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Organic Chemistry 

Carbon-Based Chemistry 
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Inorganic Compounds 

Composed of various combinations of 

more than 100 elements 

Very few inorganic compounds will 

burn. They have high melting points, 

above 350° C; some vaporize at high 

temperatures. 

Inorganic compounds (excluding 

compounds of the transition metals) 

are usually odorless and colorless and 

are soluble in water to varying 

degrees.  

Inorganic compounds are "held 

together" by ionic bonding and ionize 

in aqueous solutions. 

Compared to organic compounds, 

there are only a few isomers of 

inorganic compounds. Remember that 

"isomers" means equal units, e.g., 

same chemical formula, but a different 

geometrical arrangement. 

Organic Compounds 

Organic compounds are composed of only a few elements. 

Carbon always -- organic chemistry is the chemistry of 

carbon compounds. Hydrogen, oxygen and nitrogen are 

usually involved and sulfur, phosphorus, chlorine, bromine 

and iodine, occasionally, are present, as well. 

Nearly all-organic compounds burn. They tend to have low 

melting points, much less then 350° C. Some char and 

decompose rather than melt. 

Organic compounds tend to possess color and odor; e.g., 

benzaldehyde is artificial oil of almond.  

Organic compounds are soluble in organic compounds and 

are typically insoluble in water. Notable exceptions include 

acetone and ethanol. 

Organic compounds are generally held together by 

covalent bonds. A few, e.g., carboxylic acids and phenols, 

ionize and effect the pH of solutions. There are many 

isomers of organic compounds -- you'll be introduced to a 

few of them as we go along. 

Compare and Contrast Inorganic and Organic Compounds 
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We Use Carbon-Based Compounds Every Day 

Health food, digestion, metabolism, drugs, vitamins, hormones 

Daily Use and Survival heat, electricity, flavorings, colorants, sweeteners, containers 

Transportation gas, diesel, oil, grease, plastics, tires 

Clothing nylon, rayon, dacron, Kevlar 

Personal Use soap, detergents, perfumes, paints, ink, explosives, photography, PVC pipe 

http://mir.com.my/rb/photography/companies/nikon/htmls/models/htmls/nikons2.htm
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Number English German Spanish Danish 

1 One Ein Uno Én 

2 Two Zwei Dos To 

3 Three Drei Tres Tre 

4 Four Vier Quatro Fire 

5 Five Fünf Cinco Fem 

Examples of Counting to 5 in Four Languages. 
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Number of 

Carbons 

Organic Prefix Number of 

Carbons 

Organic Prefix 

1 Meth 11 Undeca 

2 Eth 12 Dodeca 

3 Prop 13 Trideca 

4 But 14 Tetradeca 

5 Pent 15 Pentadeca 

6 Hex 16 Hexadeca 

7 Hept 17 Heptadeca 

8 Oct 18 Octadeca 

9 Non or nona 19 Nonadeca 

10 Dec or deca 20 Eicosa 

Organic Prefixes in ñOrganic-eseò 
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Alkanes 

ÅThe general formula of an 
alkane is CnH2n+2.  

ÅAll of the carbons in an 
alkane are in sp3 
hybridization and possess 
tetrahedral geometry.  

ÅThere is one sigma bond 
between the carbon atoms 
that permits freedom of 
rotation about the carbon-
carbon single bond.  

ÅThey also consist only of 
carbon and hydrogen, hence 
the name "hydrocarbon".  

Å  The simplest of the 

alkanes is CH4 or 

methane -- "meth" for 

one carbon and "ane" 

for the alkane.  
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Ethane has the formula C2H6 -- "eth" for 

two carbons and "ane" for the alkane.  

ÅPropane is C3H8: 



ÅButane and Isobutane are C4H10: 

8 



Pentane is C5H12 

9 



10 
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English and O. Chem. 

ÅNote also, that one does NOT have to draw on each 
hydrogen atom in the structures.  

ÅEach carbon can take 4 bonds.  

ÅIf there appears to be only one bond between the first 
and second carbon, then there must be 3 hydrogen's 
UNDERSTOOD to be present on the end carbons.  

ÅIf there appears to be one bond between carbons in the 
middle of the chain, i.e., one to the left and one to the 
right for 2 single bonds, then it follows that there must be 
2 hydrogen atoms UNDERSTOOD to be present.  

ÅIf you think back to when you diagrammed sentences in 
high school, recall how you had to diagram the following 
sentence: Do it! What is the subject? An UNDERSTOOD 
"You"!  
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ÅColors are 

complimentary: 1 color 

plus its complement 

equals BLACK. For 

example, if one wore a 

green shirt into a 

photographic dark room 

that uses red light, the 

shirt would appear black  

Applications of Light, Atoms 

and Energy in Organic 

Chemistry 
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ÅYellow solutions absorb violet light (short 
wavelength);  

Ågreen solutions absorb red light (long 
wavelength);  

Åred/orange solutions absorb blue/green 
light (intermediate wavelengths).  

ÅAll of this is useful in the clinical lab, where 
colored species are studied electronically 
to determine how much of a particular 
substance is present in a person's plasma, 
serum, or urine, for example. 
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Ultraviolet-Visible (UV-Vis) 

Spectroscopy  

ÅIn general, UV-Vis spectroscopy works by 
"boosting" a "target" light acceptor up to 
another energy level.  

ÅThe UV portion, like the visible region 
mentioned in the earlier lecture, is also 
used to study substances in biological 
fluids.  

ÅThere will be more on UV-Vis 
spectroscopy in CHEM 122 and 220, later. 
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Infra-Red (IR) Spectroscopy  

ÅIR energy is long wavelength (hence low 
energy) light below visible red in the spectrum.  

ÅIt is the same as what you feel in your toaster 
and what you [don't] see in your toaster.  

ÅIR spectroscopy is interested in studying the 
twist, stretch, bend, rotation, rock, scissoring and 
vibrations of atoms in an organic molecule 
(carbon-based molecules).  

ÅSpecifically, IR spectroscopy is interested in 
studying functional groups, i.e., organic radicals 
that substitute for hydrogen on a hydrocarbon 
chain or ring (more on all of this at a later 
date/lecture).  
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Å"stretching" 

between bonds 

after IR 

electromagnetic 

energy (EME) 

stimulates the 

bonds  

An Example of Bond Bending  
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ÅThe next two slides illustrate the IR spectra (fingerprints, 
if you will) of two different compounds -- with and without 
peak labeling.  

ÅNote that "peaks" on these IR spectra go down, not up -- 
they are pointed, blunt, rounded or dips.  

ÅEach functional group interacts with IR EME differently 
than other groups and allows IR EME to help us 
determine what functional groups are present.  

ÅNote also that sometimes peaks cover a range of wave 
numbers.  

ÅEach spectrum has the structure of the whole organic 
molecule drawn in its boundaries.  

ÅThe spectrum labeling has been purposely distorted to 
accommodate the labeling and to emphasize peaks. 
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ÅSpecific functional groups absorb specific IR 

EME to give a characteristic IR spectrum.  
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ÅSpecific functional groups absorb specific IR EME to 

give a characteristic IR spectrum.  
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Nuclear Magnetic Resonance 

Spectroscopy  

ÅRemember from our earlier discussion that electricity is 
defined as the flow of electrons through a wire.  

ÅAs the current flows through the wire, a magnetic field is 
induced perpendicular to the flow of electrons.  

ÅTo find this induced electromagnetic field (EMF), use the 
right hand rule: put your right thumb in the direction of 
the electron flow and curl your hand around the wire.  

ÅThe direction your hand curls is in the region of the 
generated magnetic field about the whole wire.  
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Å Some nuclei spin, 1H, 13C, 
19F, 31P -- these are the 
biggees.  

Å Remember that the nucleus 
contains neutrons and 
protons.  

Å Protons, specifically those in 
Protium (1H), spin about the 
axis of the atom's rotation, 
Figure, top right, (the "B" 
with the vector sign is the 
induced magnetic field).  

Å This spin induces a very tiny 
magnetic field along the spin 
axis (like the electrons and 
wire).  

Å For our discussion, Figure, 
bottom right, represents 
equivalent ways in which to 
illustrate the spin axis.  
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ÅThe effect of external magnetic fields on nuclear 
"magnetic fields" is this: quantum mechanics 
says that S = ± ½.  

ÅIn the presence, then, of an external magnetic 
field (represented by an arrow pointing from left 
to right with a "cross" through the left end), the 
proton-generated magnetic field will either 
ï line up with the external field (called parallel 

alignment) or  

ïline up against the magnetic field (called anti-parallel 
alignment).  
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The table, below, summarizes this: 

Parallel Alignment Anti-parallel Alignment 

More stable Less stable 

Preferred by nucleus 
Requires energy for this 

"tweak" 

The way in which these alignments are caused  

is to spin the sample inside a magnet. 
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ÅRadiofrequency radiation effects alignment, as well.  

ÅRemember that u = c/l and that E = hu.  

ÅTo detect the proton in Protium, it needs to be "tweaked" 
into the ANTI-PARALLEL alignment.  

ÅIt is the radiofrequency radiation (radiofrequency energy 
is less than IR energy) that makes the "tweak".  

ÅAt a fixed radiofrequency, all protons absorb at a 
constant radiofrequency energy.  

ÅBUT when an external magnetic field strength is altered, 
protons absorb at different, specific, magnetic field 
energies  
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The table, below, illustrates, as well,  

the idea that all protons (in this case H) are  

not identical and will give different "signals"  

under the right stimulation: 

"Identical Protons" -- Each 

carbon atom has hydrogens 

bonded to them in an identical 

manner and will, then, give 1 

signal. 

"Non-Identical Protons" -- each 

carbon has different numbers of 

protons (H) bonded to it and will, 

then, give two different signals. 



26 

ÅSpecific functional groups have specific 

magnetic field energy attractions (like what 

we saw with IR) and give a characteristic 

NMR spectrum as a function of altered 

radiofrequency absorption (Rf).  

ÅFigure illustrates a generic representation of an 

NMR spectrum with the axes labeled. 
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ÅThe basic organization of the NMR 

spectrometer follows on the next slide.  

ÅIn general a sample is placed in the 

appropriate solvent and "dropped" inside 

the spinner in the magnet with variable 

energy.  

ÅThe sample is also surrounded by an Rf 

generator and a detector. The latter leads 

to some sort of display visualizer (screen, 

printer). 
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Magnetic Resonance Imaging 
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Å Figure, below, illustrates a crude NMR spectrum for ethyl alcohol (EtOH; 
H3CCH2OH).  

Å Note that the CH3 peak is the more electropositive and appears on the low 
end of the magnetic energy/field axis;  

Å the CH2 is neutral and is roughly mid-way; 

Å  the OH is more electronegative and is at the high electromagnetic field 
strength end.  

Å Note, too, the ratios of the peak areas to each other.  

Å The first is roughly 3 times as large as the last and the second is roughly 
twice that of the last.  

Å The ratio, then, is 3:2:1 -- note that that is the arrangement of the three 
parts of the EtOH as it was broken down. 
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For Next Two Slides 

ÅPeaks are labeled.  

ÅWhile I don't expect you to become expert 

spectroscopists over night, I do expect you 

to recognize the ratios of the peak areas 

compared to each other  
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Illustrative NMR Spectra for Two 

Different Organic Compounds  
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ÅNote the "s" shaped lines that go through the 
peaks on the spectrum.  

ÅThis is an integration line that is measured to 
obtain the height for each peak.  

ÅThese heights are then compared with each 
other.  

ÅNote that the ratio of 60:45:14 is approximately 
4:3:1.  

ÅNote that there are three different kinds of 
protons on this molecule: 3 methyl protons (the 
"3"), 4 methelenyl protons (the "4") and 1 
methynl protons (the "1").  

ÅThe integrator signals tell you information about 
the numbers of H's in proton NMR (pNMR). 
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The same idea using the bottom ppm  

scale instead of the top Hz scale. 
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The next logical step, then, is to examine how this 

might be used on a daily basis in health care.  

That is by MRI.  

