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33 "ALKAMULS" 
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Grade: Technical. 
Use: Manufacture of dyes, production of lakes, in-
dicators, biological stain. 

alizarin blue. (CI 67410). C,7119NO4. 
Properties: Violet crystals. Mp 268C. Insoluble in 
water, soluble in glacial acetic acid and hot ben-
zene. 

Use: Indicator. 

alizarin yellow R. (p-nitrophenylazosalicylate 
sodium; C.I. 14030). 
O,1s1C,H,NNC6H2OHCOONa. 

Properties: Yellow-brown powder. Soluble in water. 
Use: Acid-base indicator, biological stain. 

alkadiene. See diolefin. 

alkali. Any substance that in water solution is bit-
ter and is irritating or caustic to the skin and mucous 
membranes, turns litmus blue, and has a pH value 
greater than 7.0. 

The alkali industry produces sodium hydroxide, so-
dium carbonate (soda ash), sodium chloride, salt 
cake, sodium bicarbonate, and corresponding po-
tassium compounds. 

See base; pH; alkali metal. 

alkali blue. Class name for a group of pigment 
dry powders prepared by the phenylation of p-ros-
aniline or fuchsine, followed by drowning in hy-
drochloride acid, washing, and sulfonating. Alkali 
blue on a weight basis has the highest tinting 
strength of all blue pigments. The presscake may 
be "flushed" with vehicle to replace the water in 
the pulp. 

Use: Printing inks, interior paints. 

alkali cellulose. The product formed by steeping 
wood pulp with sodium hydroxide, the first step in 
the manufacture of viscose rayon and other cellu-
lose derivatives. 

See carboxymethylcellulose. 

alkali metal. A metal in group IA of the periodic 
table, i.e., lithium, sodium, potassium, rubidium, 
cesium, and francium. Except for francium, the al-
kali metals are all soft, silvery metals, which may 
be readily fused and volatilized; the melting and 
boiling points becoming lower with increasing 
atomic weight. The density increases with (but less 
rapidly than) the atomic weight, the atomic volume 
therefore becoming greater as the series is as-
cended. The alkali metals are the most strongly 
electropositive of the metals. They react vigorously, 
at times violently, with water; within the group it-
self, the basicity increases with atomic weight, that 
of cesium being the greatest. 

alkalimetry. The measurement of the concentra-
tion of bases or of the amount of free base present 

in a solution by titration or some other means of 
analysis. 

alkaline earth. An oxide of an alkaline earth 
metal (lime). 

alkaline-earth metals. Calcium, barium, stron-
tium, and radium (group IIA of the periodic table). 
In general they are white and differ by shades of 
color or casts; are malleable, extrudable, and ma-
chinable; may be made into rods, wire, or plate; are 
less reactive than sodium and potassium and have 
higher melting and boiling points. 

alkaloid. A basic nitrogenous organic compound 
of vegetable origin. Usually derived from the nitro-
gen ring compounds pyridine, quinoline, isoqui-
noline, and pyrrole, designated by the ending -ine. 
Though some are liquids, they are usually colorless, 
crystalline solids, having a bitter taste, and combine 
with acids without elimination of water. They are 
soluble in alcohol, insoluble or sparingly soluble in 
water. Examples are atropine, morphine, nicotine, 
quinine, codeine, caffeine, cocaine, and strychnine. 

alkane. See paraffin (1). 

alkanesulfonic acid, mixed. RSO,H (R is 
methyl, ethyl, propyl, mixed). Trade designation for 
a mixture of methane-, ethane-, and propane sul-
fonic acids. A strong nonoxidizing, nonsulfonating 
liquid acid which is thermally stable at moderately 
high temperatures. 

Properties: Light amber liquid; sour odor. Mp be-
low —40C, bp 120-140C (1 mm), d 1.38 (20C), pH 
(1% solution) 1.15. Very corrosive. Miscible with 
water and saturated fatty acids. 

Use: Catalyst; intermediate, reaction medium. 

"Alkanol" [Du Pont]. TM for a series of fatty 
alcohol—ethylene oxide condensation products used 
as nonionic surface-active agents in detergents and 
dispersing and emulsifying agents in paper, leather, 
and textiles. These include grades OA, OE, OJ, OP, 
and HC. 189-S is a saturated hydrocarbon sodium 
sulfonate. B and BG are sodium alkylnaphthalene 
sulfonates. Sulfur is tetrahydronaphthalene sodium 
sulfonate. 

alkanolamine. (alkylolamine). 
A compound such as ethanolamine, HOCH,CH,INTH,, 
or triethanolamine, (HOCH,CH2)3N, in which ni-
trogen is attached directly to the carbon of an alkyl 
alcohol. See specific compound. 

"Alkamuls"[Rhone-Poulenec]. TM for nonyl, 
octyl, dodecyl, dinonyl, and dianyl phenol ethoxy-
lates. 

Use: As primary detergents, emulsifiers, wetting 
agent, suspending agents, and dispersants in nearly 
every conceivable application. 
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ALKENE 34 

alkene. See olefin. 

"Alkor" [Atlas] . TM for a synthetic, furan-type 
resin cement which is acid- and alkali-proof and 
used as a mortar cement where temperatures do not 
exceed 380F. 

alkoxyaluminum hydrides. (H„AlORO. 
A group of reducing agents especially useful in con-
verting epoxides to alcohols. Derived by reaction 
of aluminum hydride with the corresponding alco-
hol in tetrahydrofuran. 

alkyd resin. A thermosetting coating polymer, 
chemically similar to polyester resins, convention-
ally made by condensation and polymerization of a 
dihydric or polyhydric alcohol (ethylene glycol or 
glycerol) and a polybasic acid (phthalic anhydride), 
usually with a drying oil modifier. The process re-
quires heating at 230-250C for up to 12 hours. A 
new and quite different method utilizes epoxy ad-
dition polymerization, in which a mixture of gly-
cidyl esters and organic acid anhydrides is heated 
with a metallic catalyst at 100C or less for only two 
to four hours. Cost and energy savings and im-
proved application performance are realized by this 
process. 

Use: Alkyd resins are used as vehicles in exterior 
house paints, marine paints, and baking enamels. 
Molded alkyd resins are used for electrical com-
ponents, distributor caps, encapsulation, and a va-
riety of similar applications. 

alkyl. A paraffinic hydrocarbon group which may 
be derived from an alkane by dropping one hydro-
gen from the formula. Examples are methyl 
ethyl propyl CH,CI-I,CH2- , isopropyl 
(C1-13),C1-1,-  . Such groups are often represented in 
formulas by the letter R and have the generic for-
mula C„112.+1-

See aryl. 

alkylaryl polyethyleneglycol ether. 
Use: In surface-active agents. 
See isooctylphenoxypolyoxyethylene ethanol for a 
typical example of this class of compound. 

alkylaryl sulfonate. An organic sulfonate of 
combined aliphatic and aromatic structure, e.g., al-
kylbenzene sulfonate. 

alkylate. (1) A product of alkylation. (2) A term 
used in the petroleum industry to designate a 
branched-chain paraffin derived from an isoparaffin 
and an olefin, e.g., isobutane reacts with ethylene 
(with catalyst) to form 2,2-dimethylbutane (neo-
hexane). The product is used as a high-octane 
blending component of aviation and civilian gaso-
lines. (3) In the detergent industry, the term is ap-
plied to the reaction product of benzene or its horn-
ologs with a long-chain olefin to form an 

intermediate, e.g., dodecylbenzene, used in the 
manufacture of detergents. It also designates a 
product made from a long-chain normal paraffin 
that is chlorinated to permit combination with ben-
zene to yield a biodegradable alkylate. The adjec-
tives hard and soft applied to detergents refer to 
their ease of decomposition by microorganisms. 

See biodegradability; detergent. 

alkylation. (1) The introduction of an alkyl radical 
into an organic molecule. This was one of the early 
chemical processes used in Germany to furnish in-
termediates for improved dyes, e.g., dimethylani-
line. Other alkylation products are cumene, do-
decylbenzene, ethylbenzene, and nonylphenol. (2) 
A process whereby a high-octane blending com-
ponent for gasolines is derived from catalytic com-
bination of an isoparaffin and an olefin. 

