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. The reaction can be used to reduce the boil; )
e . e boilin 4
d"ﬂ:s exchanging 2 ltfng—chmn alcohol group with a sﬁolzlr;tn :I‘ es
W ool, in the analysis of fats, oils, and waxes. » €8

industrial example of acidolysis is the reaction of poly(vinyl

gtate) With butyric acid to form poly(vinyl butyrate). Often a butyric

;—d * pethanol mixture is used and methyl acetate is obtained as a
product
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{STERS, ORGANIC

gsters are compounds that, on hydrolysis, yield alcohols or phenols
and acids according to the equation: RA + H;0 = ROH + HA, where
Ris & hydrocarbon fragment and A is the anion portion of an organic

acid.

Nomenclature

The names of esters consist of two words that reflect their formation
from an alcohol and a carboxylic acid. According to the IUPAC rule,
the alkyl or aryl group of the alcohol is cited first followed by the
warboxylate group of the acid with the ending -ate replacing the -ic of
the acid. For example, CHy;CH;COOCHj, the methyl ester of propanoic
acid, is called methyl propanoate (or methyl propionate, if the trivial
name, propionic acid, is used for the carboxylic acid).

Physical Properties

The physical properties of organic esters vary according to the molec-
ular weight of each component. Lower molecular weight esters are col-
urless, mobile, and highly volatile liquids that usually have pleasant
odars. As the molecular weight increases, volatility decreases and the
consistency becomes waxy, then solid, and eventually even brittle, of-
ten with formation of lustrous crystals. The melting point of an es-
ter is generally lower than that of the corresponding carboxylic acid.
However, the boiling point depends on the chain length of the alcohol
component and eventually exceeds that of the acid. Lower molecular
weight esters are relatively stable when dry and can be distilled with-
out decomposition. Organic esters are generally insoluble in water, but
soluble in various organic liquids. Lower esters are themselves good
solvents for many organic compounds. The physical properties of com-
,i'f:;“le-ﬂluy important aliphatic and aromatic organic esters are listed in

Chemical Properties

The reactions of esters have been reviewed. Because of the large num-
ber of passible acid and aleohol moieties, the chemical properties of es-
mr’i may differ considerably. Only typical reactions applicable to the
Majority of esters are described in the following sections.

Hydrolysis. Esters are cleaved (hydrolyzed) into an acid and an
teohol through the action of water. This hydrolysis is catalyzed
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Table 1. Physical Properties of Some Common Esters
Mol Freezing
Ester wt  np Bp, °C* point, “C
methyl formate 60.05 1.344 32 -99.8
ethyl formate 7408 13598 543 ~B0
butyl formate 102.13 1.3889 106 -91.9
methyl acetate 74.08 1.3594 67 -98.1
ethyl acetate B8.1 1.3723 77.1 -B83.6
vinyl acetate 86.1 1.3959 722 -93.2
propyl acetate 102.13 13844 1016 -92.6
isopropyl acetate 102.13 13773 20 -73.4
butyl acetate 116.16  1.3951 126 -73.6
isobutyl acetate 116.16 13902 117.2 -98.6
sec-butyl acetate 116.16 1.3877 112
t-butyl acetate 116.16 1.3855 97
pentyl acetate 130.18 14023 1493 -T70.8
isoamyl acetate 130.18 1.4000 142 -78
sec-hexyl acetate 144.22 14014 157 0
2-ethylhexyl acetate 172.26 1.4204 199.3 -93
ethylene glycol diacetate 146.14 1415 191 -31
2-methoxyethyl acetate 11813 1.4019 145 ~65.1
2-ethoxyethyl acetate 132.16 14058  156.4 -61.7
2-butoxyethyl acetate 160.12  1.42 187.8 -32
2-(2-ethoxyethoxy)ethyl acetate 176.21 1.423 2174 -25
2-(2-butoxyethoxyJethyl acetate 20427 14265 247 -32.2
benzyl acetate 160,18 1.5232  215.5 -51.5
glyceryl triacetate 218,23 1.4296 258 ~78
ethyl 3-ethoxypropionate 146.19 165-172 =50
glyceryl tripropionate 260.3 1.4318 176 -58
methyl acrylate 86.09 14040 805 <-75
ethyl acrylate 100.11 1.4068 99.8 <-T2
butyl acrylate 128.17 1.4185 69 -64.6
2-ethylhexyl acrylate 184.28 130' -90
methyl methacrylate 100.12  1.4119 100 -48
methyl butyrate 10213 13878  102.3 -84.8
ethyl butyrate 116.16 1.4000 121.6 -100.8
butyl butyrate 144,22 14075 166.6 -91.5
methyl isobutyrate 102.13 1.3840 926 -84.7
ethyl isobutyrate 116.16 1.3870 110 -88
isobutyl isobutyrate 144.22 13999  148.7 -80.7
methyl stearate 298.5 1.457 215 40
ethyl stearate 31252 1429 213-215 33.7
butyl stearate 340.58 343 275
dodecyl stearate 4408  1.433 28
hexadecyl stearate 496.91 1.441 57
dimethyl maleate 144.13 1.4409 204
dimethyl oxalate 111.09 1.4096 185 —41
dimethyl adipate 174.2 1.4283 115 10.3
diethyl adipate 202.25 14372 245 -19.8
di(2-ethylhexyl) adipate 370.58 14472 214 60
methyl benzoate 136.16 1,517 199.5 -12.56
ethyl benzoate 150.18 1.505 2129 -34.2
methy! salicylate 152.15 1536 2233 -86
ethyl salicylate 166.18 1.522 231.5 1.3
dimethy] phthalate 194.19 1.515 282 -2
diethyl phthalate 22224 1499 295 -33
dibutyl phthalate 278.35 14911 340 -35
di(2-ethylhexyl) phthalate 390.56 1.486 231 -50
dimethyl isophthalate 194.19 1.5168 124 67
dimethyl terephthalate 194.19 288 140
methyl anthranilate 151.17 1.584 132 24
benzyl cinnamate 238.29 244 39
dimethyl carbonate 90.08 1.3682 90 3
diethyl carbonate 11813 13854 127 -43