MRI came about because when it first was used, the 

public felt frightened about the word "nuclear".  

So a PR firm was hired to put a positive spin on it.  

They decided to leave off the "N" and add the "I" for 

Imaging.  

Still the same thing -- it's all in the presentation.  
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MRI:  Human Applications 

ÅHad to decide what to look for in the body. There 
are lots of organic compounds in the body that 
contain protons. Water, of which we are made 

up the most is HOH -- has a proton.  

ÅThe next problem was how to spin the patient in 
the magnet.  

ÅThe conditions necessary to make MRI work are 
to hold the Rf at a constant and the magnetic 

field energy at the energy for water (i.e., also a 
constant).  
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MRI:  Drawbacks 

ÅThe patient can NOT have any magnetic 
items on or in their body. VERY 

dangerous!  

ÅThe patient must hold still and in less 
recent models the patient slot was small. 
That's getting better. It is also expensive. 

ÅThe plus is that the images are better and 
MRI gives better diagnostic capabilities 

than CT.  



Mass Spectrometry 

A Q&D Overview 

37 



Why Discuss Mass 

Spectromtery? 
ÅMass Spectrometry makes determining 

chemical formulas and structures fairly 

simple. 

ÅMass Spectrometry takes advantage of 

chemistry topics that youôve already 

studied. 

ÅThe biggee is ñEmpirical Formulasò ï 

these have applications to mass 

spectrometry 
38 



Empirical Formulas 

ÅThe empirical formula of a compound is defined 

as the "simplest whole number ratio of the 

atoms" in a compound.  

ÅThe best way to learn how to determine the 

empirical formula of a compound is to see the 

mechanics involved with the arithmetic 

manipulation of data:  

ÅE.g. 1: A compound contains 92.3% carbon 

and 7.7% hydrogen. Calculate the empirical 

formula of the compound. 

39 



To solve this problem, there are four steps:  

 

Å1) "Convert" % to grams. 

 

92.3 g + 7.7 g = 100 g sample  

  

Å2) Determine the number of moles of each 
atom in the sample.  
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mol
Hg

mol
Hg

molmol
Cg

mol
Cg

7.7
1

1
*7.7

7.769.7
12

1
*3.92

=

º=



Å3) Divide both numbers of moles by the 

smallest number of moles (this step 

reduces the numbers to usable amounts). 

 

Å  
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1
7.7

7.7
:

1
7.7

7.7
:

=

=

HFor

CFor



Å 4) Write the empirical formula. 

 

Å C1H1 or CH 

 

Å What, though, would you do if you were told that the compound had 
a molecular weight of 26 and you needed to calculate the molecular 
formula? 

 

Å The simplest is to divide the molecular weight (26) by the empirical 
weight (13) and see that it is 2 (or twice as heavy as the empirical 
formula). 

 

Å Double the formula and you get: C2H2  or acetylene (ethyne). 

 

Å We take advantage of this knowledge when we perform mass 
spectroscopy. 

42 



Mass Spectrometer Layout 

43 



Å Sample injected into sample holder/chamber 

Å Sample vaporized by heat coil 

Å Sample bombarded by electrons from electron beam generator 
(some folks call this an electron ñgunò) 

Å Excess electrons boil off generator and are attracted to the Anode 
(positively charged) 44 



ÅRemainder of electrons interact with (bombard) the 
sample cloud to generate sample cations 

ÅCations attracted to cathode (negatively charged) and 
are partially focused into a beam to enter the MS Tube 45 



ÅSample beam travels under vacuum to the slitted 
magnetic field particle accelerators ï further focuses 
the beam of the sample cations and prepares the 
beam to ñslingshotò around the tube bend. 

46 



ÅAs the beam approaches the electromagnet, the 
magnetic field causes the beam to split into ñthreeò 
beams: 
ïHeavy beam (blue beam) 

ïñCorrect beamò (green beam) 

ïLight beam (orange beam) 
47 



ÅñCorrect beamò of 
fragments and/or 
molecules and/or 
ions hits the 
detector 
apparatus where 
itôs digitized for 
read-out on the 
result visualizer. 

ÅThe mass 
spectrum on the 
visualizer is that of 
water:  tallest 
peak is 18/1 (m/z; 
for water, itself); 
second highest is 
17/1 (for OH 
fragment); third 
highest is 16/1 (for 
atomic oxygen). 48 



Mass Spectrometry:  Some 

Examples 

49 



ÅThe mass spectrum 
identifies molecular mass 
and molecular 
particle/fragment masses 
of a parent compound. 

ÅWhen a mass spectrum is 
visualized, it is a ñbar/lineò 
graph set on a set of axes 
as at upper right. 

ÅThe mass spectrum for 
water, BTW, is lower right 
for an illustration of the 
ñbar/lineò graph. 

ÅNewer MSô seem to be 
using ñpeaksò in some 
instances, rather than 
ñlinesò. 

50 



ÅThe vertical axis is 

Relative Abundance ï 

usually the highest 

peak is given the 

value of ñ100ò. 

 

ÅThe horizontal axis is 

the mass/charge 

ratio, often expressed 

as m/z or m/e. 

51 



ÅHow does one obtain the mass spectrum 

of a compound, barring the techno-

mechanical portion of this activity? 

 

 

 

ÅñCircle +ò = radical ion 

52 



Water Mass Spectrum 
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ÅWhat do we know 
combines to give a 
mass of 18?   

ÅH = 1 and O = 16,  

Å16 + 2 = 18 

ÅWater (H2O) is the 
correct response 



Methane Mass Spectrum 

ÅWhat do we know combines to give a mass of 16?   

ÅH = 1 and C = 12,  

Å12 + 4 = 16 

ÅMethane (CH4) is the correct response 
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Acetylene (Ethyne) Mass 

Spectrum 
Å Sample contains C and H. 

Å There is another way to determine 
the compound.  Thatôs to look at 
the smaller fragments and work 
forward. 

 

Å The smallest peak is 12 m/z 

Å The next smallest peak is 13 m/z 

Å 12 is pretty clear to be C 

Å 13 is equally as clear because 
there is only one element with a 
mass of 1:  H, therefore, 13 must 
be for CH 

Å The peak with the highest MW is 
26. 

Å 26/13 = 2, hence, the compound 
must be C2H2, or ethyne. 
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ÅThe 25 peak is C2H 

and the 24 peak is C2 



Methanol Mass Spectrum 
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ÅSample contains C, H, O 

ÅTwo oxygens is ruled out 
(r/o):  smallest fragment 
peak would be 16 and 
there is no 16 peak. 

ÅSmallest peak is 28:  12 
for C and 16 for O makes 
28 

ÅHighest m/e peak is at 
32, must be 4 H, as well. 

ÅFormula is CH4O ï since 
there is NO CH4O, it must 
be CH3OH, or methanol 

Å32 peak is CH3OH 

Å31 peak is CH3O 

Å29 peak is CHO 

Å28 peak is CO 



Air Mass Spectrum 
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Å40 = Ar 

ÅSmallest peak is 14 = 

N 

ÅNext smallest peak is 

16 = O 

Å20 peak is half of Ar 

(from a 2+ chg for Ar:  

40/2 m/z) 

Å28 peak is N2 

Å32 = O2 



Fluoromethane Mass Spectrum 

Å14 peak = 12 (C) and 2 (H) 

Å15 peak = CH3 

Å34 peak = CH3 + 19 

ïElement with MW of 19 = F 

Å33 peak = CH2F 

Å32 peak = CHF 

Å31 Peak = CF 

ÅFormula, then, is CH3F 

58 



Formaldehyde Mass Spectrum 

Å12 peak = C 

Å13 peak = CH 

Å14 peak = CH2 

Å16 peak = O 

Å28 peak is 12 + 16 = 
CO 

Å29 peak = COH 

Å30 peak = COH2 

ÅThe only thing that fits 
is formaldehyde ï no 
element has a mass of 
30 59 



Mass Spectrometry Used to 

Determine Abundance of Isotopes 

in Nature 
ÅSample contains HCl ï 
whatôs the proportion of 35Cl 
to 37Cl in nature? 

Å 35 peak is 35Cl 

Å 37 peak is 37Cl 

ÅRatio of peak heights = 3:1, 
hence 3X as much 35Cl as 
there is 37Cl 

Å 36 peak is from H 35Cl 

Å38 peak is from H 37Cl 

Å35 peak called ñAò peak 

Å37 peak called ñA+2ò peak 
since is 2 mass units 
heavier/beyond the 35 peak 

60 



Mass Spectrometry Used to Determine Abundance 

of Isotopes in Nature 

Å Sample contains methyl bromide (bromomethane) ï whatôs the proportion of 79Br and 
81Br in nature? 

Å 15 peak is CH3 peak 

Å 79 and 81 peaks in almost equal amounts ï big clue 

Å Hence almost equal ï one can actually calculate the numbers based on the actual 

peak heights 

Å 94-79 = 15 for the methyl 

Å 96-81 = 15 for the methyl 

Å Since the 94 and 96 peaks differ only by methyl, the peak heights are also another clue 

as to the abundance of the two isotopes. 
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Mass Spectrum of Oleic Acid 

Å Source:  http://lipidlibrary.aocs.org/ms/ms21/index.htm 

Å Point of this spectrum is two-fold: 

ï 1)  M+ is the m/z for the highest MW fragment of oleic acid ï actual = 282.46 

ï 2)  Mass Spectra are not as ñcleanò as the mass specôs that I built in Paint. 
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http://lipidlibrary.aocs.org/ms/ms21/index.htm


Mass Spectrum of EPA 
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Å Source: http://lipidlibrary.aocs.org/ms/arch_xyz/xyz_fa/a006.htm 

Å Point of this spectrum is two-fold: 
ï 1)  M-1 is the m/z for the highest MW fragment of EPA (20:5, n-3; actual MW = 
302.46; spectrum didnôt go out far enough) 

ï 2)  Mass Spectra are not as ñcleanò as the mass specôs that I built in Paint. 

 

http://lipidlibrary.aocs.org/ms/arch_xyz/xyz_fa/a006.htm
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Å Source: http://lipidlibrary.aocs.org/ms/arch_xyz/xyz_fa5/lip002.htm 

Å Point of this spectrum is two-fold: 

ï 1)  M+ is the m/z for the highest MW fragment of cholesterol (actual = 386.65) 

ï 2)  Mass Spectra are not as ñcleanò as the mass specôs that I built in Paint. 

 

Mass Spectrum of Cholesterol 

http://lipidlibrary.aocs.org/ms/arch_xyz/xyz_fa5/lip002.htm
http://lipidlibrary.aocs.org/ms/arch_xyz/xyz_fa5/lip002.htm
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Å Source: http://forendex.southernforensic.org/index.php/spectra/view/VGVzdG9zdGVyb25lIE1TLnBuZw%3D%3D/336 

Å Point of this spectrum is two-fold: 

ï 1)  M+ is the m/z for the highest MW fragment of testosterone (actual = 288.39) 

ï 2)  Mass Spectra are not as ñcleanò as the mass specôs that I built in Paint. 

 

Mass Spectrum of Testosterone 

http://forendex.southernforensic.org/index.php/spectra/view/VGVzdG9zdGVyb25lIE1TLnBuZw==/336
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Å Source: http://www.osha.gov/dts/sltc/methods/partial/pv2001/2001.html 

Å Point of this spectrum is two-fold: 

ï 1)  M+ is the m/z for the highest MW fragment of estradiol (actual = 272.39) 

ï 2)  Mass Spectra are not as ñcleanò as the mass specôs that I built in Paint. 

 

Mass Spectrum of Estradiol 

http://www.osha.gov/dts/sltc/methods/partial/pv2001/2001.html
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Å Source: http://www.osha.gov/dts/sltc/methods/partial/pv2001/2001.html 

Å Point of this spectrum is two-fold: 

ï 1)  M+ is the m/z for the highest MW fragment of estriol (actual = 288.39) 

ï 2)  Mass Spectra are not as ñcleanò as the mass specôs that I built in Paint. 