See alkylate (2); neohexane. 

alkylbenzene sulfonate. (ABS). 
A branched-chain sulfonate type of synthetic deter-
gent, usually a dodecylbenzene or tridecylbenzene 
sulfonate. Such compounds are known as "hard" 
detergents because of their resistance to breakdown 
by microorganisms. They are being replaced by lin-
ear sulfonates. 

See alkyl sulfonate; linear molecule; detergent; so-
dium dodecylbenzene sulfonate. 

alkyl diaryl phosphate ester. See "Santicizer 
141" [Monsanto]. 

alkyldimethylbenzylammonium chloride. 
General name for a quaternary detergent. 

See benzalkonium chloride. 

alkylene. A phosphated long-chain alcohol. 

alkyl fluorophosphate. See diisopropyl fluoro-
phosphate. 

alkylolamine. See alkanolamine. 

alkyl sulfonate. (linear alkylate sulfonate; LAS). 
A straight-chain alkylbenzene sulfonate, a detergent 
specially tailored for biodegradability. The linear 
alkylates may be normal or iso (branched at the end 
only), but are C,o or longer. 

See sodium dodecylbenzene sulfonate. 

alkyne. See acetylene hydrocarbon. 

Allan-Robinson reaction. Preparation of fla-
vones or isoflavones by condensing o-hydroxyaryl 
ketones with anhydrides of aromatic acids and their 
sodium salts. 

allantoin. (glyoxyldiureide; 5-ureidohydantoin). 
C4H6N4O3. 
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hexachlorocyclopentadiene. 
(perchlorocyclopentadiene). 
CAS: 77-47-4. C,C16. 

Properties: Pale-yellow liquid; pungent odor. Bp 
239C, fp 9.6C, d 1.717 (15/15C), bulk d 14.30 lb/ 
gal (15.5C), refr index 1.563 (25C), flash p none. 
Nonflammable. 

Grade: Technical. 
Hazard: Toxic by ingestion, inhalation, and skin ab-
sorption. TLV: 0.01 ppm in air. 

Use: Intermediate for resins, dyes, pesticides, fun-
gicides, pharmaceuticals. 

hexachlorodiphenyl oxide. (chlorinated di-
phenyl oxide). 
CAS: 31242-93-0. C,,H,C16O. 

Properties: Light-yellow, very viscous liquid. Bp 
230-260C (8 nun Hg), d 1.60 (20/20C), bulk d 
13.12 lb/gal (25C), refr index 1.621 (25C), flash p 
none. Soluble in methanol, ether; very slightly sol-
uble in water. Nonflammable. 

Hazard: Toxic by ingestion. TLV: 0.5 mg/m3. 
Use: Solvent, intermediate. 

1,1,1,4,4,4-hexachloro-1,4-disilabutane. See 
bis(trichlorosilyl)ethane. 

hexachioroendomethylene tetrahydro-
phthalic acid. See chiorendic acid. 

hexachloroendomethylene tetrahydro-
phthalic anhydride. See chlorendic anhy-
dride. 

hexachloroethane. (perchloroethane; carbon tri-
chloride; carbon hexachloride). 
CAS: 67-72-1. Cl,CCC13. 

Properties: Colorless crystals: camphorlike odor. D 
2.091, mp 185C, bp sublimes at 185C. Soluble in 
alcohol and ether; insoluble in water. 

Hazard: Toxic by ingestion and inhalation, strong 
irritant, absorbed by skin. TLV: 1 ppm in air; sus-
pected human carcinogen. 

Use: Organic synthesis, retarding agent in fermen-
tation, camphor substitute in nitrocellulose, pyro-
technics and smoke devices, solvent, explosives. 

hexachloromethylcarbonate. (triphosgene). 
(OCCI,),CO. 

Properties: White crystals; odor similar to that of 
phosgene. D approximately 2, bp 205-206C (par-
tial decomposition), mp 78-79C. Decomposed by 
hot water and alkali hydroxides. Only slowly aceted 
upon by cold water. Soluble in alcohol, benzene, 
ether. 

Derivation: Chlorination of dimethyl carbonate ex-
posed to direct sunlight. 

Hazard: Strong irritant to eyes and skin. 
Use: Lachrymator. 

hexachloromethyl ether. O(CC13)2. 

Properties: Liquid; phosgenelike odor. D 1.538 
(18C), bp 98C (partial decomposition). 

Derivation: Chlorination of dichloromethyl ether. 
Hazard: Strong irritant to eyes and skin. 

hexachloronaphthalene. 
CAS: 1335-87-1. C10H2C16. 

Properties: White solid. 
Hazard: Toxic by inhalation, strong irritant, ab-
sorbed by skin. TLV: 0.2 mg/m3 of air. 

hexachlorophene. (2,2'-methylene-bis-(3,4,6-
trichlorophenol); bis-(3,5,6-trichloro-2-hydroxy-
phenyl)methane). 
CAS: 70-30-4. (C,HC13OH),CH,. 

Properties: White, free-flowing powder; odorless. 
Mp 161-167C. Soluble in acetone, alcohol, ether, 
chloroform; insoluble in water. 

Derivation: Condensation of 3,4,5-trichlorophenol 
with formaldehyde in the presence of sulfuric acid. 

Hazard: FDA prohibits use unless prescribed by a 
physician. 

Use: Topical antiinfective (restricted), germicidal 
soaps, veterinary medicine. 

hexachloro-2-propane. See hexachloroacetone. 

hexachloropropylene. (hexachloropropene; 
perchloropropylene). CCI,CCI:CC12. 

Properties: Water-white liquid. Bp 210C. Insoluble 
in water, miscible with alcohol, ether, chlorinated 
compounds. 

Use: Solvent, plasticizer, hydraulic fluid. 

hexacontane. C6011,„. High molecular weight hy-
drocarbon. 

Properties: Waxy solid. Mp 101C. 
Hazard: Combustible. 

hexacosanoic acid. See cerotic acid. 

n-hexadecane. (cetane). 
Properties: Colorless liquid. D 0.77335 (20/4C), 

flash p 200F (93C), bp 286.5C, mp 18.14C, refr 
index 1.43435 (20C). Soluble in alcohol, acetone, 
ether, insoluble in water, autoign temp 401F 
(205C). 

Grade: Technical, ASTM. 
Hazard: Combustible. 
Use: Solvent, organic intermediate, ignition standard 
for diesel fuels. 

See cetane number. 

hexadecanoic acid. See palmitic acid. 

1-hexadecanol. See cetyl alcohol. 

hexadecanoyl chloride. See palmitoyl chloride. 

1-hexadecene. (cetene; a-hexadecylene). 
CH,(CH,),3CH:CH2. 
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291 COMPREG 

comirin. Exact formula undetermined. An anti-
fungal agent produced by Bacterium antimyceticum 
composed mostly of amino acids. A gray to white 
powder that resists heat and acids but decomposes 
in the presence of alkalies; soluble in organic acids 
and bases; slightly soluble in water. A fungicide in 
paints, textile products, plant growth. 

comminution. Size reduction of materials by 
grinding, cutting, shredding, chopping, etc. Solids 
can be reduced to a particle size approaching 1 mi-
cron in special fine-grinding equipment. Commi-
nution of coal by chemical means is possible via a 
low molecular weight compound such as sodium 
hydroxide or anhydrous ethanol, which penetrates 
the natural fault system of the coal, causing frag-
mentation without mechanical crushing. This per-
mits removal of sulfur from coal without burning 
or grinding. Approximately 100 lbs of chemical are 
needed per ton of coal. 

common-ion effect. The reversal of ionization 
when a compound is added to a solution of another 
compound with which it has a common ion, the 
vo unl eingicept-constant._ 

compatibility. The ability of two or more mate-
rials to exist in close and permanent association in-
definitely. Liquids (solvents) are compatible if they 
are miscible and do not undergo phase separation 
on standing. Thus, water is compatible with alcohol 
but not with gasoline. Liquids and solids are com-
patible only if the solid is soluble in the liquid. Sol-
ids are compatible if they can exist in intimate con-
tact for long periods with no adverse effect of one 
on the other. 