= At 101.3 kPa = 760 mm Hg unless otherwise stated.
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Enzymatic Hydrol r;s e;“ﬂn anFi S beep r‘evinwed..

HiduE attention Theys - Bnzymatic hydrolysis has recf-lved enor-
micr‘oorganiamg- ) l'-’_"zyme-“ g\?ner‘a]ly‘ employed are lipases from
This sittperatis ;'(:)cc?:: 5, C_lr-?'ammaimn liver. The great advantage of

Transesten'ﬁ?:aﬁa;lr‘ l“sv_}l:é: lgjh chemo- and ster_onselechvlty. .
g ol - en esters are heated with a]cnhols: acids, or
are exc.h'an;ged The‘ vy 'Or Fiouiaiok the a.k.'"h().l oF ack d groupe
sitaid by Ehe r;?'-: 18 P!';?CES_S is called trnnsest_er:flcatmn. It is acceler-
Oftransestcgf'é:?ce ﬂ a small amount of acid or alkali. Three types
e ication are kr}own: (1 oxchange of alcohol groups (alco-
holysis), (2) exchange of acid groups (acidolysis), and (3) ester—ester
interchange (see ESTERIFICATION).

.Amm“"‘“’}’ﬁs and Aminolysis. Esters and ammonia react to form
amides and alcohols.

If primary or secondary amines are used, N-substituted amides are
formed. This reaction is called aminolysis.

Reduction. Esters can be reduced to alcohols by catalytic hydro-
genation using molecular hydrogen or by chemical reduction.

fieadian of Enolate Anions. In the presence of certain bases, eg,
sodium alkoxide, an ester having a hydrogen on the a-carbon atom un-
dergoes a wide variety of characteristic enolate reactions. Mechanisti-
cally, the base removes a proton from the a-carbon, giving an enolate
that then can react with an electrophile.

Grignard and Related Reactions. Esters react with alkyl magnesium
halides in a two-stage process to give alcohols. The reaction involves
nucleophilic substitution of R® or OR” and addition of R'"MgX to the car-
bonyl group. With 1,4-dimagnesium compounds, esters are converted
to cyclopentanols, Lactones react with Grignard reagents and give di-
ols as products. Many other organometallic compounds also react with
carbonyl.

-Halo esters react with aldehydes or ketones in the presence of
zine to form B-hydroxy esters. This is known as the Reformatsky
reaction.