 

Mass Spectrum of Estriol 

http://www.osha.gov/dts/sltc/methods/partial/pv2001/2001.html
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Å Source: http://www.osha.gov/dts/sltc/methods/partial/pv2001/2001.html 

Å Point of this spectrum is two-fold: 

ï 1)  M+ is the m/z for the highest MW fragment of estrone (actual = 270.37) 

ï 2)  Mass Spectra are not as ñcleanò as the mass specôs that I built in Paint. 

 

Mass Spectrum of Estrone 

http://www.osha.gov/dts/sltc/methods/partial/pv2001/2001.html
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Å Source: http://www.osha.gov/dts/sltc/methods/partial/pv2001/2001.html 

Å Point of this spectrum is two-fold: 

ï 1)  M+ is the m/z for the highest MW fragment of progesterone (actual = 314.47) 

ï 2)  Mass Spectra are not as ñcleanò as the mass specôs that I built in Paint. 

 

Mass Spectrum of Progesterone 

http://www.osha.gov/dts/sltc/methods/partial/pv2001/2001.html
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Alkyl groups 

ÅWhile alkanes can be and are exciting in and of 
themselves, there is more to organic chemistry 
than just looking at alkanes.  

ÅWe must have a way in which to name them 
when they become reactive or when an organic 
functional group substitutes onto a hydrocarbon 
chain for a hydrogen atom.  

ÅWhen an alkane loses a hydrogen atom, the left 
over hydrocarbon becomes an "alkyl" group -- 
"alk" for the parent hydrocarbon and "yl" to 
indicate that it is a reactive radical  
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ÅIf methane (CH4) 
were to lose a 

hydrogen atom, it 
becomes the 
methyl radical 

(CH3Å), where the 
dot represents the 
left-behind electron 
after the hydrogen 
atom was removed 

from methane.  



ÅThe same applies to 
ethane (C2H6) when it 
loses an electron to 
become the ethyl 

radical: (CH3CH2Å).  

ÅThese are the two 
simplest alkyl radicals.  

ÅThe following radicals 
have isomers and 

require memorization.  

ÅIn most cases, their 
common names make 
NO sense -- that's why 
we have a systematic 

manner in which to 
name them coming up.  
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Propyl Radicals -- Detail 
Å When propane loses an electron, it may lose 

it from either one of the end carbons or from 
the middle carbon. The end carbons, notice, 
are directly bonded to only one other carbon 
atom. These carbons are called primary or 
first degree carbons. Hydrogen atoms or 
other substituting groups carry the same 
nomenclature when they are bound to first 
degree or primary carbons. The middle 
carbon, though, is bonded directly to two 
carbons. This carbon is a secondary or 
second-degree carbon. Hydrogen atoms or 
substituting groups onto a secondary carbon 
carry the same name, i.e., the hydrogen 
would be called a secondary hydrogen 
because it was bound to a secondary carbon.  

Å  When the hydrogen atom is lost from one of 
the end carbons in propane, the radical is 
called the n-propyl radical and is a primary or 
first degree radical. When the hydrogen atom 
is lost from the middle carbon, this is called 
the isopropyl radical by common name. This 
radical is a secondary or second-degree 
radical. For propane, then, there are 2 
isomers. 
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Butyl Radicals -- Detail 
With butane, it gets a bit hairier. There are 4 
isomers of the butyl radical. If the hydrogen 
atom is removed from the end carbon, the 
n-butyl radical is obtained. If the hydrogen 
atom is removed from the second carbon 
while all 4 carbons are in a 4-carbon chain, 
the secondary-butyl radical is obtained. 
These are the easy isomers. The more 
complicated isomers involve taking one 
carbon atom from the 4-carbon chain and 
attaching it to the middle carbon of the 
leftover 3-carbon chain. The center carbon, 
now, is directly bonded to 3 carbon atoms. 
This carbon is, then, a tertiary or third 
degree carbon and the hydrogen atom on it 
is a tertiary or third degree hydrogen atom. 
When the tertiary hydrogen is removed, the 
t-, tert-, or tertiary butyl radical is obtained. 
But, wait! What if you leave that one and 
remove a hydrogen atom from one of the 
primary carbons? Then, you obtain the 
isobutyl radical -- see what I mean about 
the common names not making sense? Do 
NOT try to make the common names or 
nicknames make sense -- won't work, e.g., 
the pentyl radical isomers.  
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IUPAC -- the International Union for 

Pure and Applied Chemistry 
ÅSo now that we know that we can't make sense 

out of common names, what do we do?  

ÅWe fall back onto the IUPAC -- the International 
Union for Pure and Applied Chemistry.  

ÅThe IUPAC met to determine a systematic 
manner in which to name compounds so that 
EVERYONE would know exactly which 
compound EVERYONE was talking about.  

ÅThe rules are pretty straight-forward and we'll 
walk through a few of them as we delve deeper 
into this fascinating field of chemistry!  
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When naming alkanes 

1. name the longest continuous "straight" 
chain (remember, the carbon atoms are 
in sp3 hybridization so the chain is not 
"straight", rather it is "bent" continuously), 

2. enumerate the substituting groups with 
the lowest numbers possible and  

3. if there is more than one group, 
alphabetize the substituting groups 
regardless of enumeration.  
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Example 

Note that there are two ways in which count the numbers of carbon atoms: from the left or from the 

right. It is only after you assign numbers to the carbons in the longest chain that you can see that 

you number this one from the right going left. To do otherwise puts substituting groups at carbons 

3, 5 and 6; when done, in this case, from the right, the substituting groups are now on carbons 2, 3 

and 5.  

 The longest continuous chain is 7 carbons: it's a heptane. The substituting groups are all methyl 

groups (CH3· ), and they are on carbons 2, 3 and 5. Since they are identical groups, we'll group 

them as "trimethyl" for "three methyl groups"; the "di" or "tri" type of prefixes are not used to 

alphabetize, BTW. To name the compound, it is 2,3,5-trimethylheptane. Note that this is ALL one 

word. Numerals are kept separated from each other by commas. Numbers and letters are 

separated by dashes. The name tells everyone that the longest chain is 7 carbons long, it's an 

alkane and there are methyl groups on carbons 2, 3 and 5. 



79 

Example 

In this case, the longest chain is 6 carbons long. While it really 

doesn't matter how we enumerate the carbons in this example, 

for "neatness" we'll number from the top to the bottom (this 

makes the alphabetization easier). The longest chain is 6 

carbons long and there are only single bonds between the 

carbons. The longest chain, then, is hexane. There are 2 

substituting groups on the hexane: an ethyl group on #3 and a 

methyl group on #4. By alphabetizing the substituting groups, the 

name is 3-ethyl-4-methylhexane.  



80 

Example 

The longest chain is 10 carbons long: decane. We enumerate 

the carbons from right to left (in right image and vice versa in 

left image; can you figure out why?).There are 2 methyl groups 

on carbons 2 and 8; an ethyl group on carbon 4 and an 

isopropyl group on carbon 6. The name, then, is 4-ethyl-6-

isopropyl-2,8-dimethyldecane. Do you see how the name 

makes it easy to draw the structures?  
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Example 

This is a symmetrical molecule, with the longest chain being 5 

carbons long. The substituting groups are on carbons 2, 3 and 4 -- 

regardless how you count them. This molecule is 2,3,4-

trimethylpentane.  
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A Couple of Reactions Characteristic of Alkanes: 

Halogenation and Combustion Reactions.  

ÅHalogenation reactions do just what the name 

says: they put halogens on compounds.  

ÅChlorine is more reactive than bromine and 

tertiary hydrogens are more easily extracted 

than secondary hydrogens, which are more 

easily extracted than primary hydrogens.  

ÅAs a general rule, an "X" represents a halogen.  
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The Simplest Halogenation Reaction: The 

Halogenation of Methane  

The reaction is driven by either light (hn) and room temperature (RT) or 

by temps between 250 and 400Á C. Note that the products are 

halomethane (chloromethane if we had used chlorine; bromomethane 

had we used bromine) and the hydrohalic acid (HCl or HBr, 

respectively, with our earlier example).  
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Halogenation Reaction Example 

ÅThe reaction with ethane is very straight-forward: chloroethane and hydrochloric acid are obtained.  

ÅThe reaction with propane, though, is not as clear. Remember those primary and secondary 

hydrogens? That's what makes it so murky. There will be two halohydrocarbon products: 

chloropropane and 2-chloropropane -- did I need to put a "1" in front of the chloropropane? No. If 

there is no number, it is understood to be the "1" substitution. In the latter reaction note that the HCl 

is not included. For my classes, it's not necessary to be as anal retentive with organic chemistry as 

it is in inorganic chemistry, i.e., I'm interested in the organic products, not the trivia.  

Å Note in the figure that there are arrows pointing to the two products of the halogenation of 

propane. Given the higher reactivity of secondary hydrogens, in the olden days, the 2-halopropane 

was considered the MAJOR product and the halopropane was considered the MINOR product. We 

now know that that is not necessarily the case.  

ÅWeôll discuss why this phenomenon occurs later in the course. 
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Combustion Reactions 

Å Go on around us every day: driving a car powered by gasoline or diesel, 

using natural gas water heaters or dryers or by burning coal for 

electricity.  

Å As a general rule, when an alkane is burned in the presence of 

excessive oxygen, carbon dioxide and water are formed: 

Note that you always get 1 more mole of water vapor than the 

number of carbons in the original alkane, e.g., if you were to 

combust eicosane, you would obtain 20 moles of carbon dioxide 

and 21 moles of water vapor.  
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Combustion Examples 

The first is the combustion of hexane to 6 moles of carbon 

dioxide and 7 moles of water vapor and the second is the 

combustion of octane to 8 moles of carbon dioxide and 9 

moles of water vapor.  



Incomplete, Abnormal, Combustion of 

Hydrocarbons 

ÅMajor Health Concern 

 

ÅñOldò, Inefficient Propane Burners 

 

Å2 C3H8 + 7 O2 Ÿ 6 CO + 8 H2O + heat  

 

ÅDeadly 

 

ÅFrom Gasoline, as well. 
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Alkenes  
ÅAlkENES are hydrocarbons that 

contain one double bond 
between two carbon atoms.  

ÅThe general formula for an 
alkene is CnH2n.  

ÅThe two carbons are in sp2 
hybridization and have a planar 
triangular (trigonal planar) 
geometry.  

ÅThere is 1 sigma bond and 1 pi 
bond between the two carbon 
atoms.  

ÅThere is NO freedom of rotation 
about the double bond as there 
is in the single bonds in 
alkANES.  
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ÅThe simplest alkene is ethene -- "eth" for 2 

carbons and "ene" for the double bond -- 

C2H4  
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ÅPropene, C3H6, has only one conformation.  

ÅThe Butene family has 4 isomers.  

ÅButene has the double bond between the first two 

carbons in the 4-carbon chain. 2-butene has 2 

isomers, both of which have the double bond 

between the 2d and 3d carbons. If you look at the 

first 2-butene, you'll note that the 2 hydrogen 

atoms on the carbons involved in the double 

bonds are across from each other and on opposite 

sides of the double bond plane. This is the trans 

isomer. Thus, this molecule is called trans-2-

butene. The bottom 2-butene isomer you'll note 

has the hydrogen atoms on the same side of the 

plane of the double bond. This is the cis isomer. 

Thus, this molecule is called cis-2-butene. The last 

isomer in the butene family is a 3-carbon chain 

with a methyl group off the 2d carbon. It is called 

2-methylpropene.  
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Naming alkenes is about as simple 

as naming alkanes. 

ÅAnother rule, though, is to give the location 

of the double bond numerically and give it 

the lowest number possible.  

Example 
VThe longest chain is 5 carbons long.  

VThe double bond is between carbons 2 and 3 -- 

thus it is a 2-ene.  

VYou only give the lowest number of the carbon in 

the double bond, not both numbers.  

VThere is a methyl group on carbon #2.  

VThe name of this compound is 2-methyl-2-pentene.  
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Example 

Åcis-4-octene and trans-4-

octene.  

ÅBoth have 8 carbon chains with 

a double bond between carbons 

4 and 5.  