"Compazine" [SmithKline]. TM for a brand of 
prochlorperazine, as the maleate or the edisylate. 

complement. In immunochemistry, any of a num-
ber of blood proteins that act in conjunction with 
antibodies to cause disintegration of invading cells. 
They are an essential component of immune serum. 

complex compound. See coordination com-
pound. 

complexing agent. See ligand; chelate; ethyl-
enediaminetetraacetic acid. 

complex ion. An ion that has a molecular struc-
ture consisting of a central atom bonded to other 
atoms by coordinate covalent bonds. 

See coordination compound. 

component. One of the minimum sets of sub-
stances required to generate the composition of all 
phases of a system in the absence of chemical re-
action of any substances in a mixture. 

See constituent. 

composite. A mixture or mechanical combination 
on a macroscale of two or more materials that are 
solid in the finished state, are mutually insoluble, 
and differ in chemical nature. The major types are 
(1) Laminates of paper, fabric, or wood (veneer) 
and a thermosetting material (resin, rubber, or ad-
hesive); examples are tire carcasses, plywood, and 
electrical insulating structures. (2) Reinforced plas-
tics, principally of glass fiber and a thermosetting 
resin; other types of fibers such as boron, aluminum 
silicate, and silicon carbide may be used. 

See whiskers. (3) Cermets, which are mixtures of 
ceramic and metal powders, heat treated and com-
pressed. (4) Fabrics, e.g., woven combinations of 
wool or cotton and a synthetic fiber. (5) Filled com-
posites in which a bonding material, i.e., linseed oil, 
resin, or asphalt, is loaded with a filler in the form 
of flakes or small particles; examples are linoleum, 
glass flake—plastic mixtures for battery cases, and 
asphalt—gravel road-surfacing mixtures. 

composting. Aerobic bacterial decomposition of 
solid organic wastes, both agricultural and urban, 
including sewage sludge. As much as 500 tons a 

 day can be handled in the larger installations, the 
waste degrading quickly without external heating. 
Decomposition is accelerated by adding ammo-
nium bicarbonate. The product can be used as a soil 
conditioner and for landfill. The waste is piled and 
turned frequently to provide aeration and to main-
tain a high temperature in the pile to destroy patho-
genic organisms. The volume of composted waste 
is from 20 to 60% of original volume. 

compound. (1) A substance composed of atoms 
or ions of two or more elements in chemical com-
bination. The constituents are united by bonds or 
valence forces. A compound is a-homogeneous-en 
tity in which the elements have definite proportions 
by weight and are represented by a chemical for-
mula. A compound has characteristic properties 
quite different from those of its constituent ele-
ments. It is decomposed by energy in the form of 
a chemical reaction, heat, or electric current. Ex-
ample: water is a liquid formed by chemical com-
bination of two gases; it can be separated into hy-
drogen and oxygen by an electric current 
(electrolysis); in certain reactions it is split into its 
constituent ions (H, OH) (hydrolysis); it is not 
chemically changed by heat or cold. 

See mixture; homogeneous; chemical reaction. 
(2) Loosely, a product formula (often proprietary) 

of various types, e.g., pharmaceuticals (a vegetable 
compound), rubber (a fast-curing compound), etc. 
(3) Having two sets of lenses (compound micro-

scope). 

compound 1080. Use may be restricted. 
See sodium fluoroacetate. 

compreg. A hardwood impregnated with a phen-
olformaldehyde resin under heat and pressure. 
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LIQUID CRYSTAL 676 

tion; (3) molecular size separations which depend 
on the effective molecular size of sample compo-
nents in solution. 
Solvents, often referred to as carriers, include iso-

octane, methyl ethyl ketone, acetone/chloroform, 
tetrahydrofuran, hexane, and toluene. 

Packing materials in columns of various lengths 
include silica gel, alumina, glass beads, polystyrene 
gel, and ion exchange resins. 
High-performance liquid chromatography 

(HPLC) is the term applied to new and more effec-
tive instrumental techniques developed in recent 
years that have greatly increased the scope of this 
analytical method. It can now be applied to biolog-
ical as well as chemical research. Among the sep-
arations possible are peptides (by reverse phase 
chromatography), proteins and enzymes (hydro-
phobic and size exclusion modes of chromatogra-
phy), amino acids, and inorganic and organometal-
lic compounds (neutral species, including clusters, 
by adsorption and size exclusion, and ionic species 
including coordination compounds). A compara-
tively recent development is the use of supercritical 
fluids as solvents, e.g., carbon dioxide and sulfur 
hexafluoride. 

See supercritical fluid; gas chromatography; paper 
chromatography; thin-layer chromatography; in-
strumentation. 

liquid crystal. An organic compound in an inter-
mediate or mesomorphic state between solid and 
liquid. This phenomenon was first noted in 1888 in 
cholesteryl benzoate, a crystalline solid. It becomes 
a turbid liquid, or liquid crystals, when heated to 
145C; on further heating to 179C the liquid be-
comes isotropic. This sequence is reversed when 
the substance is cooled. Color changes occur on 

pounds, e.g., sodium benzoate, exhibiting this be-
havior are known and used extensively in electric 
and electronic displays, thermometers, color TV 
tubes, electronic clocks and calculators, and similar 
devices dependent on temperature determination. 
Liquid crystals have several varieties of molecular 
order: nematic, smectic (nine types), and choles-
teric. They indicate small temperature differences 
by changing color when applied to the skin and are 
used in medicine for this purpose. They can align 
with dichroic dye molecules in a thin-layer cell to 
produce color changes. 

Available forms: Microencapsulated. 
See nematic; smectic; cholesteric. 

0 0 I 

liquid dioxide. See nitrogen dioxide. 

liquid-liquid extraction. The transfer of com-
ponents between two liquid phases. 

liquid-liquid interface. See dineric interface. 

liquid, Newtonian. Characteristic of liquids is 
their ability to flow, a property depending largely 

on their viscosity and sometimes also on the rate of 
shear. A Newtonian liquid is one that flows imme-
diately on application of force and for which the 
rate of flow is directly proportional to the force ap-

'plied. Water, gasoline, and motor oils at high tem-
peratures are examples. Some liquids have abnor-
mal flow response when force is applied, that is, 
their viscosity is dependent on the rate of shear. 
Such liquids are said to exhibit non-Newtonian flow 
properties. Some will not flow until the force ex-
erted is greater than a definite value called the yield 
point. (W. A. Gruse) 

liquid pitch oil. See creosote; coal tar. 

liquid rosin. See tall oil. 

liquid rubber. See rubber, liquid. 

liquor. In chemical technology, any aqueous so-
lution of one or more chemical compounds. In 
sugar manufacturing, it refers to the syrups obtained 
from various refining steps (mother liquors). The 
paper industry uses this term extensively as follows: 
(1)-blacHiquoris-liquid-digestei waste (also-called_ 
spent sulfate liquor) containing sulfonated lignin, 
rosin acids, and other waste wood components from 
which tall oil is made; (2) green liquor is a solution 
made by dissolving chemicals recovered in the al-
kaline pulping process in water; (3) white liquor is 
made by adding caustic soda to sodium sulfide so-
lution. In dyeing technology, red liquor is an alter-
nate name for mordant rouge. 

liter. (L, 1). The volume of one kilogram of water 
at its temperature of maximum density (4C) at stan-
dard atmospheric pressure.--A-liter is 1 05 quart,-or
0.26 gallon. 

"Lithafrax" [Carborundum]. TM for a ce-
ramic material made from /3-spodumene. 

litharge. (lead oxide, yellow; plumbous oxide; 
lead monoxide). 
CAS: 1317-36-8. PbO. An oxide of lead made by 
controlled heating of metallic lead. 

Properties: Yellow crystals. D 9.53, mp 888C. In-
soluble in water; soluble in acids and alkalies. A 
strong base. Commercial grades are yellow to red-
dish, depending on treatment and purity. 

See massicot. 
Derivation: By oxidizing metallic lead in air. Vari-
ous forms of lead and various temperatures from 
500-1000C are used. 

Grade: CP, fused, powdered. 
Hazard: Toxic by ingestion and inhalation. TLV 
(Pb): 0.15 mg/m3 of air. 