Preparation of Acyloins. When aliphatic esters are allowed to react
with metallic sodium, potassium, or sodium—potassium alloy in inert
solvents, acyloins (a-hydroxyketones) are formed.

Pyrolysis. The pyrolysis of simple esters of the formula
RCOOCR'R:CHR’, to form the free acid and an alkene is a gen-
eral reaction that is used for producing olefins.

Carbonylation Reaction. The carbonylation of methyl acetate is an
important industrial reaction for producing acetic anhydride.

Substitution, Alkylation, and Rearrangement. The reaction of alka-
line phenoxides with alkyl S§-2-(chloro)- or S-2- (mesyloxy)propionate
gives optically active R-2-aryloxyalkanoic acid esters in good chemical
and optical yields (>97%ee). The reaction is utilized in the synthesis
of several phenoxy herbicides.

Optically active 2-arylalkanoic acid esters have been prepared by
Friedel-Crafts alkylation of arenes with optically active esters, such
as methyl S-2-(chlorosulfonoxy)- or S-2-(mesloxy)propionate, in the

presence of aluminum chloride.

The Fries rearrangement of phenol esters gives a mixture of 2- and
4-acylphenols. Similarly, enol esters undergo rearrangement to give

the corresponding 1,3-diketones.

Occurrence and Preparation

of the simple esters used commercially are Pf synthe.ﬁc
origin, although esters occur naturally in large quantities in fats, oils,
and waxes. Microorganisms produce a con_lplex array of compounqs
containing the ester linkage, ranging from s_lmple esters to macmcyclfc
lactones, such as erythromycin, which are important because of their

antibacterial properties.
Recovery of naturally occurt
distillation, extraction, pressing,
cesses. Synthetic esters are generally pre
hol with an organic acid in the presence ofa catal.yst. suc
acid, p-toluenesulfonic acid, or methanesulfonic acid.

Currently, most

ing esters is accomplished by steam
or by a combination of these pro-

pared by reaction of an alco-
h as sulfuric

Stability and Storage

All organic esters are unstable in the presence 7
nucleophiles such as water or alcohols. However, jf
they are stahle.‘Slnrago 'vessels can be constructegd of st Uy
or other metallie materials, but plastic storage tank eel, g),, U
because the highly lipophilic esters can sometimes S are
container boundary and soften or even dissolye it pe
The properties of flash point, autoignition
flammable limit should be considered when an st
in any fashion.

acid g,
St{}p,_ g i

l'l!ulh,‘
Ieate oy
£l

u"?nm"'m‘li'e X
€T 18 {g b"h "y

ANl
Health and Safety Factors

Toxicity. The degree of toxicity of organic esters
range. These toxicities are usually described in terms of
iting values (TLV), or permissible exposure limits (PEL,
and the TLV describe the average concentration over a|.1
which a worker may be exposed without adverse effects Th
dosages for 50% of the exposed animals, LDys, are aim'm: ety
indicator of the relative toxicity. The LDss of organic o ters gy
mammals range between 0.4 and 16 g/kg. The TLVs of “Tgan;cr my
range between 5 and 400 ppm. Eslen

When ingested or absorbed, organic esters are likely tg g
drolyzed to the corresponding alcohols and carboxylic aci ds mm
fore the toxicities of the hydrolysis products should alsg be mnsidg,:;
Some organic esters are highly volatile and can act as asphixizy,
narcotic. Also, skin absorption and inhalation are among lhEhaza.r;
associated with esters that are volatile or have good solvent actioy Be
cause of the high solubility of fats and oils in organic esters, prokongs
or repeated exposure to skin can cause drying and irritation,

Acetates generally do not cause any physiological effects ynje
high exposure occurs since they are usually converted into or sy
naturally as metabolites. However, large enough exposure to aceta:
esters can cause narcotic effects. |

Propionates and higher aliphatic esters generally become less taxx
as the size of the alkyl carboxylate increases. |

The acrylate esters are more physiologically hazardous than ther
saturated homologues. They are usually lachrymators and irritar.
and their toxicities decrease with increasing molecular weight.

Among adipates, oxalates, malonates, and succinates, the adipaz
are the least toxic.

Benzoate esters, like most organic esters, are not very toxc They
are not absorbed through the skin as rapidly as alkyl esters but a7
more potent physiologically. They are also moderate skin irritants.