ÅThe former has both hydrogen 

atoms on the same side of the 

plane of the double bond and 

the latter has the hydrogens on 

opposite side of the plane of the 

double bond.  
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Example 

There are 7 carbons in its longest continuous chain. There is 

a methyl group on carbon #3 and an ethyl group on carbon 

#4. There is a double bond between carbons 3 and 4. The 

name of this compound is 4-ethyl-3-methyl-3-heptene.  
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Di-enes 
ÅA four carbon chain with double bonds 

between carbons 1 and 2 and carbons 3 

and 4 is called 1,3-butadiene.  

ÅA seven carbon chain with double bonds 

between carbons 1 and 2 and carbons 5 

and 6 is called 1,5-heptadiene.  

ÅA four carbon chain with double bonds 

between carbons 1 and 2 and carbons 2 

and 3 is called 1,2-butadiene.  

ÅThe last example in this graphic has 10 

carbons in its longest chain, double bonds 

between carbons #1 and 2 and carbons 

#6 and 7. Off carbon #6 is an ethyl group 

as there is off carbon #7. The name of this 

compound is 6,7-diethyl-1,6-decadiene.  
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There are 3 reactions about 

which you need to be aware 

regarding alkenes; 

hydrogenation, 

hydrohalogenation and 

hydration.  
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Hydrogenation  

Molecular hydrogen requires a catalyst such as Rainey nickel, Pt or 

Pd to add across a double bond. The reason for this is that the 

molecular hydrogen spreads out across the powdered catalyst and 

"separates" into atomic hydrogen, making it more reactive. In the 

course of the reaction regarding 2-butene, the bond polarizes and 

the two electrons in one of the bonds are repelled forming a 

reactive radical on carbons 2 and 3. The atomic hydrogen reacts 

with these reactive moieties forming (reducing the alkene to) the 

alkane, butane.  
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Hydrohalogenation  -- #1 

The use of a hydrohalic acid to add across the double bond, reducing the 

alkene to a haloalkane, may be performed under two conditions where HBr is 

concerned. The first is without the presence of peroxides. In this case, the H 

in the HBr adds to the carbon in the double bond with the most hydrogen 

atoms on it and the Br adds to the carbon in the double bond with the least 

number of hydrogen atoms. This is called Markovnikov addition. In short: 

them that has, gets! Or, the rich get richer. This means that the carbon in the 

double bond that is richer in hydrogen atoms gains the hydrogen atom from 

the HBr. The short version is that the bond polarizes and the Br separates 

(dissociates) from the H so that they may react with the reactive portions of 

the radical. The product of this reaction with propene is 2-bromopropane.  
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Hydrohalogenation -- #2 

The second is an interesting phenomenon that seems to occurs 

only with HBr: in the presence of peroxides, the H and the Br 

react in an anti-Markovnikov fashion, i.e., the rich don't get richer. 

Or, them what don't have, gets. Using propene, again, when 

peroxides are present, the product is 1-bromopropane. 
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Hydration 

ÅIs the addition of water (HOH) across the double bond.  

ÅThis reaction occurs in a Markovnikov manner and requires a 

mineral acid as the catalyst. The OH reacts with the 2d 

carbon in the double bond and the H reacts with the first 

carbon in the double bond.  

ÅThe product is, by common name, isopropyl alcohol or, by 

IUPAC, 2-propanol.  

ÅOrganic compounds that contain the OH group are called 

alcohols.  
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Alcohols  
Å Although they are a bit out of sequence, 

since they have been mentioned, 
above, we'll discuss alcohols at this 
time.  

Å Alcohols consist of carbon, hydrogen 
and oxygen.  

Å They are named by the same rules 
we've already discussed with one 
addition: by IUPAC, the name of an 
alcohol ends in "ol".  

Å The simplest alcohol is methanol 
(CH3OH). Methanol (methyl alcohol by 
common name) is named as follows: 
"meth" for one carbon, "an" for the 
alkane and "ol" for the OH group.  

Å Ethanol (ethyl alcohol by common 
name), C2H5OH, has two carbons, all 
single carbon-carbon bonds and the OH 
group. 



ñPropò alcohols 
Å Like the alkyl radicals, the 

alcohols have isomers that 

follow the radicals. In the propyl 

alcohol family, there are two 

isomers: 1-propanol (n-propyl 

alcohol by common name) and 

2-propanol (isopropyl alcohol by 

common name). The numbers 

tell you where the OH group is 

on each isomer.  

 

ÅImage, right, is of isopropyl 

alcohol or 2-propanol 
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Å Like the alkyl radicals, the alcohols 

have isomers that follow the 

radicals. In the propyl alcohol family, 

there are two isomers: 1-propanol 

(n-propyl alcohol by common name) 

and 2-propanol (isopropyl alcohol by 

common name). The numbers tell 

you where the OH group is on each 

isomer.  

Å In the butyl alcohol family, there 

are 4 isomers: 1-butanol (n-butyl 

alcohol by common name), 2-

butanol (sec-butyl alcohol by 

common name), 2-methyl-1-

propanol (iso-butyl alcohol by 

common name) and 2-methyl-2-

propanol (t-, tert- or tertiary butyl 

alcohol). 
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ÅIn the pentyl family, there 

are 6 isomers:  

Å1-pentanol (n-pentyl 

alcohol by common name),  

Å2-pentanol (sec-pentyl 

alcohol by common name),  

Å3-pentanol,  

Å2-methyl-1-butanol 

(isobutyl alcohol by 

common name),  

Å2,2-dimethyl-1-propanol 

(neopentyl alcohol by 

common name) and  

Å2-methyl-2-butanol (t-, 

tert- or tertiary-pentyl 

alcohol by common name).  
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ÅThe reactions of alcohols with which you 

need to be well versed are two: 

Dehydration and Oxidation.  
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Dehydration Reactions 
ÅWhen dehydrating alcohols, the bottom line is two-fold: 

1) tertiary alcohols are more reactive than secondary 

and secondary alcohols are more reactive then primary 

alcohols and 2) water is always removed in dehydration 

reactions. 

Å The dehydration of primary, secondary and tertiary 

alcohols follows the same general principles. The 

reaction requires heat and sulfuric acid. The OH is 

always lost as the hydroxide ion and the H is always 

removed as the proton -- note that H+ + OH- ­ HOH. In 

general, the hydroxide ion and proton "lasso" each 

other leaving a negatively charged carbon ion behind 

(carbanion) where the proton was removed and a 

positively charged carbon ion behind (carbocation) 

where the hydroxide ion was removed.  

ÅSince opposite charges attract, the two electrons on 

the carbanion "flip" down onto the carbocation, 

"sealing" the bond and leaving us with the alkene 

product, e.g., propene, propene and 2-methylpropene 

per the graphic in order. 
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Oxidation of 

Alcohols 

ÅThere are 3 general rules about which 

you need to know:  

Å1) primary alcohols are oxidized 

to aldehydes which may be 

oxidized to acids,  

Å2) secondary alcohols are 

oxidized to ketones and  

Å3) tertiary alcohols either do not 

react or explode violently.  

ÅOxidizing agents include potassium 

dichromate, potassium permanganate 

or chromium (VI) oxide.  

ÅAs you can see in the graphic, ethanol 

may be oxidized in a step-wise manner 

to ethanal (acetaldehyde by common 

name) which may then be oxidized to 

ethanoic acid ("eth" for 2 carbons, "an" 

for the alkane and "oic" as it's an 

organic acid; common name is acetic 

acid).  

Å2-butanol is directly oxidized to 2-

butanone ("but" for 4 carbons, "an" for 

the alkane and "one" for the ketone; the 

"2" tells us that the double bonded 

oxygen atom is bonded on carbon 

number 2; the common name for this 

compound is methyl ethyl ketone or 

MEK). T-butyl alcohol, of course, 

doesn't react.  
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Diols and Triols  
ÅAlcohols don't just come as a single OH 

group on a hydrocarbon. Sometimes there 

are 2 OH's (diols) or 3 OH's (triols).  

ÅEthylene glycol is known as 1,2-ethanediol 

and is used as an antifreeze. Efforts are 

being made to reduce its use as it's not 

environmentally friendly.  

ÅPropylene glycol is known as 1,2-

propanediol and is used as a preservative.  

Å Glycerin is also known as 1,2,3-

propanetriol. It is used as a lubricant and a 

precursor in the synthesis of nitroglycerine. 

One way that cardiac patients can tell if their 

nitro is going bad is if the headache they get 

while using it doesn't hurt as bad. Explosives 

people who work in the nitro shack often go 

home with headaches from working around 

nitro all day. 
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Poly-ols 

Å The last group of alcohols for discussion are the "polyols" or the 
carbohydrates. There are, for all intents and purposes, 2 classes of 
carbohydrates: pyranoses and furanoses. These two classes are so 
called because their carbon skeletons are based off of pyran and 
furan. Note that both pyran and furan each have an oxygen atom in 
the closed ring. At each corner is a carbon atom.  

Å  Carbohydrates are generally seen as sources of quick energy. They 
consist of carbon, hydrogen and oxygen. In the old days, they were 
named carboHYDRATES as the ratio of hydrogen to oxygen was 
thought to be 2:1. We now know differently, although the name has 
stuck throughout time. There are three categories of carbohydrates 
in which we have interest: monosaccharides, disaccharides and 
polysaccharides. 

Å Carbohydrates will be discussed later in this course. 
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Alkynes 

ÅGetting back into sequence with 
the hydrocarbons, our next 
functional group for discussion is 
the alKYNES.  

ÅThe general formula for the 
alkynes is C2H2n-2.  

ÅAn alkyne is a hydrocarbon that 
has a triple bond between two 
carbons: one a sigma bond and 
the other 2 are pi bonds.  

ÅThe geometry is linear and the 
hybridization is sp.  

ÅThere is no freedom of rotation 
about the triple bond.  



Ethyne 

ÅThe simplest 

alkyne is ethyne 

-- "eth" for 2 

carbons and 

"yne" for the 

triple bond.  

ÅThe common 

name for ethyne 

is acetylene.  
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ÅThe next simplest alkyne is 

propyne.  

ÅOnce we get past propyne, we 

move into the alkynes that 

have isomers.  

ÅIn the butyl alkyne family, 

there are 2 isomers: 1- and 2-

butyne where the triple bond is 

between carbons 1 and 2 and 

carbons 2 and 3, respectively.  

ÅLikewise, the pentyl family has 

two continuous chain isomers: 

1- and 2-pentyne.  

ÅThe hexyl family of alkynes is 

more complex and only a few 

isomers are shown for 

examples.  
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ÅThere are two general kinds of reactions 

that you need to be aware of with alkynes: 

hydrogenation (reduction of the triple 

bond) and hydration.  
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Hydrogenation 

ÅThe first is the hydrogenation of an 

alkyne with molecular hydrogen and 

Rainey Ni to reduce the alkyne to 

the cis alkene isomer, top. Again, 

simple mechanistics are used so 

that you can see the, more or less, 

elementary movement of electrons 

and bonds.  

ÅThe  bottom of the figure shows the 

other hydrogenation reaction: the 

utilization of either sodium or lithium 

with aqueous ammonia to form the 

trans alkene isomer. This 

mechanism is not understood.  
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Hydration Reactions -- #1 

ÅThe production of an aldehyde from an alkyne is illustrated above.  

ÅEthyne reacts with water, sulfuric acid and mercuric sulfate to form 

ethanal (common name acetaldehyde; "eth" from 2 carbons, "an" for 

the alkane and "al" for the aldehyde functional group).  

ÅIn a nut-shell, two electrons in one of the pi bonds polarize and repel 

each other forming a reactive alkenyl group. Water reacts at each 

radical to form an alcohol-like intermediate. Simultaneously, the proton 

on the OH leaves. The 2 electrons left behind by the proton loss "flip" 

down to bond with the carbon atom. Since carbon can only take 4 

bonds, one bond has to give somehow.  