Use: Storage batteries, ceramic cements and fluxes, 
pottery and glazes, glass, chromium pigments, oil 
refining, varnishes, paints, enamels; assay of pre-
cious metal ores, manufacture of red lead, cement 
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Properties: Colorless oil. D 0.8886 (18/4C), fp 
—35C, bp 212C (16 mm Hg), refr index 1.4593 
(25C). Insoluble in water; soluble in alcohol and 
ether. Combustible. 

Derivation: Urea fractionation and vacuum distil-
lation of methyl esters of safflower oil. 

Grade: Technical, purified (99 + %). 
Use: Intermediate for detergents, emulsifiers, wet-
ting agents, stabilizers, resins, lubricants, plasticiz-
ers, textiles, reference standard in gas chromatog-
raphy, biochemical research. 

methyllithium. CH3Li. Commercially available 
as a 5% solution in ether. 

Hazard: Flammable, dangerous fire and explosion 
risk, self-ignites in air. 

Use: In Grignard-type reactions. 

methylmagnesium bromide. CH3MgBr. Avail-
able in solution in ether. 

Derivation: Reaction of magnesium and methyl-
bromide. 

Hazard: Flammable, dangerous fire and explosion 
risk. 

Use: Alkylating agent in organic synthesis, Grignard 
reagent. 

methylmagnesium chloride. CH,MgCl. Avail-
able as a solution in tetrahydrofuran. 

Hazard: Flammable, dangerous fire and explosion 
risk. 

Use: Alkylating agent in organic synthesis, Grignard 
reagent. 

methylmagnesium iodide. CH,MgI. Available 
as solution in ether. 

Derivation: Reaction of magnesium and methyl io-
dide. 

Hazard: Flammable, dangerous fire and explosion 
risk. 

Use: Alkylating agent in organic synthesis, Grignard 
reagent. 

methylmaleic anhydride. See citraconic an-
hydride. 

methyl margarate. See methyl heptadecanoate. 

methyl mercaptan. Legal label name for meth-
anethiol. 

methylmercury acetate. CH,HgOOCCH,. 
Hazard: Toxic by ingestion, absorbed by skin. TLV: 
0.01 mg/m3 of air. 

Use: Seed disinfectant. 

methylmercury cyanide. (methylmercury ni-
trile). CH,HgCN. 

Properties: Crystals. Mp 95C. Soluble in water and 
organic solvents. 

Hazard: Toxic by ingestion, absorbed by skin. TLV: 
0.01 mg/m3 of air. 

Use: Fungicide, seed disinfectant. 

methylmercury dicyandiamide. 
See cyano(methylmercury)guanidine. 

methylmercury-2,3-dihydroxypropylmercap-
tide. CH,HgSCH2CH2OCH,OH. 

Hazard: Toxic by ingestion, absorbed by skin. TLV: 
0.01 mg/m3 of air. 

Use: Seed disinfectant. 

methylmercury-8-hydroxyquinolate. See 
methylmercury quinolinolate. 

methylmercury quinolinolate. 
(methylmercury-8-hydroxyquinolate; 
methylmercury oxyquinolinate). 
CAS: 86-85-1. C,H,INTOHgCH,. 

Properties: Yellow crystals. Mp 133-137C. 
Hazard: Toxic material. TLV: 0.01 mg/m3 of air. 
Use: Seed disinfectant. 

methyl methacrylate. 
CAS: 80-62-6. CH2:C(CH3)COOCH,. Acrylic resin 
monomer. 

Properties: Colorless, volatile liquid. Bp 101C, fp 
—48.2C, d 0.940 (25/25C), flash p (OC) 50F (10C), 
autoign temp 790F (421C). Slightly soluble in wa-
ter; soluble in most organic solvents. Readily poly-
merized by light, heat, ionizing radiation and cat-
alysts. Can be copolymerized with other 
methacrylate esters and many other monomers. 

Derivation: (1) Acetone cyanohydrin, methanol, 
and dilute sulfuric acid; (2) oxidation of tert-butyl 
alcohol to methacrolein and then to methacrylic 
acid, followed by reaction with methanol. 

Grade: Technical (inhibited). 
Hazard: Flammable, dangerous fire risk, explosive 
limits in air 2.1-12.5%. TLV: 100 ppm in air. 

Use: Monomer for polymethacrylate resins, impreg-
nation of concrete. 

See acrylic resin. 

methylmethane. See ethane. 

N-methyl methyl anthranilate. 
See dimethyl anthranilate. 

7-methyl-3-methylene-1,6-octadiene. 
See myrcene. 

methylmorphine. See codeine. 

N-methyl morpholine. 
CAS: 109-02-4. 

CH,CH,OCH,CH,NCH,. 
Properties: Water-white liquid; ammonia odor. D 

0.921 (20/20C), bp 115.4C, fp —66C, flash p 75F 

(23.9C) (TOC). Forms constant-boiling mixture 

with 25% water and boiling at 97C. Miscible with 

benzene, water. 
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in 1926. It has yielded a better understanding of the 
electron and its critical part in chemical bonding 
than is possible with Newtonian mechanics. In sim-
ple language, the orbital theory considers the elec-
tron not as a particle but as a three-dimensional 
wave that can exist at several energy levels; its exact 
location and position in the "shell" (which in most 
elements is a group of orbitals) cannot be precisely 
determined but only predicted by the laws of math-
ematical probability. The orbital levels and the 
movement of electrons within them are expressed 
by wave functions and quantum numbers. The 
probability that an electron will be found in a given 
volume (i.e., the square of the one-electron wave 
function) is called the orbital of that electron, and 
the shape of the orbital is defined by surfaces of 
constant probability (i.e., spheres and elliptically 
shaped doughnuts). The electron orbital, described 
in terms of probability, is like a cloud, with indef-
inite boundaries. The energy state of each electron 
is given by four quantum numbers that describe its 
principal level, its angular momentum, its magnetic 
moment, and its spin. This concept has exerted a 
profound effect on modern ideas about chemical 
bonding. transition metal complexes, semiconduc-
tors, and solid-state physics. 

orcin. (dihydroxytoluene; methylresorcinol; orci-
nol). 
CAS: 504-15-4. CH3C6H3(OH)2. 

CH 2OH 
OH 

Properties: White, crystalline prisms becoming red 
m air; intensely sweet, unpleasant taste. D 1.2895, 
mp (anhydrous) 107C, (hydrated) 56C; bp 287-
290C. Soluble in water, alcohol, and ether. 

Derivation: By fermentation of various species of 
lichens (rocella) and extraction. 

Use: Reagent for certain carbohydrates (beet sugar, 
lignin, pentoses, etc.). 

order of magnitude. A range of values applied 
to numbers, distances, dimensions, etc., that begins 
at any value and extends to 10 times that value; e.g., 
2 is of the same order of magnitude as any number 
between itself and 20; and 5 miles is of the same 
order of magnitude as any distance between 5 and 
50 miles. The expression usually applies to ex-
tremely large or extremely small units, i.e., the size 
ranges of atoms, molecules, colloidal particles, etc., 
or astronomical distances. 

ore. An aggregate of valuable minerals and gangue 
from which one or more metals can be extracted at 
a profit. 

ore flotation. See flotation. 

organelle. A portion of a cell having specific func-
tions, distinctive chemical constituents, and char-
acteristic morphology; it is a unit subsystem of a 
cell. Examples are mitochondria and chromosomes. 
Organelles are often closely associated with en-
zymes. The lysosome (an enzyme-bearing organ-
elle) has been synthesized. 

organic chemistry. A major branch of chemistry 
that embraces all compounds of carbon except such 
binary compounds as the carbon oxides, carbides, 
carbon disulfide, etc.; such ternary compounds as 
the metallic cyanides, metallic carbonyls, phosgene 
(COC12), carbonyl sulfide (COS), etc.; and the me-
tallic carbonates, such as calcium carbonate and so-
dium carbonate. The total number of organic com-
pounds is indeterminate, but some 6,000,000 have 
been identified and named. These fall into several 
structural groups as follows: 

I. Aliphatic (straight chain) 
1. Hydrocarbons (petroleum and coal derived) 

(a) Paraffins or alkanes (saturated) (C„112„.„) 
methane and homologs; halogen-substi-
tuted derivatives, e.g., fluorocarbons 