The phthalate esters are one of the most widely used classes
arganic esters, and fortunately they exhibit low toxicity.

More information on the toxicities of a range of organic estert
available in the literature.

Exposure Limits. The Occupational Safety and Health At (0SBA
of 1990 lists a multitude of acetates, phthalates, formates. ”nd .
lates along with the corresponding permissible exposure limite
threshold limit values. If there is potential for exposure toan i
ester for which PEL or TLV data has been identified, then an €xp™
limit lower than that listed

Coverg a

¥y
thresh) ™
Buth thepp
8h Pering

Regulation and Waste

! lem 5%
Waste from production of organic esters 1s usually not p;ub o

the method of synthesis often involves a carboxylic & <
tion with an alcohol and the only by-product is water. ;u ;
remnants lost to the process water can usually be bio oimgnﬁ?
graded. The biochemical oxygen demand (BOD) or chemit® g
mand (COD) should be measured if biological treatment 7 emitteé®
process waste from ester production. Organic € e
processing usually can be burned. ) ot that g

Extensive federal environmental regulations exis o
organic esters as well as many other substances- fore gsing ¥
must always be consulted for complete information be
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ants of organic esters. State and local regulations must also be

amo A i
¢ which in some cases are more stringent than foderal reg

pet, W ulations.
Lses

rsﬂﬂic esters are uscFl as solvents, plasticizers, in resins, plastics
and coatings, as lubricants, in perfumes, flavors, cosmetics, and
s0ap, 33 surface-active agents, as medicinals, and as herbicides and

pesticides
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R W. Johnson and E. Fritz eds., Fatty Acids in Industry, Marcel Dekker, Inc.,
New York, 1989,

B. M. Trost and 1. Fleming, eds., Comprehensive Organic Synthesis: Selectivity,
Strategy and Efficiency in Modern Organic Chemistry, Vol. 1-9, Pergamon
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J. March, Advanced Organic Cherustry, 4th ed., John Wiley & Sons, Inc.,
New York, 1992

ESTROGENS. See HORMONES,
ETHANOIC ACID. See ACETIC ACID AND DERIVATIVES, ACETIC ACID.

ETHANOL

Ethanol or ethyl alcohol, CH,CH,0OH, is one of the most versatile
oxygen-containing organic chemicals because of its unique combina-
tion of properties as a solvent, a germicide, a beverage, an antifreeze,
a fuel, a depressant, and especially as a chemical intermediate for
other organic chemicals. The use of fermentation-derived ethanol as
an automotive fuel additive to enhance octane and reduce emissions
has seen explosive growth since about 1980 so that it now accounts
for over 80% of the 6.0 % 10° L ethanol market in the United States.

Physical Properties

A summary of physical properties of ethyl alcohol is presented in
Table 1. Detailed information on the vapor pressure, density, and
viscosity of ethanol can be obtained from many references. Ethanol
forms binary and ternary azeotropes with a wide variety of other
organic chemicals.

Chemical Properties

The chemistry of ethyl alcohol is largely that of the hydmxgl group,
namely, reactions of dehydration, dehydrogenation, oxidation, and
esterification.

Manufacture

Industrial ethyl aleohol can be produced synthetically from ethylene,
asaby-product of certain industrial operations, or by the fermentation
‘_’fs‘lgar. starch, or cellulose. The synthetic route supplies most of the
Industrial market in the United States.

The synthetic process employing direct hydration has since the
early 1970s completely supplanted the old sulfuric acid process in the
United States. This process, the catalytic vapor-phase hydration of
ethylene, is now practiced by only three U.S. companies: Union Car-
bide Corporation (UCC), Quantum Chemical Corporation, and East-
man Chemical Company UCC imports crude industrial ethanol, CIE,

ETHANOL 765
Table 1. Physical Properties of Ethanol
Property Value
freezing point, *C -114.1
normal boiling point, *C 78.32
density, di", g/mL 0.7893
refractive index. " 1.36143
Anp/At, 20-30°C, per °C 0.000404
surface tension, at 25°C, mN/m (= dyn/em) 23.1
viscosity, at 20°C, mPa-s(= cP) 1.17
solubility in water, at 20°C miscible
heaut of combustion, at 26°C, J/g” 29676.69
flammable Limits in air, vol %
lower 4.3
upper 19.0
autoignition temperature, °C 423.0
specific heat, at 20°C, J/(g-°C) 242
0.170

thermal conductivity, at 20°C, W/(m-K)

=To convert J to cal, divide by 4.184

from SADAF (the joint venture of SABIC and Pecten [Shell]} in Saudi
Arabia, and refines it to industrial grade.

