to learn, not just to learn. If teachers give him the techniques 
for further acquisition of knowledge and he is aware that he 
possesses them, then their efforts have not been in vain. 

"Teachers open the door ••• 
You enter by yourself." 

A Chinese proverb (29) 
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TO THE STUDENT 

This laboratory manual is the product of hundreds of 
students, although the author bears the final responsibility 
for it. Most of them have first entered the laboratory in 
some trepidation. The equipment is fragile, and almostevery 
chemical is hazardous, through its being flammable or · 
poisonous. Through the use of semi-micro equipment the 
apparatus is less liable to damage, and is easier to use. 
Small quantities of chemicals are the rule and the dangers 
are greatly reduced, therefore. 

One fact is often lost, surprisingly. Organic chemistry 
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is a laboratory science. As such, the lecture and the laboratory 
are actually not separate. The lecture is merely a location 
in the building where you are given a summary of the results 
of thousands of chemists who have published their laboratory 
findings. You should avoid the frame of mind which says that 
in the lecture you learn; in the laboratory you do. The 
lecture is an extended discussion preparing you to ask 
fruitful questions -- questions which are best couched in 
experimental terms, and which can be answered most readily 
in the laboratory. The laboratory is a site where you 
probe more actively into a particular problem. 

This manual seeks to dissolve the artificial laboratory -
lecture dichotomy. You will find it has much •extraneous" 
material -- placed there to help you by provi#ding detailed 
background in areas where the lecture may be more general, 
or even laching. You will find it vague and non-specific 
in places also. In most cases you are expected to write your 
own experimental procedures with the help of a little back­
ground and a few hints in the form of notes. This is quite 
intentional. It is well recognized that learning is an 
active process. You cannot be taught anything -- unless you 
are willing to learn, and make the effort to learn. 

Designing your procedures is not required merely to give 
you practice in using a slide rule. Look at the procedures 
closely, study the proportions, their relations and the reasons 
probably for those proportions. As is true in most studies, 
to become proficient as a chemist,, you must think like a 
chemist. With the known properties of certain chemicals, 
how can we arrange the conditions to gain our objective? 

You will note that each experiment has an assignment, 
which usually states somewhere in it, "Prepare in advance •••• " 



You will be wasting your time, and will be graded down for 
that waste, if you come to the laboratory without prior 
preparation. You cannot work fruitfully as a chemist without 
a lot of prior thought. Read over the experiment carefully 
until you understand it --not just know it, but understand it. 
Ask questions, use your text and your friends, but understand 
what is being doneo It might be rloted that the person who 
understands what is happening can usually run two experiments 
at the same time, whereas if he does not understand his work, 
he cannot even complete one experiment in the time allowed. 
Such understanding does not come quickly. Plan ahead and be 
prepared to spend some time on pre-laboratory preparations. 
It may seem peculiar, but the student who takes this time 
will actually spend less time on the course than the student 
who makes no preparation. The more thorough and thoughtful 
your pre-laboratory preparation becomes, the less time the 
laboratory phase of the course requires. 

This is a field of enormous interest. The borders of 
the unknown are still very close, and there is ample oppor­
tunity for each person to enlarge them. What is known is 
also remarkable in that a vast amount of order is evident. 
It is this combination of order and the unknown which makes 
the subject such a fascinating one to some people. You 
should not take this subject as a necessary drudgery, but as 
an exciting revelation of some of the workings of the 
Universe. 
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by carelessness. Constant care and thoughtfulness are the 
best means of avoiding themo Before starting any work in the 
laboratory you should become acquainted with the location and 
operation of all the fire fighting apparatuso When a fire 
starts the first step is merely observationo Look at it to 
see what is neededo Turn off any open flameso Some small 
fires may soon burn themselves outD but make every effort to 
extinguish them rapidlyo Fires originating in an open flask 
or beaker can often be extinguished by placing a piece of 
paper 9 a book 9 or a wet towel over the openingo If a fire 
extinguisher is required (and fortunately that occurs only 
rarely) point it at the base of the flameso C02 extinguishers 
usually work by first pulling out the pin and then squeezing 
the handleo Some laboratories are equipped with showers 
and/or blankets to extinguish flaming clothingo 

Burns are painful 9 but if small they may be ignorede 
Butesin picrate 9 tannic acid jelly or a compress of 3% 
aluminum acetate may be used to relieve the paino If the burn 
is large butesin picrate should not be used since i.t is a mild 
poison 9 and a physician should be seen as soon as possibleo 
One of the most common causes of burns is hot glassware 9 
since it has the same appearance whether hot or coldo 

If large quantities of chemicals are spilledD first put 
out all flameso Then consult with the instructor as to how 
best to clean up the chemical. 