(b) Olehns (unsaturated) 
(1) Alkenes (one double bond) (C„H,„) 

ethylene and homologs 
(2) Alkadienes (two double bonds) 

butadiene, allene 
(c) Acetylenes or alkynes (triple bond) 

2. Alcohols (ROH): methanol and homologs 
3. Ethers (ROR): methyl ether and homologs 
4. Aldehydes (RCHO): formaldehyde, acetalde-

hyde 
5. Ketones (RCOR): acetone, methylethylketone 
6. Carboxylic acids (RCOOH) 
7. Carbohydrates-(C142„O„) 

(a) Sugars: glucose, fructose, sucrose, gums 
(b) Starches: wheat, corn, potato 
(c) Cellulose: cotton, plant fibers 

II. Cyclic (closed ring) 
1. Alicyclic hydrocarbons (properties similar to 

aliphatics) 
(a) Cycloparaffins (naphthenes) (saturated): 

cyclohexane, cyclopentane, etc. 
(b) Cycloolefins (unsaturated): cyclopentadi-

ene, cyclooctatetraene 
(c) Cycloacetylenes (triple bond) 

2. Aromatic hydrocarbons (arenes): unsaturated 
compounds; hexagonal ring structure; single 
and multiple fused rings 
(a) Benzene group (1 ring) 
(b) Naphthalene group (2 rings) 
(c) Anthracene group (3 rings) 
(d) Polycyclic group (steroids, sterols) 

3. Heterocyclic: unsaturated; usually pentagonal 
rings containing at least one other element be-
sides carbon 
(a) Pyrroles 
(b) Furans 
(c) Thiazoles 
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(d) Porphyries 
III. Combinations of aliphatic and cyclic structures 

1. Terpene hydrocarbons 
2. Amino acids (some are aliphatic and others 

combinations) 
3. Proteins and nucleic acids (coiled or helical 

formations) 
IV. Organometallic compounds 
V. Synthetic high polymers, including silicones 

Important areas of organic chemistry include po-
lymerization, hydrogenation, isomerization, fer-
mentation, photochemistry, and stereochemistry. 
There is no sharp dividing line between organic and 
inorganic chemistry; the two often tend to overlap. 

See inorganic chemistry. 

"Organiclear" [Standard]. (methylene bis-
thiocyanate). 
CAS: 6317-18-6. TM for wood preservative. 

Use: To stop wood rot, termite attack, mildew, and 
decay. 

organoborane. A compound composed of an un-
saturated organic group and a borane obtained by
the hydroboration reaction. Such compounds are 
useful catalytic reagents in organic syntheses of 
some complexity, e.g., cis- or trans-olefins, opti-
cally pure alcohols, alkanes, and ketones. Prosta-
glandins and insect pheromones have been synthe-
sized by this means. A particularly versatile 
example is triphenylboron, B(C6H5),. 

See hydroboration; carborane; borane. 

organoclay. (organopolysilicate). A clay such as 
kaolin or montmorillonite, to which organic struc-
tures have been chemically bonded; since the sur-

 faces of the clay particles, which have a latticelike_ 
arrangement, are negatively charged, they are ca-
pable of binding organic radicals. When this type 
of structure is in turn reacted with a monomer such 
as styrene, a complex known as a polyorganosili-
cate graft polymer results. 

organoleptic. A term widely used to describe 
consumer testing procedures for food products, per-
fumes, wines, and the like in which samples of var-
ious products, flavors, etc. are submitted to groups 
or panels. Such tests are a valuable aid in determin-
ing the acceptance of the products and thus may be 
viewed as a marketing technique. They also serve 
psychological purposes and are an important means 
of evaluating the subjective aspects of taste, odor, 
color, and related factors. The physical and chem-
ical characteristics of foods are stimuli for the eye, 
ear, skin, nose, and mouth, whose receptors initiate 
impulses that travel to the brain, where perception 
occurs. 

organometallic compound. An organic com-
pound composed of a metal attached directly to car-
bon (RM); such compounds have been prepared of 

practically all the metals, as well as with such non-
metals as silicon and phosphorus. Metallic salts 
(soaps) of organic acids are excluded. Examples are 
diethylzinc (the first known organometallic), Gri-
gnard compounds such as methyl magnesium io-
dide (CH,MgI), and metallic alkyls such as butyl-
lithium (C4H9Li), tetraethyllead, triethyl aluminum, 
tetrabutyl titanate, sodium methylate, copper 
phthalocyanine, and metallocenes. Some are highly 
toxic or flammable; others are coordination com-
pounds. 

Reactive and moderately reactive organometallic 
compounds will react with all functional groups; 
two major types of reaction in which they are in-
volved are oxidation and cleavage by acids. Prob-
ably the most important organometallic reactions 
are those involving addition to an unsaturated link-
age. Many of them are powerful catalysts and form 
useful coordination complexes. 

See catalysis; metallocene; coordination compound. 

organophosphorus compound. Any organic 
compound containing phosphorus as a constituent. 
These fall into several groups, chief of which are 

lowing: (1) phespholipids, or phosphatides,_ 
which are widely distributed in nature in the form 
of lecithin, certain proteins, and nucleic acids; (2) 
esters of phosphinic and phosphonic acids, used as 
plasticizers, insecticides, resin modifiers, and 
flame-retardants; (3) pyrophosphates, e.g., tetra-
ethyl pyrophosphate, which are the basis for a broad 
group of cholinesterase inhibitors used as insecti-
cides; (4) phosphoric esters of glycerol, glycol, sor-
bitol, etc., which are components of fertilizers. 
While many of these compounds play an important 
part in animal metabolism, those in group (3) are 
toxic and should be handled with extreme care. 

organopolysilicate. See organoclay. 

organosilane. See organosilicon. 

organosilicon. An organic compound in which 
silicon is bonded to carbon (organosilane). Such 
compounds were first made by Friedel and Crafts 
in 1863. Silicon was found to have a remarkable 
chemical similarity to carbon, which it can replace 
in organic compounds. The silicon-carbon bond is 
about as strong as the carbon-carbon bond, and 
compounds containing them are similar in proper-
ties to all-carbon compounds. Organosilicon oxides 
(organosiloxanes or silicones) were discovered by 
F. S. Kipping in England in 1900; he found that 
Grignard reagents would react with silicon tetra-
chloride to form silicon-carbon-bonded polymers 
of both ring and chain types. These were named 
silicones because of the similarity of their empirical 
formula (12,SiO) to that of ketones (RICO). 
An organosilicon compound (tetramesityldisilene) 

containing a silicon to silicon double bond has been 
synthesized. It is a crystalline solid, mp 176C, and 
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drocarbon, mineral and vegetable oils and animal 
fats and oils, and are particularly resistant to petro-
leum products. "Paracril" is also used as a plasti-
cizer for vinyls and other thermoplastic and ther-
mosetting resins. 

"Paradene" [Neville]. TM for low-priced, dark, 
thermoplastic, coal tar resins (coumarone-indene) 
available in low to high softening-point ranges. 

Use: Rubber compounding. 

paraffin. (1) Also called alkane. A class of ali-
phatic hydrocarbons characterized by a straight or 
branched carbon chain; generic formula C„H„„. 
Their physical form varies with increasing molec-
ular weight from gases (methane) to waxy solids. 
They occur principally in Pennsylvania and mid-
continent petroleum. (2) Paraffin wax. 

paraffin, chlorinated. A paraffin oil or wax in 
which some of the hydrogen atoms have been re-
placed by chlorine atoms. Nonflammable. 

Use: High-pressure lubricants, as flame-retardants in 
plastics and textiles, as plasticizer for polyvinyl 
chloride in polyethylene sealants, and in detergents. 

paraffin distillate. A distilled petroleum fraction 
that when cooled consists of a mixture of crystalline 
wax and oil. 

paraffin oil. An oil either pressed or dry-distilled 
from paraffin distillate. Liquid petrolatum is also 
known as paraffin oil. Combustible. 

Grade: By viscosity and color. 
Use: Floor treatment, lubricant. 

paraffin wax. (paraffin scale; paraffin). 
CAS: 8002-74-2. 

