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QUATERNARY AMMONIUM COMPOUNDS

There are a vast number of quaternary ammonium compounds or quaternaries (1). Many are naturally occur-
ring and have been found to be crucial in biochemical reactions necessary for sustaining life. A wide range
of quaternaries are also produced synthetically and are commercially available. Over 204,000 metric tons of
quaternary ammonium compounds are produced annually in the United States (2). These have many diverse
applications. Most are eventually formulated and make their way to the marketplace to be sold in consumer
products. Applications range from cosmetics (qv) to hair preparations (qv) to clothes softeners, sanitizers for
eating utensils, and asphalt emulsions.

Most quaternary ammonium compounds have the general formula R4N+X− and are a type of cationic
organic nitrogen compound. The nitrogen atom, covalently bonded to four organic groups, bears a positive
charge that is balanced by a negative counterion. Heterocyclics, in which the nitrogen is bonded to two car-
bon atoms by single bonds and to one carbon by a double bond, are also considered quaternary ammonium
compounds. The R group may either be equivalent or correspond to two to four distinctly different moieties.
These groups may be any type of hydrocarbon: saturated, unsaturated, aromatic, aliphatic, branched chain, or
normal chain. They may also contain additional functionality and heteroatoms. Examples include methylpyri-
dinium iodide [930-73-4] (1); benzyldimethyloctadecylammonium chloride [122-19-0] (2); and di(hydrogenated
tallow)alkyldimethylammonium chloride [61789-80-8] (3), where R = C14 − C18.
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2 QUATERNARY AMMONIUM COMPOUNDS

1. Nomenclature

Quaternary ammonium compounds are usually named as the substituted ammonium salt. The anion is listed
last (3). Substituent names can be either common (stearyl) or IUPAC (octadecyl). If the long chain in the
compound is from a natural mixture, the chain is named after that mixture, eg, tallowalkyl. Prefixes such
as di- and tri- are used if an alkyl group is repeated. Complex compounds usually have the substituents
listed in alphabetical order. Some common quaternary ammonium compounds and their applications in patent
literature are listed in Table 1.

Table 1. Selected Quaternary Ammonium Compounds and Their Ap-
plications

Compound
CAS Registry

Number Application and function Comments Reference

Agricultural chemicals
cetyltrimethylammonium chloride [112-02-7] phase-transfer catalyst used in production of furfuryl

alcohol
4

dodecyltrimethylammonium bromide [1119-94-4] phase-transfer catalyst used in production of furfuryl
alcohol

4

dicocoalkyldimethylammonium
chloride

[61789-77-3] surfactant, flocculating agent for herbicidal compositions (5–8)

soyaalkyltrimethylammonium
chloride

[61790-41-8] surfactant, flocculating agent for herbicidal compositions (5–8)

2-chloroethyltrimethylammonium
chloride

[999-81-5] surfactant used in formulations for plant
growth regulation

(9–11)

trimethyloctadecylammonium
chloride

[112-03-8] surfactant used in formulations for plant
growth regulation

(9–11)

dimethyldioctadecylammonium
chloride

[107-64-2] surfactant, flocculating agent for sugar liquor purification 12

dihexadecyldimethylammonium
chlorides

surfactant, flocculating agents for sugar liquor purification 12

short-chain alkyl quaternaries fungicides, mold inhibitors for protection of seeds and
agricultural products

(13, 14)

imidazoline-type quaternaries fungicides, mold inhibitors for protection of seeds and
agricultural products

(13, 14)

Chemical industry
benzylcetyldimethylammoniumchloride[122-18-9] defoaming agent used in the precipitation of NaCO3

precursor crystals such as
NaHCO3

15

trimethyloctadecylammonium
chloride

[112-03-8] surfactant for decolorization and purification
of halogenated silane

16

C10–C18-ethoxylated quaternaries surfactants for coating polystyrene beads in
the manufacture of lightweight
concrete

17

dibenzyldimethylammonium chloride [100-94-7] directing agent used in the preparation of
cyrstalline silicate catalysts

(18–20)
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Table 1. Continued

Compound
CAS Registry

Number Application and function Comments Reference

DL-3-cyano-2-hydroxy-
propyltrimethylammonium
hydroxide

optically active counterion for production of optically active
L-carnitine (vitamin BT) for
pharmaceuticals

21

many compounds claimeda antistatic for antistatic materials containing
polyethylene glycol and poly-(vinyl
chloride)

22

Coatings and paints
dodecyltrimethylammonium chloride [112-00-5] leveling agent enhances the leveling activity of

fluorochemical coatings
23

ethoxylated quaternaries surfactants stabilizes epoxy–polyamide
coatings and imparts sag
resistance