Much of the laboratory equipment is constructed of glass. 
This material is fragile, breaks easily.o and the broken edges 
are often very sharpo As a result cuts are a common laboratcry 
accidento One of the most common causes of cuts is the 
insertion or removal of thermometers from corks and stopperso 
The hands should be wrapped in towels during this operation, 
and held very close to the stoppero If a rubber stopper is 
used it should be well lubricated with glycerineo If a piece 
of tubing or a thermometer becomes stuck in a stopper 9 it may 
often be removed by slipping a cork borer over it and 9 with 
glycerine, working the cork borer over the tube until it is 
looseo 

Stopcocks on burettes and separatory funnels freeze 
immovably unless they are kept lubricated with the proper 
greaseo They may sometimes be unfrozen by heating just the 
outer portion with hot water (expanding the shell9 and 
softening the grease which may be present) 9 or steeping the 
stopcock in a solvent or soapy water for some hourso This 
sort of trouble is rarely encountered if the separatory 
funnel is always washed immediately after use and left in the 



desk dismantled, with the stopcock taken apart. Ncte that 
solutions should never be stored in a separatory funnelo 

Cracked equipment is dangerous and should never be used. 
Replace it immediately on finding the crack. 

The cork borer may be a dangerous weapon if it is not 
used properly. It works much more easily if it is sharpo A 
sharpener will be found in the stock room. To bore a hole, 
first roll the cork to soften ito Select a cork borer which 
will not quite slip over the glass tubing to be inserted into 
the cork. Then gently bore into one end, rotating the cork 
and checking the alignment of the hole, until the borer has 
reached the center of the cork. Remove it and start in from 
the other endo When done properly this results in a smooth, 
straight hole without cracking the cork. The hole may be 
enlarged with a rat-tail or round fileo 

Most organic chemicals have a characteristic odor, and it 
is to your advantage to become acquainted with the odorso But 
do this by sniffing very cautiously -- some chemicals have an 
extraordinarily powerful odor, some are toxic or anaesthetic, 
and some are just plain disagreeable. 

Having mentioned all the above dangers it seems hardly 
necessary to suggest that the student wear proper clothingo 
An apron of plastic {readily punctured by hot glass) or cloth 
is recommended. Even more highly recommended is a laboratory 
coat. It serves to protect the worker from burns and contact 
with chemicals, and protects more expensive clothes cheaplyo 

Until you become quite familiar with this section on 
safety, it would be a good idea to read it each week before 
going into the laboratory, paying special attention to any 
hazards that you might expect to meet during the experiment(s) 
for that week. 
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the elements nitrogen, sulfur and halogen. Specifically 
include quantities of reagents. Have it prepared before 
entering the laboratory, for this is the detailed procedure 
you will follow -- your own. Modify it as experience in the 
laboratory shows to be necessary and hand it in at the 
conclusion of the period, with changes noted. 

2. Procure an unknown from the stockroom and identify 
the elements present besides carbon, hydrogen and oxygen. 
Report your results to the instructor. If you are wrong, a 
correct analysis detailing your former errors will gain you 
half credit. 

3. Hand in short answers to the following questions: 

Ql- Why is sodium kept under kerosene or toluene? 
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Q2- Why don't you add water directly to the tube after it 
has cooled following the fusion1 

Q3- Why is the boiled solution filtered? What is the 
residue? 

Q4- See note #So How would you avoid this problem and 
be sure the precipitate is halide? Recall that the solution 
is acidic at this point. 

Q5- What is the color of the product of sulfide ion with 
a) silver? 

or b)lead ion? 
or c)sodium nitroprusside? 

Q6- Why not acidify the solution being tested for halides 
with sulfuric acid? 

Notes: 

1. Wear goggles throughout this exercise. 
2. This is a micro-technique, which means that a very 

little is plenty. A piece of clean, shiny, silvery sodium 
3 mm on a side, or the size of this capital "0" is about right, 
and about the same volume of the liquid or solid you are 
analyzing. Never handle sodium with your bare hands, but use 
a knife, forceps or tongs. Use your smallest test tube. 