ÅThe remaining pi bond then "flips" down much like how dominoes 

push each other over. The two electrons that just flipped down bind 

the proton, completing the reaction.  
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Hydration Reactions -- #2 

 In the case of an intra chain (i.e., mid-chain) triple bond, the mechanism is 

pretty much the same, albeit inside the carbon chain rather than on the end 

of the carbon chain. The products, though, are 1) different and 2) more than 

one. The products are ketones and there will be a mixture of two products. 

The first product from the reaction of 2-pentyne is 2-pentanone and the 

second product is 3-pentanone. "Pent" from 5 carbons, "an" for the alkane 

and "one" for the ketone; the numbers tell you that the double-bonded 

oxygen is on carbon #2 and carbon #3, respectively.  
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Aldehydes 
ÅThe functional group of an 

aldehyde is an end carbon 

that is double bonded to an 

oxygen and single bonded to 

a hydrogen atom.  

ÅThe remaining fourth bond 

may be bound to either 

another hydrogen atom (to 

make formaldehyde -- 

methanal by IUPAC) or to a 

hydrocarbon "tail".  

ÅThe names that end in "al" 

are the IUPAC names.  

ÅImage, right, is of ethanal or 

acetaldehyde 



117 

Aldehydes 
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Ketones 

Å The functional group of a ketone is a double bonded oxygen atom to a 
carbon atom. That carbon atom MUST be bonded to two other 
hydrocarbons to make the ketone.  

Å The simplest ketone is acetone for this very reason. The IUPAC name 
for acetone is propanone -- "prop" for 3 carbons, "an" for the alkane 
and "one" for the ketone.  

Å It's not necessary to enumerate the ketone in either propanone or 
butanone. Once one moves into the pentanone family and beyond, it 
is necessary to enumerate where the ketone is on the chain.  

Å Ketones are generally used as solvents. Acetone (above) is used as 
finger nail polish remover; MEK is finding some use in that area, as 
well.  
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Ketones 
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Carboxylic Acids 
ÅThe functional group of the 

organic acids is the end 
carbon double bonded to an 
oxygen and single bonded 
to an OH group.  

ÅThe COOH group, or 
carboxyl, or CO2H group 
ionizes and causes changes 
in the pH of solutions.  

ÅThe fourth remaining bond 
may be bound to a 
hydrogen atom (making 
formic acid or methanoic 
acid by IUPAC) or to a 
hydrocarbon tail.  
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IUPAC Name of 

Acid 

Common Name 

Methanoic Acid Formic acid 

Ethanoic Acid Acetic acid 

Propanoic Acid Propionic acid 

Butanoic Acid Butyric acid# 

Pentanoic Acid Valeric acid 

# from butyrium for butter  
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Hexanoic Acid Caproic acid* 

Heptanoic Acid   

Octanoic Acid Caprylic acid* 

Decanoic Acid Capric acid* 

*from Capricorn, the goat -- first isolated in goat urine or blood, depending on 

the author  
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Fatty Acids ï Special Carboxylic 

Acids -- Saturated 

Lauric Acid Myristic Acid Palmitic Acid Stearic Acid 

C12H24O2 C14H28O2 C16H32O2 C18H36O2 

Dodecanoic acid Tetradecanoic 

acid 

Hexadecanoic 

acid 

Octadecanoic 

acid 

found in coconut 

oil 

found in coconut 

oil 

found in lard found in lard 

More on these compounds later in the course. 
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Fatty Acids ï Special Carboxylic 

Acids ï Un-Saturated 
Linoleic Acid a-Linolenic Acid g-Linolenic Acid Arachidonic Acid 

9,12-

octadecadieno

ic acid 

9,12,15-

octadecatrieno

ic acid 

6,9,12-

octadecatrieno

ic acid 

5,8,11,14-

eicosatetraeno

ic acid 

ESSENTIAL for life 

18:2 D9, 12 18:3 D9, 12, 15 18:3 D6, 9, 12 20:4 D5, 8, 11, 14 

n-6 or w 6 n-3 or w 3 n-6 or w 6 

  

n-6 or w 6 

found in corn oil, 

soybean oil, 

cottonseed oil 

found in leafy 

vegetables 

and vegetable 

oils 

found in leafy 

vegetables 

and vegetable 

oils 

found in peanut 

oil, 

brain/nervous 

tissue 

More on these compounds later in the course. 
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Esters 
Å When an organic acid and an alcohol react in the presence of a 

mineral acid catalyst, an ester is obtained.  

Å Image, below, is methylethanoate. 
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Esters 
Å To name the ester formed between propanoic acid and propanol, 

name the alcohol root first ("propyl"), then name the acid root 
("propano") and add "ate" to the name, hence, propyl propanoate.  

Å Aspirin is another example of an ester (an ester has a hydrogen or a 
hydrocarbon on the acid side and a hydrocarbon on the alcohol side 
of the carboxyl group): acetylsalicylic acid, bottom.  
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A Few Notable Esters  

Esters 

Amyl acetate Banana oil 

Ethyl butyrate Pineapple 

Amyl butyrate Apricots 

Octyl acetate Oranges 

Isoamyl valerate Apples 

Esters are also used in perfumes, drugs and finger nail polish remover.  
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Ethers  

Å  NOT to be confused with esters, ethers are hydrocarbons linked to each other 
through an oxygen atom. The most commonly known ether is diethyl ether 
(CH3CH2OCH2CH3).  R-O-Rô 

Å It was used as an anesthetic until it became very obvious that it caused more 
problems than it solved. It is currently used as a starter fluid with diesel tractors. 

Å  Image, below, is of ethylisopropyl ether 



MTBE 
Å An ether that has been in the news in the past 

is MTBE (methyl-t-butyl ether). MTBE was 
originally used for a gasoline additive to reduce 
emissions and smog in winter time in areas like 
Reno, NV. While it worked, it seems that since 
it was discovered to be leaking from 
underground gas tanks at filling stations at 
Lake Tahoe that a huge flurry about the 
potential for it to be disease causing or 
carcinogenic has erupted.  

Å  MTBE was also used experimentally -- and 
may still be -- to dissolve gallstones that were 
made up primarily of cholesterol. The gall 
bladder would be visualized by ultrasound, 
then a needle would be introduced across the 
abdominal wall into the gall bladder and the 
MTBE would be injected into the gall bladder. 
The stone would dissolve within a couple of 
hours and be excreted in the bile through the 
small bowel. At the time, there were no known 
side effects of this treatment. 

Å  It remains to reputable scientists to 
demonstrate whether or not MTBE causes 
disease or cancer without any external biasing 
pressures. 
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Å  Remember from earlier lectures that esters are formed from the 
reaction of an organic acid with an alcohol.  

Å We briefly discussed some of the lower molecular weight (MW) 
esters at that time.  

Å The higher MW esters are solid waxes.  

Å Examples include  
ï ceryl cerotate (H3C(CH2)24COO(CH2)25CH3; in carnauba wax) and  

ï myricyl palmitate (H3C(CH2)14COO(CH2)29CH3; in beeswax; aka 
triacontonyl palmitate).  

Å Ceryl cerotate consists of 2 hydrocarbon chains equal in length and 
that are long -- this imparts hardness to the wax.  

Å Myricyl palmitate consists of 2 hydrocarbon chains, one of which is 
about half the length of the other -- this imparts a softer property to 
the wax. 

Waxes 
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Spermaceti is rich in palmitoyl palmitate. This is an oil in the "wax 

family" that burns well in an oil lamp. It is a liquid wax by virtue of 

the shortness of the hydrocarbon chains on either side of the 

ester linkage. 

 Waxes are found on plant leaves and fruits, animals, algae, 

fungi and bacteria. All waxes are, not surprisingly, hydrophobic 

and consist, in general, of the following in the table, below: 

  

 
n-alkanes Ketones Diketones 

1  ̄alcohols 2  ̄alcohols Aldehydes 

Alkanoic acids Terpenes Mono-esters 

All contain 12 to around 38 carbons in their 

chains. 
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Å"Wax" comes from the Old English "weax" which 
described the honeycomb of bee hives.  

ÅBeeswax may, semantically, be viewed as the 
original, reference, wax.  

ÅA generic definition of waxes is that they are 
esters of an alcohol (not to include glycerol), 
e.g., long chain (LC) alcohols, sterols, 
carotenoids, and a long hydrocarbon chain acid.  

ÅAs you might expect, waxes are saponifiable 
and are somewhat soluble in aromatic solvents, 
CHCl3, R-O-R', esters and ketones. 
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ÅWaxes may be sub-categorized into three 

groups:  

ïAnimal,  

ïVegetal and  

ïMineral waxes.  
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Animal Waxes 

Beeswax Chinese wax Shellac wax Whale spermaceti Lanolin 

-- secreted from 4 

pairs of glands on 

the ventral surface 

of the worker bee 

abdomen 

-- color is 

dependent on the 

flowers visited by 

the bees -- 

primarily lemon 

yellow 

-- easily 

saponifiable and 

emulsifiable 

-- ~7000 tons/year 

produced 

-- 60% used for 

cosmetic and 

pharmacy 

industries 

-- secreted by 

Coccus ceriferus 

and laid on tree 

branches 

-- 1500 insects 

produce 1 g of this 

wax 

-- purified wax 

used for candles 

and polish 

-- produced by 

Tachardia lacca 

of India 

-- used in 

varnish and can 

replace 

carnauba wax 

-- collected from a 

cavity in the head 

of sperm whales 

-- no longer 

harvested by virtue 

of international 

regulations 

-- 3 tons spermaceti 

per 15 meter whale 

-- about 1 ton found 

in adipose tissue in 

a 15 meter whale 

-- can be fused with 

beeswax 

-- was used in 

cosmetic/pharmacy 

industries 

-- "synthetic" cetyl 

palmitate has 

replaced it 

-- aka wool fat 

-- secreted by 

sheep sebaceous 

glands 

-- collected from 

crude wool by 

detergent washing 

-- used since 

ancient times for 

cosmetics and 

dermatologicals 

-- also used in the 

fabric, ink and 

lubricant industries 
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Vegetal Waxes 

Carnauba wax Jojoba (ho HO ba) oil 

-- aka "queen of waxes" 

-- secreted by leaves of 

Copernica prunifera cerifera: 

 

 

 

 

 

 

 

-- ~ 100 g/year/tree produced 

-- contains esterified fatty 

dialcohols ("strange") 

-- high melting point (82-88  ̄C) 

-- used for shoe polish, 

floor/furniture polishes 

-- used for candy and gum 

glazes, cosmetics 

-- fluid -- melting point ~6  ̄C 

-- from seeds of Simmondsia 

chinensis:  

 

 

 

 

 

 

 

 

Euphorbiacae 

-- resistant to oxidation 

-- used in cosmetics (shampoo, 

anti-solar oils) 

-- sulfonated/hydrogenated oils 

are used for lubricants 



136 

Mineral Waxes 

Ozocerite 

-- found in Galicia (at the risk of being politically incorrect, 

this is a province in the NW of Spain), Russia, Iran and 

US 

-- melting point about 90  ̄C 

-- used for lubricants, lipsticks and polishes and 

adhesives 

-- generally obtained from the fractional distillation of 

petroleum, shale oil, lignite, or coal  

http://www.mfa.org/_cameo/frontend/zoom.asp?pic=mineral_wax_overall.fpx&tem=1
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Å The preponderance of available information regarding waxes other 
than candle waxes involves beeswax.  

Å To that end, more space is included, below, to explore this 
fascinating topic/substance. 

Å  Beeswax, when collected, appears yellow to brown-yellow.  

Å When cold, it is brittle, hard and glossy.  

Å When warm, it is plastic and soft. For all practical purposes, it is 
water insoluble; partially soluble in cold alcohol and benzene; 
soluble in hot alcohol.  

Å Beeswax is listed a generally regarded as safe (GRAS) by the FDA.  

Å Beeswax is helpful to skin in various types of cosmetics.  

Å When mixed homogeneously with mineral oil or olive oil, the product 
soothes and protects skin.  

Å The coating left behind is soft and flexible.  

Å It resists water but may be removed with soap. 