(24, 25)

dialkyldiethoxylated quaternaries foaming agents for textile coating formulations (26–28)
trialkyl (C8–C10) methyl-ammonium
chlorides

surfactants solubilizes hexavalent chromium
compounds in paints

29

cocoalkylmethyldiethoxylated
quaternaries

cations for the preparation of
organo-modified clays for paint
thickeners

30

Cosmetics
dodecyltrimethylammonium chloride [112-00-5] combing aids, conditioners,

creme rinses, antistatic
for hair conditioning formulations,
creme rinses, and shampoos

(31–39)

quaternary ammonium-substituted
sterol derivatives

surfactants in cosmetic formulations 40

dimethyl and trimethyl alkyl
quaternaries

emulsifiers produces water-in-oil emulsions 41

quaternary ammonium derivatives of
lanolinic acid

surfactants produces high solids, clear
costme-tic formulations

42

Detergents
dicocoalkyldimethylammonium
chloride

[61787-77-3] surfactant for liquid crystal detergent
composition for cold-temperature
cleaning

43

dialkyldiethoxylatedammonium
chlorides

surfactants for formulations removing road
film from transportation vehicles

44

didodecyldimethylammonium
chloride

[3401-74-9] surfactant removes iron sulfate from metal
surfaces and acid cleaning
compositions

(45–47)

octadecyltrimethylammonium
chloride

[112-03-8] surfactant removes iron sulfate from metal
surfaces and acid cleaning
compositions

(45–47)

ditallowalkyldimethylammonium
chloride

[68783-78-8] surfactant for improved perfume deposition
on hard surfaces

48

alkylbenzyldimethyl quaternaries biocides for liquid disinfectant laundry
detergent composition

49

many compounds claimedb processing aids incorporates positively charged
nitrogen atom into spray-dried
nonionic detergents to reduce
autoxidation

50

many compounds claimedc surfactants for hard-surface cleaning
formulations

(51, 52)

Electronics
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Table 1. Continued

Compound
CAS Registry

Number Application and function Comments Reference

dodecyltrimethylammonium chloride [112-00-5] etching solution, leveling agent eliminates nonuniformities in etch
rates as a result of variations in
mass transport conditions

53

hexadecyltrimethylammonium
chloride

[112-02-7] etching solution, leveling agent eliminates nonuniformities in etch
rates as a result of variations in
mass transport conditions

53

octadecyltrimethylammonium
chloride

[112-03-8] etching solution, leveling agent eliminates nonuniformities in etch
rates as a result of variations in
mass transport conditions

53

hydroxyethyltrimethylammonium
hydroxide

[123-41-1] remover solution for manufacture of semiconductor
devices

54

Mining and flotation
hydroxy-propoxylated quaternaries surfactants purifies calcium carbonate ore by

removing silicate impurities
through reverse flotation

(55, 56)

dialkyldimethyl quaternaries surfactants purify calcium carbonate ore by
removing silicate impurities
through reverse flotation

(55, 56)

didodecyldimethylammonium
chloride

[3401-74-9] flocculent recovery of precious metals by
froth flotation

(57–62)

Paper manufacture
di(hydrogenated
tallow)-alkyldimethylammonium
chloride

[61789-80-8] softener gives improved absorbency and
softness to paper towels and
tissues

(63–66)

(3-chloro-2-hydroxypropyl)-
trimethylammonium
chloride

[3327-22-8] surfactant stabilizes pulp bleaching
formulations

(67–69)

cetyltrimethylammonium chloride [112-02-7] flocculent precipitates lignins and lignin
derivatives from pulp mill waste
waters

70

Petroleum
dicocoalkyldimethylammonium
chloride

[61789-77-3] counterion used to prepare thiomolybdates for
antifriction additives in oils and
greases

(71–73)

tallowalkyltrimethyl quaternaries suspending agents stabilize coal-oil slurries (74–78)
imidazoline-type quaternaries suspending agents stabilize coal-oil slurries (74–78)
ethoxylated quaternaries suspending agents stabilize coal-oil slurries (74–78)
dioctadecyldimethylammonium
chloride

[107-64-2] organo-modified clays used in polyolefin-based greases (79, 80)

diethoxylatedtallowmethyl
quaternaries

dispersants stabilizes drilling fluids and
minimizes solids disintegration in
down-hole fluids

81

tetraethoxylated quaternaries corrosion inhibitors,
demulsifiers

crude-oil refining 82

benzyldodecyldimethylammonium
hydroxide

[10328-35-5] surfactant used in catalyst preparation for the
oxidation of mercaptans in sour
petroleum distillates

(83–89)

dibenzyldimethylammonium
sulfocyanate

suspending agent for sludge recovery in storage
vessels

90

alkylbenzyldimethylammonium
chlorides

complexing agents for regeneration of used oils 91
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Table 1. Continued