3. A 0.5 - 1 em column of sodium vapor will yield good 
results. 

4. Very little distilled water is required, perhaps 2 ml. 
5. Ferrous ion is most readily obtained as ferrous 

sulfate or ferrous ammonium sulfate (Mohr's salt). A 
considerable excess, which is not much, is required. The blue 
pigment is Prussian Blue, probably chiefly NaFe[Fe(CN)@, which 
may be more evident on filtration of this solution. 

6. Silver coins are readily cleaned for a sulfide test 
with acetone, and may be cleaned afterwards usually by rubbing 
with a moist towel. 



7. Lead nitrate solution or lead acetate solution is 
supplied in t-he laboratory. 

S. Both sulfide and cyanide ions may form precipitates 
with silver ions. 
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9. You may find it helpful to run preliminary experiments 
with one, or all of the knowns provided, in order to determine 
what constitutes a positive test, or a good sodium fusion. 

10. Credits: 
Procedure 

5--good 
2--poor 
0--worthless or copied 

Unknown 
4--correct 
2--wrong but errors correctly analysed. 

Note that "I did it incorrectly" is 
an insufficient answer. How? 

0--wrong 
Questions 

1--done 
0--not done 
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IV. 

THE PHYSICAL PROPERTIES QE ORGANIC COMPOUNDS 

While -it is true that the physical properties of a compound 
depend frequently on the same factors within a molecule as do 
the chemical properites, it is often easier to observe the 
physical properties without materially changing the molecule. 
Hence the identity of a compound is most commonly determined 
from its characteristic physical properties. These include the 
temperature of melting or boiling at a known pressure, the 
color, crystalline form, density, index of refraction, spectrum 
of absorption of ultraviolet or infrared radiation, solubility, 
vapor pressure and various others. These properties can be 
roughly divided into two classes: those dealing with light 
in one manner or another; and other properties which, while 
cruder and less characteristic, are easier to measure. 

Crystalline form is the least useful of the physical 
properties to the beginning student. Rarely does one encounter 
crystals large enough to study carefully with the naked eye. 
Further, crystallography is a discipline requiring considerable 
study. The average organic chemist therefore lj_mits his 
descriptions of crystal structure to such obvious and indisput­
able terms as needles, plates, prisms, cubes, etc. 

The vapor pressure of most organic compounds is relatively 
high, but is rarely measured by the organic chemist. All 
molecules have a statistically determined chance or probability 
that they will gain or lose enough energy to, for a limited 
time, exhibit properties more characteristic of another 
physical state. For instance, liquid water, at all times, has 
associated with it gaseous water. Some of the molecules escape 
from the liquid and are present above it as water vapor. You 
will recall that pressure is the product of force and area. 
Each molecule of water vapor exerts a force on an area; the 
resultant pressure is known as the vapor pressure of the water 
at that temperature. In a similar manner, molecules escape 
from solids and exert a vapor pressure, characteristic for 
each compound and temperature. You are familiar with vapor 
pressure -- we smell perfume or moth balls because of it. 
Although it is hard to measure, and is rarely encountered as 
such in organic chemistry, it exerts a great and obvious 
influence on other physical properties. In those capacities 
we shall meet it again; but as a separate physical property, 
used to identify a compound, it is almost never employed. 





a color it is a result of electrons within the molecule 
absorbing certain frequencies or wavelengths of light, the 
remainder being therefore coloredo 

If the molecule absorbs light of wavelengths shorter 
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than the visible it will exhibit 9 upon measuring absorption as 
a function of wavelength, an ultraviolet absorption spectrum, 
the shape of which is largely characteristic of the absorbing 
groups. If the absorption in the wavelengths longer than the 
visible is measured we have an infrared absorption spectrum. 
4s a rule the infrared, or IR spectrum is much more complex 
than the ultraviolet or UV spectrum and is characteristic of 
and different for each molecular specieso The analogy of the 
IR spectrum of a compound to the fingerprints of a man is an 
apt one. Both are, as far as we know, uniqueo Interpretation 
of the spectra takes considerable experience and the measuring 
devices are quite expensive, but these spectra are firmly 
established as of the greatest utility and importanceo 

Finally there is the index of refractiono It is the 
ratio of the speed of light in the substance to that of light 
in a vacuum. For liquids the measurement is simple and rapid 
to take when the proper instrument is availableo The index 
can be measured quite accurately and is one of the more useful 
physical constants on that account. 
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distillation, or distillation directly from the reaction flask 
yields a few milliliters of product, which should be halide 
free. If it is not, the product may be heated for some time 
under reflux with a little fresh sodium, cooled and retested 
for halide. When it is free of halide, it may be decanted into 
a container of suitable size and saved for future experiments. 
A label should be attached specifying its identity, weight, 
observed boiling point, and who prepared it. 