Other Methods of Preparation. In addition to the direct hydration
process, the sulfuric acid process, and fermentation routes to manufac-
ture ethanol, several other processes have been suggested. These in-
clude the hydration of ethylene by dilute acids, the hydrolysis of ethyl
esters other than sulfates, the hydrogenation of acetaldehyde, and the
use of synthesis gas. None of these methods has been successfully im-
plemented on a commercial scale, but the route from synthesis gas has
received a great deal of attention since the 1974 oil embargo.

Recovery and Purification

Various distillation and equipment modifications are used to ensure a
pure water azeotrope of ethanol (35% by velume ethanol).

Purification schemes have generally emphasized the following
techniques: (1) extractive distillation using water reflux to distill a
large share of the impurities and concentrate the crude aleohol-water
mixture; (2) efficient fractionation to produce approximately 190 proof
alcohol; (3) hydrogenation to convert aldehyde impurities to aleohols,
together with the use of chemicals such as inorganic bases and
sodium sulfite; and (4) ion-exchange resins or azeotropic distillation
to dehydrate 190-proof to 200-proof or absolute alcohol.

Manufacturing Costs

The cost of producing industrial ethanol depends on the location of the
manufacturing plant; the design, type, and degree of modernization of
equipment; the kind of raw material used; the price paid for the raw
material; the relative labor costs represented; the scale of production;
and the total investment. On a raw material basis, each kilogram of
ethanol requires 0.6 kg ethylene, 2 kg sugar, 3.3 kg corn, or 4 kg mo-
lasses. If all other cost factors were equivalent, the economics of fer-
mentation ethanol derived from corn would compare favorably with
synthetic ethanol if corn prices were 5.5 times less than ethylene on a
weight basis. With ethylene at $0.44/kg, as it was in 1991, corn would
have to be about $0.08/kg (about $2/bushel). Corn by-products that are
produced by some fermentation plants offset the price of corn to a vary-
ing degree depending on their market value. It is expected that ethylene
will continue to be the primary raw material for industrial ethanol, be-
cause during the early to mid-1990s most of the fermentation ethanol
will go to fuel due to the impact of the Clean Air Act, and ethylene prices
are not expected to significantly increase because of additional ethylene
capacity coming onstream (see ETHYLENE).

Shipment 1

Commercial ethyl alcohol is shipped in railroad tank cars, tank trucks,
208-L (55-gal) and 19-L (5-gal) drums, and in smaller glass or metal

| T
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Economic evaluation, 673
Eggs, 674
Elastomer fillers, 844
Elastomeric fibers, 834
Elastomers, 18, 693
synthetic, 677
Electrical connectors, 698
Electrically conductive polymers, 700
Electroanalytical techniques, 702
Electroceramic processing, 33
Electrochemical cells, 702
Electrochemical machining, 1223
Electrochemical processing, 703
Electrochemical waste treatment, 706
Electrodecantation, 707
Electrodeionization, 726
Electrodeposition, 718, 1873
Electrodes, 322
Electrodialysis, 707, 726
Electroencephalogram, 123
Electroflotation, 707
Electroforming, 725
Electrohydrodimerization, 709
Electroless copper, 712
Electroless films, 711
Electroless plating, 710
Electrolytic cells, 704
Electrolytic pickling, 722
Electrolytic plating, 710
Electromagnetic energy, 1307
Electronic ceramics, 33
Electronic materials, 712
packaging, 1440
Electronics, coatings, 714
Electronic technology, 730
Electroorganic syntheses, 707
Electrophoresis, 728
Electrophotography, 715
Electroplaters, 722
Electroplating, 718
Electroseparations, 726
Electrowinning, 706
Elemental boron, 272
Elemental carbon, 319
Elfamycins, 139
Embedding, 730
Emission control system, 777
Emulsions, 647, 731
Enamel coatings, 734
Enamels, porcelain or vitreous, 732
Energy conservation, 734
Energy management, 734
Engineering, chemical data correlation, 737
Engineering plastics, 743
Enoxacin, 130
Environmental impact, 748
Enzyme amplification, 255
Enzyme assay, 749
Enzyme inhibitors, 753
Enzymes, 751, 1261
applications, 748
in organic synthesis, 754
Enzymology, 748
Epichlorohydrin elastomers, 693
Epinephrine, 756, 1902
Epoxies, 715, 730
Epoxy resins, 758, 1071, 1856