Compound
CAS Registry

Number Application and function Comments Reference

trimethyloctadecylammonium
hydroxide

[15461-40-2] catalyst for removing elemental sulfur from
refined petroleum products

(92, 93)

many compounds claimedd biocides for drilling fluids, enhanced oil
recovery, and hydraulic fluid
compositions

(94, 97)

Pharmaceuticals and dermopharmacy
quaternary ammonium salicylates microbiocides as bactericidal and keratolytic

agents in the treatment of
dermatoses

(98, 99)

quaternary ammonium retinoates microbiocides as bactericidal and keratolytic
agents in the treatment of
dermatoses

(98, 99)

benzyloctadecyldimethyl-ammonium
chloride

[122-19-0] germicide in contraceptive formulations 100

dodecyldimethyl
(2-phenoxyethyl)-ammonium bromide

[538-71-6] antimicrobial in aqueous ocular solutions for
contact lenses

101

phosphate-type quaternaries cleaners and disinfectants formulated for preoperative skin
scrubs, treatment for poison ivy
and other skin disorders

(102, 103)

imidazoline-type quaternaries cleaners and disinfectants formulated for preoperative skin
scrubs, treatment for poison ivy
and other skin disorders

(102, 103)

Photographic industry
disoyaalkyldimethylammonium
ethosulfate

antistatic agent added to developer rolls to increase
productivity

104

didodecyldimethylammonium
chloride

[3401-74-9] cationic activator in recovery solution for a silver salt
photographic plate in offset
printing

105

alkynyl-substituted heterocyclic
quaternaries

emulsifiers for silver halide photographic
materials

(106–
108)

Polymer industry
dialkyldiethoxylated quaternaries antistatics for producing expandable styrene

polymer particles having antistatic
and antilumping properties

(109–
113)

didodecyldimethylammonium
molybdates

smoke retardants as additives for vinyl chloride
polymer compositions

114

dialkyldimethylammonium chlorides organoclays as thixotropic agents in thermoset
resins containing unsaturated
polyesters

115

Textile manufacture
dodecyltrimethyl quaternaries dye bath additives for dyeing jute backing of

multi-level nylon carpet; dyeing
assistants for polyamide fibers

(116, 117)

imidazoline-type quaternaries dye bath additives for dyeing jute backing of
multi-level nylon carpet; dyeing
assistants for polyamide fibers

(116, 117)

ethoxylated quaternaries antistatics for woven and nonwoven fibers
from natural and synthetic sources

(118–
120)

ditallowalkyldimethylammonium
chloride

[68783-78-8] germicide as disinfecting cleaning intensifier
for dry cleaning

121

dodecyltrimethylammonium chloride [112-00-5] emulsifier as cationic emulsifier for
fluoro-carbon finishes

122
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Table 1. Continued

Compound
CAS Registry

Number Application and function Comments Reference

Other industries
dicocoalkyldimethylammonium
chloride

[61789-77-3] surfactant in automotive
services

a key ingredient in protective
polish formulations

(123–
125)

hexadecyltrimethylammonium
hydroxide

[505-86-2] surfactant in analytical
chemistry

mobile-phase modifier for
chromatographic determination of
ions by reverse-phase liquid
chromatography

126

di(hydrogenated
tallow)alkyldi-methylammonium
chloride (DHTDMAC)

[61789-80-8] household fabric softening,
antistatic agent

for fabric softener compositions at
the industrial and consumer level;
rinse additive and impregnated
substance compo-sition for tumble
dryers

(127–
144)

distearyldimethylammonium
methosulfate

[3843-16-1] positive-charge carrier, charge
control agent in
electro-photographic imaging

as a charge control agent in
electrographic toner and developer
compositions

(145–
150)

didodecyldimethylammonium
chloride

[3401-74-9] house biocide, fungicide,
algicide, and germicide

cleaning and disinfecting
formulations

(151–
159)

cetyltrimethylammonium bromide [57-09-0] biocide for wastewater
treatment

for disinfectant in wastewater
treatment

160

many compounds claimede organoclays for wastewater for removal of aromatic
contaminants, such as benzene
from water and air

161

many compounds claimed f coupling agents for rubber
for incorporation of carbon black
into natural rubber compositions 162

a (3-Dodecylamidopropyl)trimethylammonium methylsulfate [10595-49-0] is an example.
b Trimethyltallowalkylammonium chloride [8030-78-2] is an example.
c Benzyldimethyl-2-hydroxydodecylammonium isononanoate is an example.
d Alkylbenzyldimethylammonium chlorides are an example.
e Tetramethylammonium chloride [75-57-0] is an example.
f Ditallowalkyldimethylammonium chloride [68783-78-8] is an example.