Assignment: 

Before coming to the laboratory write up the procedure 
you plan to follow for the Wurtz reaction. To aid yourself 
in the recognition of products you should also have the table 
of physical constants prepared, enumerating the useful properties 
of the reactants and products. As is true in this and 
succeeding laboratory periods, you are not prepared to work 
unless you have prepared in advance the title of the experiment, 
its object and references, the equations describing it, the 
table of physical constants and a preliminary procedure. 

Review the chemicals you are using and the hazards 
involved with each. Be prepared to avoid accidents. 

Show your product to your instructor, but save it for 
future experiments. 

Questions: 

Ql--If a Wurtz reaction were run on a mixture of pentyl 
bromide and hexyl bromide, what products would be formed? 

Q2--0n testing the product of the Wurtz reaction above 
with the Beilstein test the flame was colored an intense 
yellow-orange. What can you infer? 

Q3--There is usually an induction period after the first 
addition of alkyl halide to the sodium before the reaction 
begins. Why would you expect this? 

Q4--How would you go about putting out a sodium fire, 
knowing that it reacts with water, carbon dioxide and carbon 
tetrachloride violently when burning? 





7. Credits (cont.) 
Product 

2--maximum for high quality and quantity 
Questions 

1--maximum for completed correctly 
0--not done 
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above that where liquid eutectic actually forms but the 
melting point will be lowered and extend over a range of 
temperature. 
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In observing the melting point of a compound one e/pecially 
notes the melting range and the point of final liquefaction 
as the range of melting and depression from the true melting 
point serve as qualitative and sometimes semi-quantitative 
criteria of purity. Hence, one should be careful always to 
indicate the entire range, from first appearance of liquid 
to final liquefaction. A short, high range indicates a 
relatively pure compound, whereas a wide, low range indicates 
an impure preparation. 

Some compounds undergo a slight contraction and lique­
faction at a temperature somewhat below the true melting 
point which is known as sintering. Other substances, though 
initially pure, may give a considerable melting range due to 
decomposition with time or temperature. Amino acids particularly 
fall into the latter class. However, most pure compounds 
will melt over a range of 0.5 to 1.0 degree. 

A number of factors can contribute to errors in the 
determination of melting points. Both the point of melting 
and the temperature reading of the thermometer are equilibrium 
conditions. It takes a finite time to transfer heat from the 
bath liquid to the crystals and to the mercury. Hence, with a 
rapid rate of heating the temperature may rise several degrees 
during the time the compound is melting and the mercury will 
not be at temperature equilibrium with the bath. Both these 
factors can cause considerable errors, but are greatly reduced 
by heating rate of 1-2 degrees per minute when within ten 
degrees of the melting point. Other errors may come from 
mistaken judgement on the part of the observer and the fact 
that while the thermometer is often factory calibrated by 
total immersion, it is used with just the tip in the heating 
bath. --. 

The latter error, which may result in an error of 4-6 
degrees near 200°C, may be eliminated by applying a stem 
correction which compensates for the difference in temperature 
throughout the thermometer. 

Stem correction = 0.000154 (t-t v) N°C 

where t is the temperature read, t 9 the average temperature of 
the exposed column of mercury (determined by reading a second 
thermometer whose bulb is midway between the heating bath and 
the top of the mercury thread) and N is the length, in degrees, 



between t and-the bath surface. A calibration curve prepared 
from compounds of known melting point may also be constructed. 

In normal practice, melting points are taken by the 
capillary method. A fine tube, with a diameter of about 
2 mm and long enough to extend well above the surface of the 
heating bath, is sealed at one end. It must be absolutely 
sealed or the heat transfer medium (Crisco, dibutyl phthalate 
or sulfuric acid) will enter it and contaminate the sample. 