Beeswax  



138 

 Lanolin and paraffin have largely replaced beeswax in cosmetics 

since World War II. A simple mixture for a cold cream is as 

follows: 

Component Parts 

Bleached Beeswax 1 

Water 2 

Clear Mineral Oil 3 

Borax 5 

Heat the wax and oil to 71Á C. Heat Borax and water to 

the same temperature. Mix the two mixtures together and 

let cool to 60Á C. Add fragrance and let cool to 48.9Á C 

and pour into jars. 
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Å Beeswax is prepared by either draining or centrifuging the honeycombs.  

Å The combs are melted with steam, hot water or by the sun and strained.  

Å Beeswax is easily cleaned.  

Å Refining is accomplished by melting the wax in hot water that contains 
either H2SO4 or lye.  

Å (While beeswax is a slow burner and has a melting point (MP) of 61.7-66.1° 
C, it is extremely flammable. Over a burner, extreme caution, low heat and 
close attention are mandatory.)  

Å Beeswax floats on top of the hot water while impurities settle out.  

Å The melted beeswax may then be ladled off the top and stored in either 
stainless steel or plastic pans (paper milk cartons, plastic milk and juice jugs 
are good, too).  

Å These latter 2 components (H2SO4 and lye) extract impurities.  

Å (Aqueous NaOH also seems to be the only common solvent that will loosen 
beeswax from candle molds.)  

Å Common inorganic beeswax contaminant effects include darkening when in 
contact with containers composed of Fe, Al, Cu, Zn, Brass.  

Å The wax produced in this manner is called yellow beeswax.  

Å The yellow beeswax is bleached white with peroxides or (preferred) by 
sunlight.  

Å Only 0.454 to 0.907 kg of beeswax are produced per 45.4 kg of honey 
produced.  

Å The honeybee is the only source of beeswax.  
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Specific Applications of Beeswax  
The table, below, summarizes some specific uses of beeswax: 

Automotive, textile, 

shoe manufacturing 

Soft/glossy furniture 

and floor waxes 

To wax nails to reduce 

wood splitting and 

bending of nails 

Dental molds Prevents rust 

formation on tools 

Wax polishes for wood 

and leather 

Waxing thread to make sewing easier and faster. 

 NOTE: nails waxed with beeswax do not initially have the strength 

or bond with the wood to hold it together as well as a non-waxed 

nail. This changes with time as the beeswax wears off. 
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Å A thiol sounds just like what you might think -- it's a sulfur alcohol, i.e., 
the functional group of a thiol is the SH group.  

Å Image, above, is of thioethane. 

Sulfur Derivatives: Thiols  
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Thiols  

Å 4 examples of thiol compounds are below. The old way of naming these 
compounds was to add "mercaptan" at the end of the phrase; IUPAC says 
you name it by thio followed by its alkane name, e.g., methyl mercaptan is 
thiomethane, ethyl mercaptan is thioethane, ad nauseum. The significant 
reaction between thiols is the formation of disulfide bonds -- more on this in 
the amino acid section. 
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Thioacids  

ÅThioacids, 

instead of 

having a 

COOH group, 

have a COSH 

group. 6 

examples of 

thioacids are to 

the right: 
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Nitrogen Containing 

Compounds: 

Nitro Compounds, Amines, 

Amides 
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Nitro Compounds  

ÅThe functional group of this group of compounds for this 
course is R-O-NO2 where R is a hydrocarbon. The 
illustrative nitro compound is nitrogylcerin. It's synthesis, 
is driven by reacting glycerine, nitric acid and a catalyst 
to form the nitroglycerin and water. Besides being used 
as an explosive, it is also used as a vasodilator for 
people with heart problems.  
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Amines  

Å The functional group of an amine is the NH2 group.  

Å Primary, secondary and tertiary amine illustrations follow this page. 
Note that the degree of an amine depends upon the number of 
hydrogen atoms that are replaced by a hydrocarbon group, e.g., 
primary amines have had one hydrogen replaced with one 
hydrocarbon; secondary amines have had 2 hydrogens replaced 
with hydrocarbons; tertiary amines have had 3 hydrogens replaced 
by hydrocarbons. The simplest primary amine is methylamine. Other 
examples, ethyl, n-propyl and isopropyl amine are shown in the 
figure.  

Å  The simplest secondary amine is dimethylamine, i.e., there are two 
methyl groups on the nitrogen. Diethyl, di-n-propylamine and di-
isopropylamine are illustrated, as well.  

Å  The simplest tertiary amine is trimethylamine, i.e., there are 3 
methyl groups on the nitrogen. Triethyl, tri-n-propyl and tri-
isopropylamine are illustrated, as well. 
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ÅNote needs to be 

made that these 

amines are insoluble 

in water. The 

simplest way in 

which to render 

these amines water-

soluble is to add a bit 

of acid, protonating 

the nitrogen, making 

the ion polar -- 

remember, like 

dissolves like.  

Image, above, is of the 

ethylisopropylmethylammonium 

ion 
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Amino Acids 
ÅMore in Biological 

Chemistry. 

ÅSuffice it to say that 

these compounds 

contain a carboxyl group 

(acid) and an amine 

(NH2) 

ÅImage is of Cysteine, a 

sulfur containing (thio) 

amino acid found in hair 

and nails and hooves 

and horns 
150 
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Amides  

ÅThe functional group of the amide is a 

carbon atom double bonded to an oxygen 

atom, single bonded to the NH2 group and 

either a single bonded hydrogen (to make 

formamide or methanamide by IUPAC) or 

a hydrocarbon tail. 
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ÅThe preparation of amides is a two step process. The 
first step is to react a carboxylic acid with thionyl chloride 
(SOCl2). This forms an acid chloride (R-COCl in the 
graphic) SO2 and HCl. The general mechanism is that 
one chlorine atom reacts with the hydrogen in the COOH 
group as the oxygen atom in the OH part of the COOH 
reacts with the sulfur and the other chlorine atom reacts 
with the CO . The second step is to react the acid 
chloride (R-COCl) with ammonia to form the amide and 
ammonium chloride. The elementary mechanism is that 
as the chlorine atom in the acid chloride reacts with one 
mol of ammonia and a hydrogen atom, the remaining 
NH2 reacts with the R-CO to form the amide.  

ÅMechanism is on following slide. 
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3 Examples of Amides -- Some 

Obvious, Some Hidden  
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ÅThe last group of aliphatic 
hydrocarbons, but the 
introductory group dealing with 
"ringed" structures of 
hydrocarbon compounds, to be 
discussed is shown in the 
graphic.  

ÅThese are compounds that form 
"ringed" compounds, i.e., a 
carbon chain that closes up 
onto itself resembling a "ring".  

ÅThese compounds are named, 
first, with "cyclo" in front and the 
alkane name after the prefix.  
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Å For the purposes of this course, the aromatic hydrocarbons are 
based off of benzene, C6H6. Note that there are several ways in 
which to draw the structure of benzene. These different forms are 
called resonant structures, i.e., the atoms are arranged in a constant 
manner, but the electrons in the second of the bonds are distributed 
slightly differently. The middle structure is the more correct form. 
This structure was determined in the 1800's by Kekule'. The story 
has it that he was working on the structure of benzene without the 
benefit of the technology we have, now, and he dreamed one night 
of a snake biting its tail. That gave him the idea for the circle in the 
middle of the benzene ring. The circle represents a floating half 
bond between carbons. Remember, that for the second bond in a 
double bond (the pi bond), one needs overlap of both the upper and 
lower lobes of the p orbitals. In benzene, though, there is only half 
an overlap, i.e., either top halves overlap or the bottom halves 
overlap, alternately, creating a bond and a half between the carbon 
atoms in the ring. Turns out that Kekule' was correct.  

Aromatic Hydrocarbons: Benzene-Based 

Compounds é óish 
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Substituted Benzene Compounds  
Å There are a number 

of substituted 
benzene compounds 
that are important to 
have in your handbag 
of chemical 
knowledge.  

Å The top figure  
illustrates a generic 
way of drawing a 
xylene if the actual 
name is not given. 
What, though, 
happens if one of the 
three xylenes is 
drawn as in the 
bottom of the figure? 
How is it named? 
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Å Before we answer that 
question, let's look at the 
anatomy of a mono-substituted 
benzene compound like 
toluene.  

Å We'll put the methyl group that 
substitutes for the hydrogen on 
the top of the graphic.  

Å There are three positions on 
the ring that are un-substituted 
relative to the methyl group: 2 
carbons next to the carbon with 
the substituting methyl group, 2 
carbons that are located 2 
carbons away from the carbon 
with the substituting methyl 
group and 1 carbon directly 
across the ring from the carbon 
with the substituting methyl 
group.  

Å In order, these other carbons in 
the benzene ring are called, 
ortho, meta and para -- "next 
to", "in between" and "across 
from".  
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Å When hydrogen atoms are 
substituted for on the ring by other 
groups, the substitutions occur 
following a very specific set of 
rules.  

Å These rules hinge on what 
substituting group makes it onto the 
benzene ring first.  

Å If groups like the -OH, -X add first, 
these will direct the next 
substituting groups into either the 
ortho OR the para positions. These 
groups are very small and take up a 
very small amount of space, i.e., 
have small steric hindrance.  

Å If groups like the nitro, carboxyl or 
trimethylammonium groups add 
first, these will direct the next 
substituting groups onto the meta 
position.  

Å The former group is called 
"ortho/para directors" and the latter 
group is called the "meta directors".  
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ÅSo, now let's go back to 
the xylenes -- the 
dimethyl-substituted 
benzene compounds. 
The names, now, are 
fairly simple: ortho-xylene 
(o-xylene), meta-xylene 
(m-xylene) and para-
xylene (p-xylene). Notice 
that the m-xylene doesn't 
make much sense as it's 
drawn. During the 
synthesis, though, it 
becomes easily seen how 
it's made -- that's for 
another course, though.  
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ÅLike wise, the phthalic (THAL ick) acids don't make 

sense as they are named, either, without knowing how 

they were synthesized (not discussed at this juncture). 

Note that phthalic, isophthalic and terephthalic acids are 

as drawn in this graphic.  
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Generic Benzene Derivatives  -- #1 

ÅBenzyl alcohol, benzaldehyde and benzoic acid, are 

shown below. Note that the C6H5CH2Å is the benzyl 

radical, NOT the C6H5Å radical, which is the phenyl 

radical. Benzaldehyde is artificial almond extract. 

Benzoic acid is used as a food preservative.  
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Generic Benzene Derivatives  -- #2 
Å Cinnamaldehyde, trans-cinnamic acid, aniline, styrene and benzoin 

are benzene derivatives.  

Å Cinnamaldehyde is oil of cinnamon.  

Å DDT, or dichloro-diphenyl-trichloro-ethane, is also illustrated below. 
Controversies still surround DDT to this day, e.g., did it really cause 
eagles' egg shells to get weak and decimate the eagle populations?, 
could it have been the co-dumped mercury instead?, does DDT 
cause cancer in locations where there are still high levels of DDT in 
the soil?, what role did politics play in taking DDT off the market for 
use only with a special permit, now?  
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Phenols  
ÅHydroxylated benzene compounds are based off of 

phenol (fuh NOLE), C6H5OH.  

ÅPhenol is a bit different than the aliphatic alcohols in that 

its proton DOES dissociate, effecting the pH of solutions 

unlike the proton on aliphatic alcohols.  
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ÅThere are a number of important hydroxylated 
benzene compounds. The first are the methyl-
substituted phenols, or cresols (o-, m- and p-
cresol). These are produced from the purification 
of coal tar.  
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ÅThe second group of important 
phenolic compounds is the 
catechols (KAY tuh koals). 
Catechol has the structure in 
the figure. Note that catechol is 
an ortho-substituted benzene 
"di-alcohol", or ortho-
hydroxyphenol.  
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ÅThe hormone epinephrine, neurotransmitter 
norepinephrine and the vasoactive dopamine 
are all biologically important catecholamines  
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ÅIsoproterenol is a synthetic catecholamine (drug) 

that mimics the effects of epinephrine.  
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Eugenol (oil of cloves) Isoeugenol (oil of nutmeg) 

Anethole (oil of aniseed) Vanillin (oil of vanilla bean) 

Thymol (oil of thyme and mint) Safrole (oil of sassafras) 

The third group of important phenolic compounds, or derivatives 

of phenol, are the essential oils  
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Aromatic Ketones  

ÅTwo aromatic ketones jump out: 
chloroacetophenone and acetophenone. The 
former is a lacrimator (what is that?) and the 
latter is a hypnotic -- simply by removing the 
chlorine atom from the lacrimator!  