2. Properties

2.1. Physical Properties

Most quaternary compounds are solid materials that have indefinite melting points and decompose on heating.
Physical properties are determined by the chemical structure of the quaternary ammonium compound as well
as any additives such as solvents. The simplest quaternary ammonium compound, tetramethylammonium
chloride [75-57-0], is very soluble in water (163) and insoluble in nonpolar solvents. As the molecular weight
of the quaternary compound increases, solubility in polar solvents decreases and solubility in nonpolar sol-
vents increases (164–166). For example, trimethyloctadecylammonium chloride [112-03-8] is soluble in water
up to 27%, whereas dimethyldioctadecylammonium chloride [107-64-2] has virtually no solubility in water.
Appropriately formulated, however, this latter compound can be dispersed in water at relatively high (∼15%)
levels.

The ability to form aqueous dispersions is a property that gives many quaternary compounds useful
applications. Placement of polar groups, eg, hydroxy or ethyl ether, in the quaternary structure can increase
solubility in polar solvents.
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Higher order aliphatic quaternary compounds, where one of the alkyl groups contains ∼10 carbon atoms,
exhibit surface-active properties (167). These compounds compose a subclass of a more general class of com-
pounds known as cationic surfactants (qv). These have physical properties such as substantivity and aggrega-
tion in polar media (168) that give rise to many practical applications. In some cases the ammonium compounds
are referred to as inverse soaps because the charge on the organic portion of the molecule is cationic rather
than anionic.

2.2. Chemical Properties

Reactions of quaternaries can be categorized into three types (169): Hoffman eliminations, displacements, and
rearrangements. Thermal decomposition of a quaternary ammonium hydroxide to an alkene, tertiary amine,
and water is known as the Hoffman elimination (eq. 1a) (170). This reaction has not been used extensively
to prepare olefins. Some cyclic olefins, however, are best prepared this way (171). Exhaustive methylation,
followed by elimination, is known as the Hoffman degradation and is important in the structural determination
of unknown amines, especially for alkaloids (qv) (172).

Displacement of a tertiary amine from a quaternary (eq. 1b) involves the attack of a nucleophile on the
α-carbon of a quaternary and usually competes with the Hoffman elimination (173). The counterion greatly
influences the course of this reaction. For example, the reaction of propyltrimethylammonium ion with hy-
droxide ion yields 19% methanol and 81% propylene, whereas the reaction with phenoxide ion yields 65%
methoxybenzene and 15% propylene (174).

The Stevens rearrangement (eq. 2) is a base-promoted 1,2-migration of an alkyl group from a quaternary
nitrogen to carbon (175, 176). The Sommelet-Hauser rearrangement (eq. 3) is a base-promoted 1,2-migration
of a benzyl group to the ortho-position of that benzyl group (177, 178).

3. Naturally Occurring Quaternaries

Naturally occurring quaternary ammonium compounds have been reviewed (179). Many types of aliphatic,
heterocyclic, and aromatic derived quaternary ammonium compounds are produced both in plants and
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invertebrates. Examples include thiamine (vitamin B1) (4) (see Vitamins); choline(qv) [62-49-7] (5); and acetyl-
choline (6). These have numerous biochemical functions. Several quaternaries are precursors for active metabo-
lites.

Thiamine (4) functions as a coenzyme in several enzymatic reactions in which an aldehyde group is
transferred from a donor to a receptor molecule. The thiazole ring is the focus of this chemistry. Thiamine also
serves as a coenzyme in the pyruvate dehydrogenase and α-ketoglutarate dehydrogenase reactions. These take
place in the main pathway of oxidation of carbohydrates (qv) in cells.

Choline functions in fat metabolism and transmethylation reactions. Acetylcholine functions as a neuro-
transmitter in certain portions of the nervous system. Acetylcholine is released by a stimulated nerve cell into
the synapse and binds to the receptor site on the next nerve cell, causing propagation of the nerve impulse.

Biochemically, most quaternary ammonium compounds function as receptor-specific mediators. Because of
their hydrophilic nature, small molecule quaternaries cannot penetrate the alkyl region of bilayer membranes
and must activate receptors located at the cell surface. Quaternary ammonium compounds also function
biochemically as messengers, which are generated at the inner surface of a plasma membrane or in a cytoplasm
in response to a signal. They may also be transferred through the membrane by an active transport system.

General types of physiological functions attributed to quaternary ammonium compounds are curare ac-
tion, muscarinic–nicotinic action, and ganglia blocking action. The active substance of curare is a quaternary
that can produce muscular paralysis without affecting the central nervous system or the heart. Muscarinic ac-
tion is the stimulation of smooth-muscle tissue. Nicotinic action is primary transient stimulation and secondary
persistent depression of sympathetic and parasympathetic ganglia.

4. Analytical Test Methods

There are no universally accepted wet analytical methods for the characterization of quaternary ammonium
compounds. The American Oil Chemists’ Society (AOCS) has established, however, a number of applicable
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tests (180). These include sampling, color, moisture, amine value, ash, iodine value, average molecular weight,
pH, and flash point.