The open end of the tube is then tamped lightly into a 
small pile of the sample, inverted and the sample moved to 
the bottom of the tube by one of a number of methods. It may 
be stroked with a file, dropped down a long tube, or tapped 
on a hard surface. The height of the column of sample formed 
in this manner need not be more than a few millimeters, and 
can readily be less than one when the experimenter is 
experienced. 
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The tube is then affixed to a thermometer, either by a 
zubber band, or, with some bath fluids, by capillary attraction. 
The portion with sample in it should be centered on the bulb of 
thermometer. 

This assembly is p.foced at the center of the melting 
point flask, if it is a spherical or nearly spherical one. 
If a Thiele tube is used it is placed about half way down 
the large part, between the entrance of the side arm and the 
bend. 

Heating, which should be in the center of spherical 
flasks or on the small arm of Thiele tubes, may be quite 
rapid until within 15-200 of the melting point. The rate of 
heating should then be reduced to not more than 1 to 2 degrees 
per minute. 

The start of the melting range is taken as that tempera­
ture at which liquid first becomes clearly evident, and the 
end, when the last crystal has disappearedo 

It is wise to become familiar with the technique on 
knowns before using it to determine the identity of an unknowno 

Suitable knowns include benzoic acid (122°Cj, acetanilide 
(114°0), urea (133°0), cinnamic acid (133°0) and naphthalene 
(So0 c). 

An unknown may be provided in order to stress the importance 
of this technique. If a list of possible compounds is posted, 















of occluded solvent. This requires fairly drastic drying 
procedures and-after removal of the solvent the crystals are 

44 

left contaminated with the impurity which was in solution in 
solvent. Very rapid coiling normally yields very small crystals, 
which are undesirable for three reasons. They are frequently 
difficult to filter. Further, their large surface area results• 
in the adsorption of an appreciable quantity of impurities. 
Finally, in a rapidly cooling solution there is a high degree 
of supersaturation, and crystal growth occurs so rapidly that 
a high concentration of impurity builds up in the vicinity 
of the crystal. Under this condition inclusion of the impurity 
within the crystals is expected in the normal course of events. 

If very slow cooling is desired the flask containing the 
solution may be wrapped in a towel or immersed in a large 
volume of water heated to the proper temperature. Rapid 
cooling may be accomplished by use of cold water or an ice 
bath while stir,ring the solution. 

A normal rate of cooling may be had by placing the 
covered flask in a shady, protecteg location, free from 
drafts. After it has cooled undisturbed to, or nearly to, 
room temperature it may be cooled in an ice bath to further 
reduce the solubility of the product and the crystals collected. 

It is distressingly common that no crystals deposit from 
the cooled solution. Aside from decomposition of the product 
or reaction with the solvent two explanations are probable. 
Too much solvent may inadvertently have been employed. It may 
be removed by evaporation from the reheated solution. Or, 
although the solution is supersaturated, crystals do not form 
as there are no nuclei upon which further crystal growth may 
occur. Three courses of action are open at this point. The 
solution may be left to stand for an extended period under 
refrigeration. Sometimes allowinS the solution to stand 
undisturbed for six months at -20 C will provide the worker 
with the desired crystalline product. Subsequent recrystalliza­
tions are often much less difficult. Secondly, the solution 
may be seeded with a minute crystal of the product obtained by 
some other means. This seed provides the necessary nucleus. 
Or, most commonly, the walls of the container are scratched. 
This breaks off small particles of glass and leaves a rough 
surface on which there is a greatly enhanced probability that 
the molecules will line up in a favorable orientation so 
that crystallization may proceed. 

Compounds with a melting point below about 60°0 or 
mixtures in which the compounds have quite similar structures 
often come out of solution as an oil. Removal of a small 





be greatly reduced by careful manipulation. If the product is 
not of sufficient purity, the process of crystallization may 
be repeated. 

Assignment: 
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Purify an unknown by crystallization from an appropriate 
solvent. Determine the melting point of the purified compound 
and pass your product in to the stockroom or to your instructor. 

Answer the following questions: 

Ql--How could you determine if a small amount of material 
which had not dissolved in the attempt to make a solution is 
a contaminant or the compound in which you are interested? 

Q2--Assuming that for some compound its solubility in 
hexanol and ethanol is identical, which alcohol would you 
choose for crystallization1 Why? 