Properties: White, translucent solid; tasteless; odor-
less. Consisting of a mixture of solid hydrocarbons 
of high molecular weight, e.g., C36H74. D 0.880-
0.915, mp 47-65C, flash p 390F (198C), autoign 
temp 473F (245C). Soluble in benzene, ligroin, 
warm alcohol, chloroform, turpentine, carbon di-
sulfide, and olive oil; insoluble in water and acids. 
Combustible. 

Grade: Yellow crude scale, white scale, refined wax, 
ASTM, NE Also graded by melting point in F and 
color. The higher-melting grades are more expen-
sive. 

Hazard: Many waxes contain carcinogens. TLV: 2 
mg/m3 of air. 

Use: Candles; paper coating; protective sealant for 
food products, beverages, etc.; glass-cleaning prep-
arations; hot-melt carpet backing; biodegradable 
mulch (hot melt-coated paper); impregnating 
matches; lubricants; crayons; surgery; stoppers for 
acid bottles; electrical insulation; floor polishes; 
cosmetics; photography; antifrothing agent in sugar 
refining; packing tobacco products; protecting 
rubber products from sun-cracking; chewing-gum 
base (to ASTM specifications). 

"Paraflint." TM for a polymethylene wax. It is 
white, odorless, and has congealing point of 96C. 
Available in flaked form. Approved by FDA. 

"Para-Flux" [Hall]. TM for a series of petro-
leum-based plasticizers for natural and synthetic 
rubbers. 

paraformaldehyde. (paraform). 
CAS: 30525-89-4. HO(CH2O)„H. A polymer of for-
maldehyde in which n equals 8 to 100. Not to be 
confused with the trimer, symtrioxane. 

Properties: White solid; slight odor of formalde-
hyde. Melting range 120-170C, flash p 160F (71C) 
(CC), autoign temp 572F (300C). Insoluble in al-
cohol and ether; soluble in strong alkali solution. 
The higher polymers are insoluble in water. Com-
bustible. 

Derivation: By evaporating an aqueous solution of 
formaldehyde. 

Available forms: Flake, powder. 
Grade: Bags, carlots. 
Hazard: Toxic by ingestion. 
Use: Fungicides; bactericides; disinfectants; adhe-
sives; hardener and waterproofing agent for gelatin; 
contraceptive creams. 

paraldehyde. (2,4,6-trimethy1-1,3,5-trioxane). 
CAS: 123-63-7. C6H12O,. A cyclic polymer (trimer) 
of acetaldehyde. A depressant drug; may be addic-
tive. 

Properties: Colorless liquid; disagreeable taste; 
agreeable odor. D 0.9960 (20/20C), bp 124.5C, mp 
12.6C, vap press 25.3 mm Hg (20C), flash p 96F 
(35.5C) (TOC), sp heat 0.434, refr index 1.40-1.42 
(20C), bulk d 8.27 lb/gal (20C), autoign temp 460F 
(237C). Decomposes on standing; stable toward al-
kalies but slowly decomposed to acetaldehyde 
when treated with a trace of mineral acid; miscible 
with most organic solvents and volatile oils; soluble 
in water. 

Derivation: Action of hydrochloric acid and sulfuric 
acid upon acetaldehyde. 

Grade: Technical, USP. 
Hazard: Flammable, moderate fire risk. Toxic by 
ingestion. 

Use: Substitute for acetaldehyde; rubber accelera-
tors; rubber antioxidants; synthetic organic chemi-
cals; dyestuff intermediates; solvent for fats, oils, 
waxes, gums, resins; leather; solvent mixture for 
cellulose derivatives; sedative (hypnotic). 

paralytic shellfish poisoning. See red tide. 

paramagnetic analytical methods. Analysis 
of fluid mixtures by measurement of the paramag-
netic susceptibilities of materials when exposed to 
a magnetic field. 

See electron paramagnetic resonance; magneto-
chemistry. 

paranitraniline. See p-nitroaniline. 
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by (1) direct esterification and (2) transesterification 
reactions. Combustible. 
Some examples of (1): decaglycerol monostearate, 

semisolid, d 1.04, mp 51.9C; decaglycerol mon-
ooleate, viscous liquid, d 1.13, mp around 0C; de-
caglycerol hexaoleate, liquid, d 0.97, mp —17.7C. 
Examples of (2): triglycerol monolinoleate, vis-

cosity 322 cP (75.5C); triglycerol trilinoleate, vis-
cosity 30.1 cP (75.5C). 

Use: Lubricants, plasticizers, paint and varnish ve-
hicles, gelling agents, urethane intermediates, ad-
hesives, cross-linking agents, humectants, textile fi-
ber finishes, functional fluids, surface-active agents, 
dispersants and emulsifiers in foods, pharmaceuti-
cals, cosmetic preparations. 

polyglycol. See polyethylene glycol. 

polyglycol amine H-163. 
11O[C,H2O]2C,H6NH2. 

Properties: Colorless liquid. D 1.0556, bp (decom-
poses), fp 14.5C, bulk d 8.8 lb/gal, flash p 295F 
(146C). Soluble in water. Combustible. 

polyglycol distearate. (polyethylene glycol dis-
tearate . 
CAS: 9005-08-7. 
C,,H35COO(CH2CH,O)„OCC,,H35. Distearate ester 
of polyglycol. 

Properties: A soft, off-white solid. D 1.04 (50C), 
mp 43C, pH of 10% dispersion 7.26, saponification 
number variable. Soluble in chlorinated solvents, 
light esters, and acetone; slightly soluble in alco-
hols; insoluble in glycols, hydrocarbons, and vege-
table oils. Combustible. 

Use: Plasticizer for various resins, component of 
grinding and polishing pastes to promote easy re-

 moval in water. 

"Polygriptex." TM for an adhesive especially 
designed for bonding polyethylene sheeting to po-
rous surfaces, used in making polyethylene-lined 
bags and multiwall 'craft bags. Has good adhesion 
to waxed surfaces. Available in viscosities from 300 
to 20,000 cP. 

polyhalite. 2CaSO4•MgSOeK,SO4.2H2O. A nat-
urally occurring potash salt found in Germany, 
Texas, and New Mexico. 

Use: Source of potash for fertilizer. 

polyhexamethyleneadipamide. Same as nylon 
66. 

polyhexamethylene sebacamide. Same as ny-
lon 610. 

polyhydric alcohol. See polyol. 

polyimide. Any of a group of high polymers that 
have an imide group (—CONHCO—) in the poly-
mer chain. 

Properties: Tensile strength 13,500 psi, d 1.42, wa-
ter absorption 0.3% (24 h at 77K), heat distortion 
point above 260C, dielectric constant at 2000 me 
3.2, and coefficient of linear expansion 28.4 X 
10 -6 inch/inch/foot. High-temperature stability (up 
to 370C), excellent frictional characteristics, good 
wear resistance at high temperatures, resists radia-
tion, exhibits low outgassing in high vacuum, re-
sistant to organic materials at quite high tempera-
tures, not resistant to strong alkalies and to long 
exposure to steam. Flame retardant. 

Use: High-temperature coatings, laminates and com-
posites for aerospace vehicles, ablative materials, 
oil sealants and retainers, adhesives, semiconduc-
tors, valve seats, bearings, insulation for cables, 
printed circuits, magnetic tapes (high- and low-tem-
perature-resistant), flame-resistant fibers, binders in 
abrasive wheels. 

polyindene resin. See coumarone-indene resin. 

polyisobutene. See polybutylene. 

polyisobutylene. See polybutylene. 

polyisocyanurate. See-isocyanurate.

polyisoprene. (C,H8)„. The major component of 
natural rubber, also made synthetically. Forms are 
stereospecific cis-1,4- and trans-1,4-polyisoprene. 
Both can be produced synthetically by the effect of 
heat and pressure on isoprene in the presence of 
stereospecific catalysts. Natural rubber is cis-1,4-; 
synthetic cis-1,4- is sometimes called synthetic nat-
ural rubber. trans-1,4-Polyisoprene resembles 
gutta-percha. Polyisoprene is thermoplastic until 
mixed with sulfur and vulcanized. Supports com-
bustion. 

See rubber, natural; rubber, synthetic; catalyst, ste-
reospecific. 