Determination of the activity of quaternary samples falls into four categories (181, 182). First is the
partition titration in immiscible solvent systems, usually chloroform and water, using an anionic surfactant
such as sodium lauryl sulfate [151-21-3] and an anionic dye indicator (183). This process, essentially a microti-
tration, is often referred to as the Epton titration (184, 185). The end point requires considerable practice to
detect. Second is the direct titration of the long-chain cation with sodium tetraphenylboron [143-66-8] using an
anionic indicator (186). This is a macro method that is convenient and relatively simple to perform. Third is the
titration of the halide anion (Volhardt type) or perchloric acid titration in acetic anhydride (187). The fourth
category includes colorimetric methods using anionic dyes or indicators and partition solvent systems. These
partition/colorimetric analytical methods, which have found widespread use in environmental analysis, have
long been used for determining small amounts of quaternary ammonium compounds. Although they are not
specific, these methods do indicate the presence of long-chain cationics that have at least one chain composed
of eight or more carbon atoms.

The chain length composition of quaternaries can be determined by gas chromatography (qv) (188). Be-
cause of low volatility, quaternaries cannot be chromatographed directly, but only as their breakdown products.
Quaternary ammonium salts can be analyzed by injecting them directly onto Apiezon grease columns treated
with potassium hydroxide. In most cases, long-chain monoalkyl quaternaries break down to form two sets of
peaks: short-chain alkyl halides and the long-chain tertiary amines. Long-chain dialkyl quaternaries elute on
the basis of total carbon atoms present in the resulting methyldialkyl tertiary amine.

Mass spectral analysis of quaternary ammonium compounds can be achieved by fast-atom bombardment
(fab) ms (189, 190). This technique relies on bombarding a solution of the molecule, usually in glycerol [56-81-5]
or m-nitrobenzyl alcohol [619-25-0], with argon and detecting the parent cation plus a proton (MH+ ). A more
recent technique has been reported (191), in which information on the structure of the quaternary compounds is
obtained indirectly through cluster-ion formation detected via liquid secondary ion mass spectrometry (lsims)
experiments.

Liquid chromatography has been widely applied for analysis of quaternaries. Modified reverse-phase
columns can provide chain length information, whereas normal-phase chromatography results in groupings
of alkyl distributions. Quaternary ammonium compounds can be separated into their mono-, di-, and trialkyl
components on a normal-phase silica or alumina column using a conductivity detector (192). Solvent systems
generally include tetrahydrofuran, methanol, and acetic acid. Because the conductivity detector is only sensitive
to ionic species, solvents and nonionic components of the sample are not seen by the detector. Alternative
columns are amino, modified silica, or cation exchange. Evaporative laser light scattering detectors (elsd) have
also been utilized for the nonvolatile, nonultraviolet-absorbing quaternaries (193).

Nuclear magnetic resonance (nmr) spectroscopy is useful for determining quaternary structure. The 15N-
nmr can distinguish between quaternary ammonium compounds and amines, whether primary, secondary, or
tertiary, as well as provide information about the molecular structure around the nitrogen atom. The 13C-nmr
can distinguish among oleic, tallow, and hydrogenated tallow sources (194).

5. Toxicology and Environmental Fate

Some quaternary ammonium compounds are potent germicides (164, 195, 196), toxic in small (mg/L range)
quantities to a wide range of microorganisms. Bactericidal, algicidal, and fungicidal properties are exhibited.
Ten-minute-contact kills of bacteria are typically produced by quaternaries in concentration ranges of 50–333
mg/L (197). Acute toxicity at low (1 mg/L) levels has been reported in invertebrates, snails, and fish (198, 199).
In plant systems, growth inhibition of green algae and great duckweed occurs at 3–5 mg/L (200). Acute oral
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Table 2. Biodegradation Dataa for Quaternariesb

Chloride compound
CAS Registry

Number
Concentration of

actives, mg/L

Quantity
biodegraded in 48

h, %

trimethyltallowalkylammonium [8030-78-2] 5 95.3
trimethylsoyaalkylammonium [61790-41-8] 5 94.1
cocoalkyltrimethylammonium [61789-18-2] 5 82.0
di(hydrogenated tallow)alkyl-dimethylammonium [61789-80-8] 7.5 79.0
dodecyltrimethylammonium [112-00-5] 5 98.3
trimethyloctadecylammonium [112-03-8] 5 98.4
hexadecyltrimethylammonium [112-02-7] 5 81.9
dicocoalkyldimethylammonium [61789-77-3] 5 80.3
benzyldi(hydrogenated
tallow)-alkylmethylammonium [61789-73-9] 7.5 79.0

a Ref. 204.
b Aerated, acclimated cultures from raw city sewage.

toxicity data (albino rats) show most structures to have an LD50 in the range of 100–5000 mg/kg (201). Many
quaternaries are considered to be moderately to severely irritating to the skin and eyes.