QJ--In using the solvent pair, methanol and water, for 
the purification of naphthalene, which procedure below will 
give the purer product? Why1 

a) to the hot methanolic solution of naphthalene 
add water until turbidity remains and allow it to cool. 

b) add water as before, but then add enough methanol 
to clear the solution. Cool the solution, with stirring, in an 
ice bath. 

c) as in b) but cool in a large bath of warm water. 

Notes: 

Credits 
Product, depending on melting point, color, quantity 
and crystal form 

4--maximum 
Questions 

1--maximum. 
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IX. 

RATES ill EQUlLIBRIA 

Organic chemistry is greatly complicated in its laboratory 
aspects by the fact that any given molecular species can often 
undergo a number of reactions. These reactions can occur 
simultaneously under one set of conditions and lead to a 
mixture of products. Obtaining the desired product in 
satisfactory yield is a problem not only of skillful separation, 
but equally of choosing the conditions to be most favorable for 
the yield of the desired product. 

In choosing the conditions a number of factors have to be 
taken into account. One is the stability of the product. It 
may be easy to form, but under the conditions chosen may 

. undergo further reaction. Thus, diethyl ether may be obtained 
from ethanol and sulfuric acid. In the absence of a catalyst, 
at room temperature, the product is primarily the alkyl 
hydrogen sulfate. At 120-140°0 the principal product is 
diethyl ether. But at 170°0 or higher the product is ethylene. 
Only within a small range of temperature is the desired diethyl 
ether the principal product. 

Another factor is the rate of formation of the product. 
In the above example, while at 170°0 some diethyl ether is 
formed, the rate of ethylene formation greatly predominates. 
In the subsequent discussions these two factors of stability 
under the reaction conditions and rate of formation must always 
remain in mind. Under another set of names they may be more 
familiar as the position of equilibrium, and the rate of 
reaction. One also encounters them as the problems of thermo­
dynamic stability and reaction kinetics. 

The problem of how to get maximum yield, with the smallest 
amount of the least objectionable side products is a complex 
one. There is no simple rule of thumb that applies to all 
cases. The reactivity of a functional group is dependent on 
its position in the molecule, the neighboring groups, the 
reaction solvent, the reagent being employed to attack it, 
temperature, stability of various possible species, and their 
rates of formation under the conditions employed. One must 
also consider, in designing an experiment, what compounds the 
side reactions are likely to produce, and how to separate them 
from the desired product. 

As an example, let us take the simple reaction of an acid 









salt solution this serves for a preliminary drying. 

However 9 the most common method is to add a quantity of a 
solid desiccant 1to the flask in which the liquid is heldo If 
too much desiccant is used it only serves to adsorb the 
desired solution upon its sur.face with consequent substantial 
loss of product. A general·rule of thumb is 9 in a one third 
full Erlenmeyer 9 to add enough desiccant to just cover the 
bottom with a thin continuous layer. 

Certain liquids are most readily dried by distilling them. 
If they form a low boiling azeotrope with water the latter is 
rapidly removed by a reverse steam distillationo This method 
is particularly convenient for benzene 9 aniline 9 and nitro­
benzene. Of course 9 if there is a thermally unstable compound 
in the solution this technique must be used with care. 

Solids may be dried with the last expenditure of effort 
by allowing them to stand in a cool 0 shady spot protected 
from dust or drafts. It takes some timev usually overnightD 
for the crystal mass to dry» but if the compound is stable to 
oxidation and is not hygroscopic» it is the method of choice 
for ordinary work. 

If a drier product is desired in a somewhat shorter time 
the compound may be placed in a desiccator. The desiccant in 
the bottom of the closed vessel maintains a dry atmosphere and 
hastens diffusion of the water vapor. 

Even more rapid drying may be obtained in a vacuum 
desiccator. At low pressures the mean free path of the 
molecules may approach the distance from the corepound to the 
desiccant. Diffusion is thereby hastened. However» note that 
any process which depends upon diffusion is not rapid. 

A vacuum oven is sometimes employed to ensure a high 
degree of drying. One of the more common ovens for laboratory 
use is the Abderhalden drying pistolg a pistol shaped glass 
vessel with the desiccant in the handle and the compound 
placed in a small boat in the barrel. The desired temperature 
is maintained by refluxing a solvent of appropriate boiling 
point around the barrel. 

A desiccant performs its function in one of two ways: by 
irreversible decomposition of the water or liquid substance; 
or by reversible hydrate formation. 