172 

Antimetabolites  

Å For folic acid to be fully activated for use by bacteria for growth and 
reproduction, it requires PABA (para-aminobenzoic acid). Scientists 
figured out that if they modified a compound to LOOK like PABA, it 
might confuse the micro-organism and it would die. The 
parent/generic compound they came up with is sulfanilamide -- both 
shown below -- that came from sulfanilic acid.  
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Heterocyclic Compounds of 

Nitrogen  
Å Heterocyclic means that there is more than one kind of atom in the 

closed ring of an organic ringed compound. These compounds have 
been saved for this point of the lecture as many of them are 
aromatic, as well.  

Å  By definition, an aromatic compound (nowadays; in the "olden 
days" all a compound had to be was a derivative of benzene to be 
considered aromatic) is a compound that "contains cyclic clouds of 
delocalized p electrons above and below the plane of the molecule 
... furthermore, the p clouds must contain a total of (4n+2) p 
electrons" to be aromatic.  

Å This is the Hückel rule. This means that if n=1, there must be 6 p 
electrons for the compound to be aromatic; if n=2, there must be 10 
p electrons for the compound to be aromatic; if n=3, then there must 
be 14 p electrons for the compound to be aromatic, ad nauseum. 
The numbers 6, 10 and 14 are called Hückel numbers.  

Å Hence, benzene is aromatic as it has 6 p electrons, i.e., the Hückel 
hextet. 
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Å  Heterocyclic compounds also may follow the Hückel rule to be 
classified as aromatic.  

Å Pyrrole does not conform to Hückel's rule, but is, nevertheless, a 
cyclic compound that contains a nitrogen atom in the ring, below.  

Å It only has 4 p electrons, and does not conform to Hückel's rule for 
aromaticity.  

Å 4 pyrrole rings are found in each hemoglobin molecule in our red 
blood cells and 4 are also found in each chlorophyll molecule in 
plants.  

Å Hemoglobin binds iron(II) and chlorophyll binds magnesium through 
these pyrrole rings.  
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ÅThe next two heterocyclic compounds are purine 
and pyrimidine.  

ÅBoth are aromatic as each has 6 p electrons. 
Note the short hand notation in the graphic as to 
the drawn structures of each compound.  

ÅEach compound gives rise to special groups of 
heterocyclic nitrogenous compounds found in 
DNA and/or RNA, images follow.  

ÅG, C, A, and T are found in DNA; G, C, A, and U 
are found in RNA.  

ÅMore in the Biological Chemistry Lecture. 
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The last group of aromatic heterocyclic compounds is the nucleotides. These consist of 

three parts: a purine or pyrimidine, ribose and phosphate (a "P" with a circle around it is 

biochemist's short hand for phosphate). Three representative molecules are shown 

below. All three are involved in energy production in the body. 



Triazine Compounds 
Å Melamine is a small, 

nitrogen-containing molecule 

that has a number of 

industrial uses, including as 

a binding agent, flame 

retardant, and as part of a 

polymer in the manufacture 

of cooking utensils and 

plates, plastic resins, and 

components of paper, 

paperboard, and industrial 

coatings.  Melamine is not 

approved for direct addition 

to human or animal foods 

marketed in the United 

States.   

Å Melamine also has been 

used as a fertilizer in some 

parts of the world. It is not 

registered for use as a 

fertilizer in the United 

States.   
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ÅMelamine use as non-protein 

nitrogen (NPN) for cattle was 

described in a 1958 patent.  

ÅIn 1978, however, a study 

concluded that melamine "may not 

be an acceptable non-protein N 

source for ruminants" because its 

hydrolysis in cattle is slower and 

less complete than other nitrogen 

sources such as cottonseed meal 

and urea. 

ÅMelamine is sometimes illegally 

added to food products in order to 

increase the apparent protein 

content.  

ÅStandard tests such as the 

Kjeldahl and Dumas tests estimate 

protein levels by measuring the 

nitrogen content, so they can be 

misled by adding nitrogen-rich 

compounds such as melamine. 



Triazine Compounds 

Å Melamine is combined with formaldehyde to produce melamine resin, a very 

durable thermosetting plastic used in Formica, and melamine foam, a 

polymeric cleaning product. The end products include countertops, dry erase 

boards, fabrics, glues, housewares and flame retardants.  

Å Melamine is one of the major components in Pigment Yellow 150, a colorant 

in inks and plastics. 

Å The use of melamine as fertilizer for crops had been envisaged during the 

1950s and 1960s because of its high nitrogen content (2/3). However, the 

hydrolysis reactions of melamine leading to the nitrogen mineralization in 

soils are very slow, precluding a broad use of melamine as fertilizing agent. 
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Å Melamine-related compounds 

are in the same family of 

chemicals as melamine, and 

include cyanuric acid, 

ammeline, and ammelide.   

Å (Melamine-related compounds 

are also known as melamine 

analogues.)   

Å Melamine and its related 

compounds have no approved 

use as direct ingredients in 

human or animal food in the 

United States. 

Å The melamine-cyanuric acid 

complex is remarkably toxic. 
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Cyromazine 
Å Melamine is also a metabolite of cyromazine, a 

pesticide. 

Å Cyromazine is a triazine insect growth regulator 

used as an insecticide and an acaricide. It is a 

cyclopropyl derivative of melamine. Cyromazine 

works by affecting the nervous system of the 

immature larval stages of certa 

Å It is formed in the body of mammals who have 

ingested cyromazine. It has been reported that 

cyromazine can also be converted to melamine in 

plants and in insects. 
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ÅLetôs add a few more definitions to your 

vocabulary, then move on to specific 

synthetic reactions, e.g.,  

ïNeoprene,  

ïNatural Rubber,  

ïVulcanization,  

ïNylon 66,  

ïSBS Rubber and  

ïPolycarbonate.  

Polymerization Reactions. 
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ÅPolymers (many [poly]; units [mer]) consist of 

monomers (single; one [mono]) that bond together 

to form long chains.  

ÅWhile polymers are sometimes called 

macromolecules, the latter term is generally 

reserved for polymers of a biological nature, e.g., 

proteins, nucleic acids, complex carbohydrates. 

Å We've used polymers for millenia in various forms, 

Table, below: 

 

  

Table of Polymers 

  

Oils Tars Resins Teflon (TM) 

Cotton Wool Rubber Nylon 

Plastics Neoprene Gums   
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Å It is possible, today, to prepare on a bulk 

scale, polymeric compounds over a broad 

spectrum of heat resistance, strength, cost, 

density and brittleness.  

ÅLike micro-organisms, polymers are 

ubiquitous, Table, below: 
 Table of Polymers 

Product Polymer Product Polymer 

Diapers Polyethylene Elastic Natural rubber 

Diaper 

packing 

Polyacrylic acid Toothbrush 

bristles 

Nylon 

Shampoo 

thickener 

Hydroxyethylcellulose Conditioners Silicones 

Hair spray Polyvinylpyrrolidone Bedpan Polyethylene 

Insoles Polyurethane Elastic 

bandages 

Polyisoprene 

Animal "fur" Polyacrylonitrile   
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ÅFree radicals are molecules with an unpaired electron, 
e.g., benzoyl peroxide.  

ÅNote in the graphic that the free radical is located at the 
carboxyl end of the molecule.  

ÅBenzoyl peroxide makes a particularly useful initiator of 
polymerization reactions as it has two very 
electronegative atoms bonded to each other -- they don't 
"like" that, so they separate easily.  
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ÅStability is a measure of the reactivity of free 

radicals with other chemicals;  

ÅUnstable radicals are very reactive;  

ÅStable radicals are not very reactive. 

Å Active centers are where the reaction occurs; it 

is at the site of the unpaired electron; the active 

center moves progressively down the growing 

chain to perpetuate the polymerization reaction. 

Å Addition polymerization occurs when monomers 

are added one by one to the active center on the 

elongating chain. 
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ÅInitiation, propagation and termination 

reactions have been superficially covered 

in Elementary Reaction Rates.  
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Two types of termination reactions generally occur: 

combination and disproportionation.  

Å Combination Reactions 

Å occur when the 
propagation reaction 
ceases due to 2 chains 
combining to form one 
chain.  

Å Disproportionation Reactions 

Å stop propagation when a hydrogen 
atom is removed from one chain by 
the free radical of the other chain.  

Å Note the double bond formed as a 
reaction product in the graphic.  

Å Disproportionation reactions may also 
occur when impurities are present to 
react with the free radical.  

Å Polymerization reactions MUST be 
performed under clean conditions.  
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Combination ï Top 

Disproportionation -- Bottom 
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ÅLiving polymerization does not undergo termination.  

ÅThe reaction progresses until no more monomers are 

present.  

ÅThe reaction will continue if more monomers are added 

to the reaction vessel. 

ÅMer is the smallest repetitive unit in a polymer.  

 

 

Å Degree of polymerization (DP) is equal to the quotient 

between the molecular weight and the mer weight (DP 

values can be as high as 10,000.): 
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Å Copolymers are polymers that consist of more than one type of monomer in 
the chain.  

Å There are three kinds of copolymers: random, block, graft.  

Å Random copolymers contain a random organization of the monomers.  

Å Block copolymers contain specific areas in the chain with the same 
monomers.  

Å Graft copolymers have a main chain that consists of one type of monomer 
and has side chains of other monomers.  
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Å Cross-linking occurs when 
bonds form between polymer 
chains.  

Å A low enough degree of cross-
linking causes "memory" and 
allows the material to stretch, 
then return to its original 
shape, e.g., vulcanization.  

Å Vulcanization caused natural 
rubber to remain soft and 
pliable when cold and when 
warm, rather than hard/brittle 
and runny (sticky), 
respectively.  

Å Charles Goodyear did this in 
1839.  

Å [Sulfur] cross-links prevent the 
chains from sliding over each 
other when warm (melting) and 
aren't easily separated when 
cold (brittle).  
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ÅPolymers may be classified in two general classes: 
Elastomers and Plastics.  

ÅElastomers with low numbers of cross-links (about 1 per 
100 mers) have memory and bounce.  

ÅElastomers with high numbers of cross-links (about 1 per 
every 30 mers) are rigid and brittle polymers.  

ÅPlastics can be shaped or molded under the correct 
pressure and temperature conditions.  

ÅPlastics have great stiffness and once shaped, remain in 
that shape.  

ÅNOTE: all plastics are polymers; not all polymers are 
plastics.  
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The table, below,  

lists common applications of several polymers: 
 

Elastomers Plastics Fibers 

  Low Density 

Polyethylene 

High Density 

Polyethylene 

Natural Synthetic 

Rubber (isoprene 

monomer) 

Low density; lots 

of branching 

High density; little 

to no branching 

Cotton, wool, silk Polyester, rayon, 

acrylic, nylon 

SBR Rubber, aka 

Buna-S (butadiene 

and styrene 

copolymer) 

Soft, pliable Rigid   Nylon developed in 

1930's; used for 

parachutes in WW II 

Tires Plastic bags, 

containers, 

textiles, wire 

insulation 

Plastic tubing, 

bottles, bottle caps 

Clothing Nylon used for 

clothing, carpeting, 

builds up static 

charge, too 
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Nylon 66 Synthesis 
Å This copolymer gets its name from the 6 carbons in adipic acid and 

the 6 carbons in hexamethylene diamine.  

Å Without going into the complete mechanism (which gets very 
confusing very quickly -- you'll learn it in the year Organic Chemistry 
course, anyways), the synthesis may be explained as follows.  

Å A diamine is being reacted with a dicarboxylic acid.  