Most uses of quaternary ammonium compounds can be expected to lead to these compounds’ eventual
release into wastewater treatment systems except for those used in drilling muds. Useful properties of the
quaternaries as germicides can make these compounds potentially toxic to sewer treatment systems. It appears,
however, that quaternary ammonium compounds are rapidly degraded in the environment and strongly sorbed
by a wide variety of materials. Under normal circumstances these compounds are unlikely to pose a significant
risk to microorganisms in wastewater treatment systems (202). Microbial populations acclimate readily to low
levels of quaternary compounds and biodegrade them. Environmental toxicity and stability of these compounds
have been described (202, 203). Biodegradation data for some common quaternaries are given in Table 2.

There are two reasons why the concentration of quaternaries is believed to remain at a low level in
sewage treatment systems. First, quaternaries appear to bind anionic compounds and thus are effectively
removed from wastewater by producing stable, lower toxicity compounds (205). Anionic compounds are present
in sewer systems at significantly higher concentrations than are cations (202). Second, the nature of how most
quaternaries are used ensures that their concentrations in wastewater treatment systems are always relatively
low but steady. Consumer products such as fabric softeners, hair conditioners, and disinfectants contain only a
small amount of quaternary compounds. This material is then diluted with large volumes of water during use.

The threat of accidental misuse of quaternary ammonium compounds coupled with potential harmful
effects to sensitive species of fish and invertebrates has prompted some concern. Industry has responded with
an effort to replace the questionable compounds with those of a more environmentally friendly nature. Newer
classes of quaternaries, eg, esters (206) and betaine esters (207), have been developed. These materials are
more readily biodegraded. The mechanisms of antimicrobial activity and hydrolysis of these compounds have
been studied (207). Applications as surface disinfectants, antimicrobials, and in vitro microbiocidals have also
been reported. Examples of ester-type quaternaries are shown in Figure 1.

6. Synthesis and Manufacture of Quaternaries

A wide variety of methods are available for the preparation of quaternary ammonium compounds (218–220).
Significantly fewer can be used on a commercial scale. A summary of the most commonly used commercial
methods is given herein.
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Fig. 1. Quaternary esteramines: (7) (208); (8) (209, 210); (9) (211, 212); (10) (213); (11) (214); (12) (215); (13) (136); (14)
(216); and (15) (217).

Quaternary ammonium compounds are usually prepared by reaction of a tertiary amine and an alkylating
agent (eq. 4). The most widely used alkylating agents are listed in Table 3. Some of these alkylating reagents
pose significant health concerns and require special handling techniques. Alkylation reactions are usually run
at moderate (60–100◦C) temperatures. When methyl chloride is used, the reactions are often performed under
moderate (415–790 kPa (60–115 psi)) pressures.
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Table 3. Typical Alkylating Agents for Preparation of Quaternaries

Alkylating agent
CAS Registry

Number Chemical formula Quaternary using R3N

methyl chloride [74-87-3] CH3Cl R3N+CH3 Cl−

dimethyl sulfate [77-78-1] (CH3)2SO4 R3N+CH3 CH3SO−
4

diethyl sulfate [64-67-5] (CH3CH2)2SO4 R3N+CH2CH3 CH3CH2SO−
4

benzyl chloride [100-44-7] C6H5CH2Cl R3N+CH2C6H5 Cl−

Equation 4 can be classified as SN2, ie, substitution nucleophilic bimolecular (221). The rate of the reaction
is influenced by several parameters: basicity of the amine, steric effects, reactivity of the alkylating agent, and
solvent polarity. The reaction is often carried out in a polar solvent, eg, isopropanol, which may increase the
rate of reaction and make handling of the product easier.

Primary and secondary amines are usually converted to tertiary amines using formaldehyde and hydrogen
in the presence of a catalyst (eqs. 5 and 6). This process, known as reductive alkylation (222), is attractive
commercially. The desired amines are produced in high yields and without significant by-product formation.
Quaternization by reaction of an appropriate alkylating reagent then follows.

RNH2 + 2 CH2O −−−−−−→H2/catalyst RN(CH3)2 (5)

R2NH + CH2O −−−−−−→H2/catalyst R2NCH3 (6)

Dialkyldimethyl and alkyltrimethyl quaternaries can be prepared directly from secondary and primary
amines as shown in equations 7 and 8, respectively. This process, known as exhaustive alkylation, is usually not
the method of choice on a commercial scale. This technique requires the continuous addition of basic material
over the course of the reaction to prevent the formation of amine salts (223, 224). Furthermore, products such
as inorganic salt and water must be removed from the quaternary. The salt represents a significant disposal
problem.