"Polylite" [Reichhold]. TM for a group of 
100% reactive alkyd resins, dissolved in styrene and 
other monomers. Highly diversified applications 
both alone and in combination with such materials 
as fibrous glass. This group also includes resins for 
use with diisocyanate to form rigid or flexible poly-
urethane foams. 

"POLYMEKON" [Petrolite]. TM for a disper-
sion. 

polymer. A macromolecule formed by the chem-
ical union of five or more identical combining units 
called monomers. In most cases the number of 
monomers is quite large (3500 for pure cellulose) 
and often is not precisely known. In synthetic poly-
mers this number can be controlled to a predeter-
mined extent, e.g., by short-stopping agents. (Com-
binations of two, three, or four monomers are 
called, respectively, dimers, trimers, and tetramers 
and are known collectively as oligomers.) A partial 
list of polymers by type is as follows: 
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I. Inorganic: siloxane, sulfur chains, black phospho-
rus, boron-nitrogen, silicones 

II. Organic 
1. Natural 

(a) Polysaccharides: starch, cellulose, pectin, 
seaweed gums (agar, etc.), vegetable gums 
(arabic, etc.) 

(b) Polypeptides (proteins): casein, albumin, 
globulin, keratin, insulin, DNA 

(c) Hydrocarbons: rubber and gutta-percha 
(polyisoprene) 

2. Synthetic 
(a) Thermoplastic: elastomers (unvulcanized), 

nylon, polyvinyl chloride, polyethylene 
(linear), polystyrene, polypropylene, fluo-
rocarbon resins, polyurethane, acrylate res-
ins 

(b) Thermosetting: elastomers (vulcanized), 
polyethylene (cross-linked), phenolics, al-
kyds, polyesters 

3. Semisynthetic: cellulosics (rayon, methylcel-
lulose, cellulose acetate), modified starches 
(starch acetate, etc.) 

polymer, addition. S- e additioj, polymer.

polymer, atactic. See atactic. 

polymer, block. See block polymer. 

polymer, condensation. A polymer formed by a 
condensation reaction. 

polymer, coordination. A polymer made by or-
ganic addition, neither free radical nor ionic, using 
an organometallic catalyst. 

polymer, electroconductive. A polymer or elas-
tomer made electrically conductive by incorpora-
tion of a substantial percentage of a suitable metal 
powder (e.g., aluminum) or acetylene carbon black; 
the proportion used must be high enough to permit 
the particles to be in contact with one another in 
the mixture. Polyelectrolytes such as ion-exchange 
resins, salts of polyacrylic acid, and sulfonated 
polystyrene are electroconductive in the presence 
of water. Pyrolysis of polyacrylonitrile makes it 
electrically conductive without impairment of its 
structure. Polyacetylene and a few related polymers 
are made conductive by various doping agents such 
as arsenic pentafluoride and iodine. 

See polyacetylene. 

polymer eutactic. A tactic polymer completely 
devoid of any structural disorder along its chain. 

polymer, graft. See graft polymer. 

polymer, high. An organic macromolecule com-
posed of a large number of monomers. The molec-
ular weight may range from 5000 into the millions 

(for some polypeptides). Natural high polymers are 
exemplified by cellulose (C81-1,00)„ and rubber 
(C5H8)„. Proteins are natural high-polymer combi-
nations of amino acid monomers. The dividing line 
between low and high polymers is considered to be 
in the neighborhood of 5000 to 6000 mw. 
Synthetic high polymers (or "synthetic resins") 

include a wide variety of materials having proper-
ties ranging from hard and brittle to soft and elastic. 
Addition of such modifying agents as fillers, col-
orants, etc. yields an almost infinite number of 
products collectively called plastics. High polymers 
are the primary constituents of synthetic fibers, 
coating materials (paints and varnishes), adhesives, 
sealants, etc. Polymers having special elastic prop-
erties are called rubbers, or elastomers. 
Synthetic polymers in general can be classified: 

(1) by thermal behavior, i.e., thermoplastic and 
thermosetting; (2) by chemical nature, i.e., amino, 
alkyd, acrylic, vinyl, phenolic, cellulosic, epoxy, 
urethane, siloxane, etc.; and (3) by molecular struc-
ture, i.e., atactic, stereospecific, linear, cross-linked, 
block, graft, ladder, etc. Copolymers are products 
made by combining two or more polymers in one 
reaction (styrene-butadiene). 

See cross-linking; block polymer; epitaxy; homo-
polymer; plastics. 

polymer, homo-. A polymer consisting of only 
one repeated monomer. 

polymer, inorganic. A polymer in which the 
main chain contains no carbon atoms and in which 
behavior similar to that of an organic polymer can 
be developed, i.e., covalent bonding and cross-link-
ing, as in silicone polymers. Here the element sili-
con replaces carbon in the straight chain; substitu-
ent-groups-are _often_present. forming highly useful 
polymers. Other inorganic high polymers are black 
phosphorus, boron, and sulfur, all of which can 
form polymeric structures under special conditions. 
At present these have little or no commercial sig-
nificance. 

Note: Some authorities consider silicone resins to be 
semiorganic, since their substituent groups are 
composed of methyl groups. 

polymer, isotactic. A type of polymer structure 
in which groups of atoms that are not part of the 
backbone structure are located either all above or 
all below the atoms in the backbone chain, when 
the latter are all in one plane. 

See polymer, stereospecific. 

HHHHH H 
I I I I I 

— C—C—C—C—C—C — 
I I I I I 

H 
I 

HOHO O 
R R R 

polymerization. A chemical reaction, usually 
carried out with a catalyst, heat, or light, and often 
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POLYMER, LADDER 902 

under high pressure, in which a large number of 
relatively simple molecules combine to form a 
chainlike macromolecule. The combining units are 
called monomers, e.g., styrene is the monomer for 
polystyrene. The linear chains can be combined 
(cross-linked) by addition of appropriate chemicals. 
The polymerization reaction occurs spontaneously 

in nature; industrially it is performed by subjecting 
unsaturated or otherwise reactive substances to con-
ditions that will bring about combination. This may 
occur by addition, in which free radicals are the 
initiating agents that react with the double bond of 
the monomer by adding to it on one side, at the 
same time producing a new free electron on the 
other. 

lr + CH2=CHX R—CH,--CHX* 

By this mechanism the chain becomes self-prop-
agating. Polymerization may also occur by conden-
sation, involving the splitting out of water mole-
cules by two reacting monomers, and by so-called 
oxidative coupling. The degree of polymerization 
(DP) is the number of monomer units in an average 
polymer unit of a given sample. 
Polymerization techniques may be (1) io the gab 

phase at high pressures and temperatures (200C), solubility makes them valuable for a wide variety 

(2) in solution at normal pressure and temperatures of applications as thickeners, adhesives, coatings,

from —70 to + 70C, (3) bulk or batch polymeri- food additives, textile sizing, etc. 

zation at normal pressure at 150C, (4) in suspension See specific entries. 

at normal pressure at 60-80C, (5) in emulsion form (1) Natural. This type is principally composed of

at normal pressure at —20 to + 60C (used for co- gums, which are complex carbohydrates of the 
sugar group. They occur as exudations of hardened 

essary with some of these methods. 
polymers). Catalysts of the peroxide type are nec-

sap on the bark of various tropical species of trees. 

Note: Polymerization, like its handmaiden, catalysis, All are strongly hydrophilic. Examples are arabic, 

has long been one of the most complex and pro- tragacanth, karaya. 
(2) Semisynthetic. This group (sometimes called ductive areas of chemical research; from year to 

y:ar-new--materials and_reaction mechanisms_ar water-soluble  resins) includes such chemically 
trsee   natural polymers as carboxymethylcellu-
lose, methylcellulose, and other cellulose ethers, as 
well as various kinds of modified starches (ethers 
and acetates). 
(3) Synthetic. The principal members of this class 

are polyvinyl alcohol, ethylene oxide polymers, 
polyvinyl pyrrolidone, polyethyleneimine. 

space for the constituent atoms and atomic groups 
comprising the molecular chain, rather than the ran-
dom and varying arrangement that characterizes an 
amorphous polymer. Achievement of this specific 
steric (three-dimensional) structure (also called tac-
ticity) requires use of special catalysts such as those 
developed by Ziegler and Natta about 1950. Such 
polymers are wholly or partially crystalline. Syn-
thetic natural rubber, cis-polyisoprene, is an ex-
ample of a stereospecific polymer made possible by 
this means. There are five types of stereospecific 
(or stereoregular) structures: cis, trans, isotactic, 
syndiotactic, and tritactic. 