Å The final product of these compounds will be held together by amide 
bonds and each bond will be formed with the loss of water.  

Specific Polymerization Reactions  
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Natural Rubber Synthesis 
Å In brief, this reaction begins with isoprene and the addition of a free radical ("Rad·" in the graphic).  

Å In this reaction, the free electron in the radical attacks an end carbon.  

Å This causes the two electrons in the first double bond (closest to the methyl group in the chain) to un-
pair.  

Å One electron "flips" out to mate with the electron on the free radical, to form a single bond.  

Å The second "flips" between the next two carbon atoms.  

Å At the same time, the two electrons in the other double bond "flip": one to mate with the single 
electron in the middle of the center 2 carbon atoms and the other to the "tail" of the former isoprene 
monomer.  

Å The reaction continues with the addition of more isoprene monomers with the "flipping" of electrons 
until the completed polyisoprene polymer is completed.  

Å Natural rubber is in the all-cis configuration.  

Å Synthetic (artificial) "natural rubber" was a cis/trans mixture until 1955.  

Å New methods and catalysts were used, then, to prepare all-cis-polyisoprene.  
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SBS (Buna-S) Rubber Synthesis  

ÅSBS is a block copolymer.  

ÅIt was called Buna-S from Butadiene (Bu), sodium (Na) 
and Styrene (S) until after WW II when the rubber 
industry renamed it SBS for polyStyrene-polyButadiene-
polyStyrene.  

ÅSBS is rubbery without being cross-linked as natural 
rubber requires.  

ÅIt is synthesized via living polymerization.  

ÅThis specific kind of living polymerization is anionic, as 
carbanions are generated to perpetuate the reaction.  

ÅThis mechanism requires 4 steps.  
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Step 1 
Å Butyl lithium is used as the 

anionic initiator and reacts 
with styrene.  

Å In the course of the 
reaction, the lithium ion is 
removed, leaving behind 
an extra electron on a 
carbon atom (carbanion!).  

Å The carbanion attacks the 
carbon that does not have 
a substituted benzene on 
it, causing the two 
electrons in the second 
bond (remember a double 
bond has 2 double bonds) 
to "flip" out, making the 
carbon that has the 
substituting benzene 
another carbanion.  

Å This reacts with another 
styrene monomer, 
perpetuating the reaction, 
i.e., to form a chain of 
polystyrene.  
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Step 2 
Å To the polystyrene chain, 1,3-

butadiene is added.  

Å When the carbanion attacks the end 
carbon, the electrons all begin to 
play "dominoes", flipping in such a 
manner that the first double bond is 
"moved" from between the 1st and 
2d carbon atoms to the 2d and 3d 
carbon atoms.  

Å The electrons in the second double 
bond (between carbon atoms 3 and 
4) then "flip" out to make another 
carbanion.  

Å More 1,3-butadiene is added until a 
polystyrene-polybutadiene polymer is 
obtained. 

Å  There is now a problem: the 
butadiene adds easily to the 
polystyrene.  

Å The last polystyrene, though, won't 
add to the end of the polystyrene-
polybutadiene copolymer.  

Å How to get around it?  

Å Add a compound called 
dichlorodimethylsilane (DCDMS) to 
the end of the polystyrene-
polybutadiene copolymer. 
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Step 3 

ÅThe DCDMS (dichlorodimethylsilane) is added.  

ÅIn the course of the reaction, one chloride ion is 
lost as the carbanion attacks at the Si, forming 
the new intermediate.  

ÅThis polymer is now no longer "alive".  
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Step 4 
ÅTo finish the synthesis, polystyrene is added to the 

"dead" copolymer from the previous step.  

ÅIn this case, the carbanion on the end of the polystyrene 
chain attacks the Si, removing another chloride ion.  

ÅAt the end, SBS rubber is synthesized. 
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NeopreneÊ Synthesis 
Å The synthesis of Neoprene follows the synthesis of all-cis-

polyisoprene in terms of electron movement. As such, this 
mechanism is left to the student to walk through and observe the 
similarities between the two reactions. 

Å  While Neoprene isn't 100% as great as natural rubber in some of its 
properties, it IS superior in its resistance to oils, gas, greases and 
other organic solvents, making it excellent for use by mechanic-
types of occupations. 
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Polycarbonate 

ÅWe'll discuss the superficial synthesis of 

TWO kinds of polycarbonate -- each with 

its own title. Polycarbonate is a clear 

plastic. It is used to make shatterproof 

windows and lightweight glasses lenses.  
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Polycarbonate I Synthesis 
Å For the synthesis of the first type of polycarbonate, bisphenol A, NaOH and 

phosgene are required.  

Å In brief, the NaOH reacts with the bisphenol A, removing the two phenolic 
protons and replacing them with sodium ions.  

Å This sodium salt then reacts with phosgene  to form sodium chloride and 
the "carbonate" portion on the bisphenol A ion.  

Å This form of polycarbonate is great unless your vision is really terrible.  

Å Then, a different polycarbonate is required.  
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ASIDE:  Phosgene 

ÅI've seen reports of this used as a "nerve gas" in 
WW I online.  

ÅI'm concerned about this as I was taught that 
due to its reactivity with water, it was used in the 
trenches during WW I as an inhalant gas.  

ÅWhen it was inhaled, it reacted with the water in 
the soldiers' lungs to form HCl, which caused 
pulmonary edema.  

ÅIt was to the point that it, literally, caused the 
soldiers to drown. 
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Polycarbonate II Synthesis 

ÅThe different polycarbonate is based off of a compound 
that has an allyl group at each end of the monomer and 
is held together between the two "carbonates" by an 
ethyl group.  

ÅThe chains cross-link together tightly and densely.  

ÅThis causes the material to bend light more than glass.  

ÅThis kind of polycarbonate is used in ultra-lightweight 
lenses when glass lenses would be WAY too heavy for 
the wearer.  
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ÅAs many of you have already learned in 

A&P, structure begets function. This 

section of CHEM 220 applies these 

concepts to the chemical structure of a 

selected number of drugs to give you a bit 

of a taste, so to speak, of why it is that 

many medications "work" as they do.  

Structure/Function 

Relationships  
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Antihistamines 

ÅThe simplest group with which to start is the 
antihistamines. Remember that the amino acid 
histidine is the precursor molecule for histamine. 
Histamine initiates a cascade of events that 
culminates in allergic reactions.  
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Å Antihistamines provide 
antagonism against histamine 
because many of them "look" 
like histamine to the H 
receptors and inhibit the 
binding of histamine to them. 
Two examples are actifed and 
tavist. Both sort of look like 
histamine (see red circled area 
in graphic) to the receptor. Due 
to the high degree of steric 
hindrance they provide, the 
satisfactorily block histamine 
from binding to its receptor.  
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ÅSeldane, now, while an antihistamine has a 

different sort of structure. Its effects begin within 

one to two hours and is specifically H1 

antagonistic.  
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ÅThe last two 

antihistamines, 

chlorpheniramine 

maleate and 

brompheniramine 

maleate, have slightly 

different structures, 

as well, yet inhibit 

histamine binding.   
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Anti-cholinergics  

ÅThe next class of drugs 
are the anticholinergics.  

ÅThese drugs are 
designed to look like 
acetylcholine (Ach).  

ÅAch is a neurotransmitter 
that is used to "drive" an 
electrical signal through 
nerves for muscular 
activity.  

ÅAnticholinergics, at least 
for this course, inhibit 
acetylcholinesterase 
(AchE) activity.  
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ÅProstigmin (neostigmine 
bromide) is one example. 
This drug reverses the 
effects of some general 
anesthetics after surgery, 
e.g., curare-like drugs. It 
may induce pre-term 
labor near term following 
intravenous 
administration. Note the 
tertiary amine structure 
similarities between Ach 
and the anticholinergics.  
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ÅDramamine (dimenhydrinate) is used to prevent 
motion sickness. While its mechanism is 
unclear, it does appear that its actions may be 
exerted in both anticholinergic and antihistamine 
activitites.  
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ÅBenadryl 

(diphenhydramine) is 

an antihistamine that 

has the added benefit 

of being an almost 

innocuous medication 

that may be used to 

help some patients 

fall asleep.  
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ÅAnother anticholinergic, Procyclidine hydrochloride, is 

an anti-Parkinsonian medication.  
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Sympathomimetics  
Å This class of drugs mimics ("mimetic") sympathetic ("sympatho") 

catecholamines. Epinephrine elevates the blood pressure, constricts 
vessels, elevates the respiratory rate, causes bronchodilation and reduces 
the rate of digestion. Norepinephrine increases the efficiency of muscle 
contractions and is the neurotransmitter of rage.  
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Å5 sympathomimetics and their use follow.  

ÅNote the red-circled parts of their 

structures and how similar they are to 

either epinephrine or norepinephrine.  

ÅREMEMBER:  we donôt use ñadrenalinò or 

ñnoradrenalinò any more. 
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ÅAlbuterol:  prevention 
and relief of 
bronchospasm; may 
cause tachycardia. 

ÅDopamine 
hydrochloride:  used 
to treat mild shock 
(without major 
deterioration of 
kidneys and/or blood 
pressure). 

ÅIsoproterenol HCl:  
Aka Duo-Medihaler 
(Isuprel) -- treats 
bronchospasm after 
surgery; management 
of shock; cardiac 
arrest. 
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Å Phenylpropanolamine 
HCL:  PPA; Used to be 
the active ingredient in 
Dexatrim (an appetite 
suppressor), Naldecon (a 
nasal decongestant) and 
Dimetapp (decongestant/ 
antihistamine); was pulled 
ca 2000-2001 as it was 
causing serious 
cerebrovascular problems 
for part of the population. 

Å Pseudoephedrine HCl:  
PPA "replacement"; in 
Actifed, Sudafed, 
Phenergan-D; nasal 
decongestant (causes 
"dilated" vessels to 
"constrict"). 
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Local Anesthetics  

ÅAct in several ways.  

ÅThey act on ion 
channels that are 
integral with the cell 
membrane.  

ÅOne mechanism is 
that they "flow into" 
the membrane 
around the Ach 
receptor, swell and 
shut down the 
sodium ion channel.  
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ÅThe second 

mechanism is 

that it inhibits 

directly at the 

Ach receptor.  



223 

ÅLidocaine 
(Xylocaine) is not 
only a local 
anesthetic, it is also 
a "cardiac relaxer" 
and ion channel 
blocker.  

ÅIt is often used to 
treat premature 
ventricular 
contractions 
(PVC's) so that 
they won't shut the 
heart off.  



224 

ÅProcaine-HCl is 

commonly 

known as 

Novocaine.  

ÅThis is used in 

the dental field.  
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Å Cocaine is better known 
for its street effects.  

Å It is pyrogenic.  

Å The onset of cocaine 
fever is marked by a chill.  

Å It acts -- when inhaled -- 
above the brain stem to 
first reduce the heart rate 
and elevate the blood 
pressure, then elevate 
the heart rate and reduce 
the blood pressure, 
cardiovascularly.  

Å A 5-10% aqueous 
solution is commonly 
used to spritz the nasal 
membranes with when 
setting a broken nose.  
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ÅA note of caution: 

when any member 

of the "caine" family 

is used injudiciously, 

i.e., without the 

supervision of a 

qualified health care 

provider, they may 

become hyper-

allergenic.  

ÅBenzocaine preps 

are the worst 

offenders as it is 

present in topical, 

sprayed on, sunburn 

pain relievers.  
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Contraceptives  
Å Contraceptives are based off of the estrogens, E1 or E2, and progesterone.  

Å For the most part, they fool the body into thinking it's pregnant -- since no secondary 
oocyte is released, sexual activities do not culminate in an unwanted pregnancy, i.e., this 
inhibits ovulation and pregnancy.  

Å Nothing, remember, is 100% safe.  

Å There are a rare number of women who do become pregnant using oral contraceptives.  

Å There are more who become pregnant while taking oral contraceptives and some 
antibiotics, e.g.. penicillin, cephalosporins and tetracyclines, and anti-fungals, e.g., 
griseofulvin.  