R2NH + 2 CH3Cl + NaOH −→ R+
2N (CH3)2 Cl− + NaCl + H2O (7)

6.1. Synthesis and Manufacture of Amines

The chemical and business segments of amines (qv) and quaternaries are so closely linked that it is difficult
to consider these separately. The majority of commercially produced amines originate from three amine raw
materials: natural fats and oils, α-olefins, and fatty alcohols. Most large commercial manufacturers of qua-
ternary ammonium compounds are fully back-integrated to at least one of these three sources of amines. The
amines are then used to produce a wide array of commercially available quaternary ammonium compounds.
Some individual quaternary ammonium compounds can be produced by more than one synthetic route.
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Fig. 2. Quaternaries from fatty nitriles where R is a fatty alkyl group.

6.1.1. Nitrile Intermediates

Most quaternary ammonium compounds are produced from fatty nitriles (qv), which are in turn made from a
natural fat or oil-derived fatty acid and ammonia (qv) (Fig. 2) (see Fats and fatty oils) (225). The nitriles are
then reduced to the amines. A variety of reducing agents may be used (226). Catalytic hydrogenation over a
metal catalyst is the method most often used on a commercial scale (227). Formation of secondary and tertiary
amine side-products can be hindered by the addition of acetic anhydride (228) or excess ammonia (229). In
some cases secondary amines are the desired products.

6.1.2. Fats, Oils, or Fatty Acids

The primary products produced directly from fats, oils, or fatty acids without a nitrile intermediate are the
quaternized amidoamines, imidazolines, and ethoxylated derivatives (Fig. 3). Reaction of fatty acids or tallow
with various polyamines produces the intermediate dialkylamidoamine. By controlling reaction conditions,
dehydration can be continued until the imidazoline is produced. Quaternaries are produced from both ami-
doamines and imidazolines by reaction with methyl chloride or dimethyl sulfate. The amidoamines can also
react with ethylene oxide (qv) to produce ethoxylated amidoamines which are then quaternized.

These compounds and their derivatives can be manufactured using relatively simple equipment compared
to that required for the fatty nitrile derivatives. Cyclization of amidoamines to imidazolines requires higher
reaction temperatures and reduced pressures. Prices of imidazolines are therefore high.

6.1.3. Olefins and Fatty Alcohols

Alkylbenzyldimethylammonium (ABDM) quaternaries are usually prepared from α-olefin or fatty alcohol
precursors. Manufacturers that start from the fatty alcohol usually prefer to prepare the intermediate
alkyldimethylamine directly by using dimethylamine and a catalyst rather than from fatty alkyl chloride.
Small volumes of dialkyldimethyl and alkyltrimethyl quaternaries in the C8–C10 range are also manufactured
from these precursors (Fig. 4).

6.2. Quaternized Esteramines

Esterquaternary ammonium compounds or esterquats can be formulated into products that have good shelf
stability (209). Many examples of this type of molecule have been developed (see Fig. 1).

Quaternized esteramines are usually derived from fat or fatty acid that reacts with an alcoholamine to
give an intermediate esteramine. The esteramines are then quaternized. A typical reaction scheme for the
preparation of a diester quaternary is shown in equation 4 (210), where R is a fatty alkyl group. Reaction
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Fig. 3. Quaternaries from amidoamines and imidazolines where R is a fatty alkyl group.

Fig. 4. Quaternaries from α-olefins of fatty alcohols where R is a fatty alkyl group. The product is alkylbenzyldimethyl
quaternary.

occurs at 75–115◦C in the presence of sodium methoxide catalyst. Free fatty acids (230) and glycerides (231)
can be used in place of the fatty acid methylester.

7. Economic Aspects

A summary of the U.S. economic perspective, approximate production volumes, average retail prices, and
leading producers is given in Table 4. Other commercial products include diallyldimethylammonium chloride
[7398-69-8], produced by CPS Chemical Company; di(hydrogenated tallow)alkyldimethylammonium methosul-
fate [61789-81-9], produced by Akzo Nobel and High Point Chemical Corporation; and tetrabutylammonium
bromide [1643-19-2], produced by Zeeland Chemical. The leading producers of phase-transfer quaternaries
are Eastman Kodak Company, Hexcel Corporation, RSA, Chemical Dynamics Corporation, Lindan Chemi-
cals, Henkel Corporation, and Akzo Nobel. From 2,300 to 11,300 metric tons of quaternaries were used as
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phase-transfer catalysts during 1991 (233). The principal producers of perfluorinated quaternaries are Ciba,
3M Specialty Chemicals, and E. I. du Pont de Nemours & Company, Inc.