Epsom salts, 822
Esterification, 117, 760
Ester interchange, 762
Esters, organic, 763
Estradiol, 1070
Estrogens, 1068, 1070, 1896
Ethane, 1084
Ethanol, 626, 765
Etherification, 117
Ethers, 767
Ethyl acetate, b
Ethyl alcohol, 5, 765
Ethylbenzene, 1904, 2173
Ethyl bromide, 291
Ethyl chloride, 424
Ethylene, 768
Ethylene—acrylic elastomers, 683
Ethyleneamines, 614
Ethylene dibromide, 291
Ethylene glycol, 162
Ethyleneimine, 1105
Ethylene oxide, 770
Ethylene—propylene—diene rubber, 684
Ethyl ether, 768
Ethyl formate, 763
Eulerian coordinate system, 195
Evaporation, 773
Exhaust control:

automotive, 776

industrial, 779
Expectorants, 782
Experimental design, 604
Expert systems, 784
Explosives, 787
Explosive substances, 788
Extractive distillation, 635
Extractive metallurgy, 1279
Extraterrestrial materials, 799

Fans and blowers, 801
Fat replacers, 803
Fats and fatty oils, 804
Fat-sparing agents, 804
Fatty acids, 805
from tall oil, 346
Fatty amines, 97
Feather meal, 808
Feeds and feed additives, 806
Feedstocks, 810
Fermentation, 232, 813
Ferrites, 814
Ferroboron, 274
Ferroelectrics, 816
Ferrosilicon, 1810
Ferrovanadium, 2066
Fertilizers, 818
Fiber optic cables, 1148
Fiber optics, 824
Fibers, 827
Fibrin, 270
Fibrinolysis, 270
Fibrous glass, 295
Fillers, 844
Film and sheeting materials, 845
Filtration, 847
Fine art examination i
Fine chemicals, 855 Sl tmbiivesaio

Fine chemicals standards, 857
Finish removers, 1444
Fixatives, 1017
Flame agents, 389
Flame resistance, 862
Flame retardancy, 858
Flame retardants, 858, 860

for textiles, 862
Flares, 788
Flat glass, 295
Flavorants, 863
Flavor characterization, 863
Flexible foam, 2058
Flocculating agents, 869
Flotation, 871
Flow measurement, 872
Fluid catalytic cracking units, 361
Fluidization, 873
Fluid mechanics, 876
Fluorescent pigments (daylight), 1219
Fluorescent whitening agents, 881
Fluorides, 600
Fluorine, 706, 881, 884, 892
Fluorine cells, 706
Fluorine compounds, inorganic, 884
Fluorite, 881
Fluoroaluminates, 885
Fluoroanalogues, 138
Fluoroborates, 888
Fluoroboric acid, 888
Fluorocarbon elastomers, 685
Fluorocarbons, 715
Fluorogermanates, 891
Foam, 592
Folic acid, 2098
Food Labeling and Education Act, 803
Food starches, 318
Forages, 809
Fossil fuels, 1092
Free-flow electrophoresis, 730
Free-radical initiators, 1131
Freundlich isotherm, 27
Friction materials, 286
Fumaric acid, 1242

a-Galactosidase, 752
B-Galactosidase, 752

Galena, 1186

Gallium and gallium compounds, 977
Gas, natural, 978

Gaseous emissions, 47

Gases, 1032

Gasoline, 5, 2026

Gasoline and other motor fuels, 980
Gas separation adsorption, 30
Gastrointestinal agents, 985
Gaussian plume model, 195
Gelatin, 986

Gelatinization, 246
Geldanamycin, 136

Gellan, 1297

Gemstone materials, 986
Gemstones, 986

Gemstone treatment, 987
Gene alteration, 992

Gene encoding, 748
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