See catalyst; stereospecific. 

polymer, syndiotactic. See syndiotactic poly-
mer. 

constantly being explored, sometimes with only 
marginal success. But it need only be recalled that 
such now commonplace materials as polyethylene, 
polycarbonate, nylon, neoprene, epoxies, acrylics, 
to mention only a few, as well as block, graft, and 
stereospecific polymers, have resulted from contin-
uous and intensive research by many brilliant chem-
ists over the last 60 years, and this research contin-
ues undiminished. 

See free radical; cross-linking. 

polymer, ladder. See ladder polymer. 

polymer, low. A polymer composed of compara-
tively few monomer units and having a molecular 
weight from 300 to 5000. 

polymer, natural. See polymer. 

polymer, stereoblock. See stereoblock polymer. polymethylene wax. See wax, polymethylene. 

polymer, stereospecific. (stereoregular). A poly- poly-4-methylpentene-1. 
mer whose molecular structure has a definite spatial Properties: High resistance to all chemicals except 
arrangement, i.e., a fixed position in geometrical carbon tetrachloride and cyclohexane. Excellent 

polymer, synthetic. See polymer. 

polymer, water-soluble. Any substance of high 
molecular weight that swells or dissolves in water 
at normal temperature. These fall into several 
groups, including natural, semisynthetic, and syn-
thetic products. Their common property of water 

polymethacrylate resin. See acrylic resin; 
methyl methacrylate. 

polymethylbenzene. See durene; pseudocu-
mene. Durene and pseudocumene are two members 
of this group with some commercial production and 
use. 

polymethylene polyphenylisocyanate. 
A polymer of diphenylmethane-4,4'-diisocyanate. 
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909 POMERANZ-FRITSCH REACTION 
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)lymer that is more 
Ie. The copolymer 

chloride. It gener-
uses as polyvinyl 

C). A chlorinated 
rength and superior 
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►ing. 
rrosive materials up 
or direct attack by 
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+I ethyl ether; poly-
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dride. 

;; polyvinyl ether). 

bery solid, depend-
rless when pure. D 
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inyl ethyl ether. 
mprove adhesion to 
Ilulose acetate, and 
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Softened by chlo-
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dnylidene chloride 
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sted compounds. 

Available forms: Extruded and molded products, 
oriented fibers, films. 

Use: Packaging of food products, especially meats 
and poultry; insecticide-impregnated multiwall pa-
per bags; pipes for chemical processing equipment; 
seat covers; upholstery; fibers; bristles; latex coat-
ings. 

See saran fiber; "Cryovac." 

polyvinylidene fluoride. (—H,C=CF,—)„. A 
thermoplastic fluorocarbon polymer suitable for 
compression and injection molding and extrusion. 

Properties: Crystals. Mp 171C, thermally stable 
from —62 to + 148C. Combustible, self-extin-
guishing, and nondripping. Tensile strength 7000 
psi at 25C, yield stress 5500 psi; elongation 300%, 
compression strength 10,000 psi, thermal conduc-
tivity 1.05 Btu/hr/sq ft/F/in, water absorption 
0.04% in 24 hr, d 1.76, refr index 1.42. Resistant 
to oxidative degradation, electricity, acids, alkalies, 
oxidizers, halogens; somewhat soluble in dimethyl-
acetamide; attacked by hot concentrated sulfuric 
acid or n-butylamine. 

Available forms: Powder, pellets, solution, and dis-
persion. 

Use: Insulation for high-temperature wire; tank lin-
ings; chemical tanks and tubing; protective paints 
and coatings with exceptional resistance (30 years) 
to weathering and UV; valve and impeller parts; 
shrinkage tubing to encapsulate resistors, diodes, 
and soldered joints; sealant. 

See fluorocarbon polymer. 

polyvinyl isobutyl ether. (PVI; polyvinyl ether). 
[—CH(OCH2CH(CH3),C1-12—]„. 

Properties: White, opaque elastomer or viscous liq-
uid depending on molecular weight; almost odor-
less. D 0.91-0.93 (20C), refr index 1.45-1.46 
(25C). Insoluble in water, ethanol, and acetone; sol-
uble in most other organic solvents; stable toward 
dilute and concentrated alkalies and dilute acids. 
Compatible with a limited number of commercial 
resins, including rosin derivatives and some phe-
nolics. Combustible. 

Derivation: Polymerization of vinyl isobutyl ether 
by peroxides or acid catalysts. 

Grade: As 100% material in three molecular weight 
ranges. 

Use: Adhesives, waxes, tackifiers, plasticizers, sur-
face coatings, laminating agents, cable filling com-
positions, lubricating oils. 

polyvinyl methyl ether. (PVM). 
(—C1-1,CHOCI-1,—)„. A nonionic polymer of high 
molecular weight. 

Properties: Colorless (when pure), tacky liquid. D 
1.05, refr index 1.47, solidifies near 0C. Soluble in 
water at 32C, above which it precipitates from wa-
ter but redissolves on cooling; soluble in most or-
ganic solvents except aliphatic hydrocarbons. Com-
patible with rubber latexes, rosin derivatives, and 
some phenolics. Combustible. 

Derivation: Polymerization of vinyl methyl ether 
with peroxides or acid catalysts. 

Use: Pressure-sensitive and hot-melt adhesives, 
bonding of paper to polyethylene, laminating ad-
hesive, tackifier and plasticizer for coatings, heat 
sensitizer for rubber latex, pigment binder in textile 
finishing and printing inks, protective colloid in 
emulsions. 

polyvinyl methyl ether-maleic anhydride. 
(PVM/MA). [—CH,CHOCH3CHCOOCOCH—]„. 
Water-soluble copolymer of vinyl methyl ether and 
maleic anhydride. 

Use: Protective colloid, dispersing agent, thickener, 
binder, adhesive and size in coatings, detergents, 
emulsions, paper, textiles, leather, latex, rust pre-
ventive, foam stabilizer. 

poly-2-vinylpyridine. 
(—CH(C51-1,1\1)—CH,—)„. A vinyl-type polymer 
suggested for use as a photographic dye mordant, 
tablet coating material, antistatic for textiles and pa-
per, and textile dye receptor. 

polyvinylpyrrolidone. (PVP). 
CAS: 9003-39-8. (C61-19NO)„. 

Properties: White, free-flowing, amorphous powder 
or aqueous solution. D 1.23-1.29, bulk d 151b/ft3, 
hygroscopic. Soluble in water and organic solvents; 
compatible with wide range of hydrophilic and hy-
drophobic resins. 

Grade: Various molecular weight: 10,000, 40,000, 
160,000, 360,000. 

Use: Pharmaceuticals; blood plasma expander; cast 
films adherent to glass, metals, and plastics; corn-
plexing agent; detoxification of chemicals such as 
dyes, iodine, phenol, and poisonous drugs. Tablet-
ing, photographic emulsions, cosmetics (hair 
sprays, shampoos, hand creams, skin lotions), den-
tifrices, dye-stripping, textile finishes, protective 
colloid, detergents, adhesives, beer and wine clari-
fication. 

polyvinyl resin. (vinyl plastic). Any of a series of 
polymers (resins) derived by polymerization or co-
polymerization of vinyl monomers (CH2=CH—) 
including vinyl chloride and acetate, vinylidene 
chloride, methyl acrylate and methacrylate, acry-
lonitrile, styrene, the vinyl ethers, and numerous 
others. Specifically, polyvinyl chloride, acetate, al-
cohol, etc. and copolymers or closely related ma-
terials. 

See vinyl; polyvinyl. 

"POLYWAX" [Petrolite]. TM for polyethyl-
ene. 

Pomeranz-Fritsch reaction. Formation of iso-
quinolines by the acid-catalyzed cyclization of 
benzalaminoacetals prepared from aromatic alde-
hydes and aminoacetal. 
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