An example of the former is in the use of sodium wire for 
the final drying of ether. The sodium reacts with any water 
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XI. 

ALKYL HALIDES 

If one of the hydrogens of an alkane is replaced by a 
halogen atom an alkyl halide is obtained. This class of compound 
is one of the least complex, after alkanes, but it is important 
as an intermediate in syntheses. It is possible to branch out 
in many directions from an alkyl halide. 

While they may be prepared directly from alkanes this 
usually leads to a complex mixture of isomers. One of the more 
important routes into this class is from alcohols. Although 
all three types of alcohols may be converted into alkyl halides 
the least complicated reactions occur with primary alcohols. 
The primary alkyl bromides are fairly representative, being 
intermediate in reactivity and cost between the chlorides and 
iodides. 

One reagent frequently employed is concentrated hydrobromic 
acid. There is an equilibrium between hydrobromic acid and 
the alcohol and the alkyl bromide and water. Thus: 

The attainment of equilibrium may be hastened by heating the 
mixture, and it is usually carried out under reflux conditions. 
To shift the equilibrium point toward a higher concentration 
of the alkyl halide it is advantageous to use an excess of 
hydrobromic acid and to reduce the water content of the 
mixture. The presence of a large excess of hydrogen ion also 
hastens the attainment of equilibrium. Sulfuric acid is used 
both to speed up the forward reaction and to reduce the water 
concentration. It has a high affinity for water and forms a 
number of fairly stable hydrates, hence sulfuric acid can be 
used to "tie up" much of the water. 

The above criteria, heating the mixture, an excess of 
hydrobromic acid, and removal of the water formed by the reaction, 
establish the general conditions for obtaining a good yield of 
a simple primary alkyl bromide. They are met in any one of 
three ways, each having been used at one time or another. 

Perhaps the least complicated is to use a slight (about 
25%) excess of the concentrated hydrobromic acid (an article 
of commerce at 48% HBr) and 50-75% as much concentrated 
sulfuric acid. While uncomplicated, it is sometimes either 









a cold finger condenser in one arm and the gas trap connected 
to the distilling arm. Even simpler is the use of an S-inch 
test tube with a cold finger condenser. 
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2. In the initial distillation the alkyl halide is all 
distilled over when the distillate is clear. It may be necessary 
to add more water to the distilling flask. 

3. If all the washings of the alkyl halide are of about 
the same volume as it is, that will suffice. 

4. Drying is seldom quick. Leaving the product over the 
desiccant in a stoppered flask over night is a good idea. 
Sometimes gentle shaking with the desiccant until the solution 
is clear (perhaps half an hour) will do. Then distill the 
product. If the halide distills as a turbid liquid there is 
water still present and the halide should be returned to the 
same desiccant and allowed to dry further. 

5. Credits: 

Pre-laboratory work 

2--done well 
0--not done 

Report 
4--excellent 
0--worthless or copied 

Product 
2--maximum for high quality and quantity 

Questions 
2--maximum credit for obvious understanding 

and correct answers. 











it is preferable to find out on a known which is available in 
large quantities rather than on the small amount of the 
unknown. 

2. Note that a negative test may be just that -- none of 
the substance being tested fnr is present. However, the test 
may have been performed incorrectly and should have been 
positive. The known is the oest defense against this 
situation. 

3. The alkane from the Wurtz reaction, the 2-methyl-2-
butene and the alkyl halide serve as knowns for those classes 
of compounds. Various other suitable knowns will be available 
for your use. 

4. A common fault is to employ too much reagent. When 
one is working with only two drops of a compound this amounts 
to but 0.0011 mole (for n-butanol). If in doubt as to how 
much to use, write the equation for the reaction and calculate 
the required amount. Sometimes an excess is permissible, 
sometimes essential and sometimes highly detrimental. 
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5. The proton of concentrated sulft.t!'"ic acid is a powerful 
electrophilic reagent and will often attach itself to an 
unshared pair of electrons.,, This is, for example, true of 
oxygenated organic compounds; and the compounds are soluble 
in concentrated sulfuric acid. 

6. Credits: 
For each unknown a maximum of 5 for correct 

identification based on enough inforrnatio ... to constitute proof, 
not a mere hope or gamble. Proportionately less credit for 
mere scanty proof. 














































































































































































































