The leading U.S. manufacturers in terms of volumes of fatty nitrogen derivatives are Akzo Nobel and
Witco. The combined annual production of these two companies accounts for about 80% of the fatty nitrogen
products manufactured in the United States. The remaining production is divided among smaller-volume
producers. Nearly all fatty nitrile plants require considerable technological expertise and capital investment to
operate. The largest-volume product types in the 1990s are di(hydrogenated tallow)alkyldimethylammonium
(DHT) quaternaries, which are sold as the chloride or methyl sulfate salts (234). The principal U.S. producers
of imidazoline quaternaries are Akzo Nobel, Witco, Croda, and Lonza.

The single largest market for quaternary ammonium compounds is as fabric softeners. In 1993 this
market accounted for over 50,000 metric tons of quaternaries in the United States (235). Consumption of these
products is increasing at an annual rate of about 2–3%. The hair care market consumed over 9000 metric
tons of quaternary ammonium compounds in 1992 (236). The annual consumption for organoclays is estimated
at 12,700 metric tons (237). Esterquats have begun to gain market share in Western Europe and growth is
expected to continue.

8. Uses

Uses of quaternary ammonium compounds range from surfactants to germicides and encompass a number of
diverse industries (see Table 1).

8.1. Fabric Softening

The use of quaternary surfactants as fabric softeners and static control agents can be broken down into three
main household product types: rinse cycle softeners; tumble dryer sheets; and detergents containing softeners,
also known as softergents. Rinse cycle softeners are aqueous dispersions of quaternary ammonium compounds
designed to be added to the wash during the last rinse cycle (131, 135, 137, 143). Original products contained
from 3–8% quaternary ammonium compound, typically di(hydrogenated tallow)alkyldimethylammonium chlo-
ride [61789-80-8] (DHTDMAC). During the 1980s and early 1990s, rinse cycle softeners went through sig-
nificant changes as the active concentration of the dispersions was increased to reduce packaging and solid
waste. Refills were introduced that had cationic activity of 16–27%. These products are meant to be added to a
regular-strength softener bottle (typically 64 ounces (0.9 kg)) and diluted. As of 1995, the latest innovation was
the ultra-fabric softener. This product, also formulated to contain from 16–27% cationic activity, is designed
to be used without dilution. The actual dosage to the washer was decreased to approximately one fluid ounce
(29 mL) from the older standard of 3–4 fluid ounces (87–116 mL). Although DHTDMAC is a widely employed
softener, the use of imidazoline and amidoamine quaternaries has increased because these latter are easier to
formulate into high active systems. The combination of DHTDMAC, imidazoline, and amidoamine is used to
maximize softening performance and facilitate handling and formulation.

In 1991, the European fabric softener market took a sharp turn. Producers in Germany, the Netherlands,
and later in Austria and Switzerland voluntarily gave up the use of DHTDMAC (238) because of pressure
from local environmental authorities, who gave an environmentally hazardous classification to DHTDMAC. A
number of esterquats were developed as candidates to become successors to DHTDMAC (see Fig. 1). The ester
group facilitates biodegradation.

Tumble dryer sheets contain a quaternary ammonium compound formulation applied to a nonwoven sheet
typically made of polyester or rayon (130, 132) (see Nonwoven fabrics). These sheets are added with wet clothes
to the tumble dryer. Although these products afford some softening to the clothes, their greatest strength is in
preventing static charge buildup on clothes during the drying cycle and during wear. A nonionic surfactant,
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Table 4. 1993 U.S. Economic Aspects of Quaternariesa

Compound
CAS Registry

Number Production, t Sales, t
Sales,
$ × 103

Average
retail
price,
$/kg Manufacturerb

benzyldimethyloctadecyl-
ammonium
chloride

[122-19-0] 826 698 1,696 2.43 Cr, GC, L, P, RP, W

benzyltrimethylammonium
chloride

[56-93-9] 1,732 1,132 1,971 1.74 HPC, RSA, Sy, W

benzylcocoalkyldimethyl-
ammonium
chloride

[61789-71-7] 467 480 1,350 2.81 A, En, Ex, Gr, HP, J, W

assorted benzyldimethylalkyl-
ammonium
chlorides

8,580 4,348 18,236 4.19 HL, L, P, St, Sy

benzyldimethyltallowalkyl-
ammonium
chloride

[61789-75-1] 138 140 439 3.13 B, En, W

dicocoalkyldimethyl-
ammonium
chloride

[61789-77-3] 2,118 1,985 5,090 2.56 A, Ex, J, W

dodecyltrimethyl-ammonium
chloride

[112-00-5] 239 702 2.93 A, J, L

hexadecyltrimethyl-
ammonium
chloride

[112-02-7] 1,420 1,093 2,949 2.70 A, L, W

di(hydrogenated tallow)alkyl-
dimethylammonium
chloride

[61789-80-8] 24,009 A, En, W

oxygen-containing
quaternaries (excluding
amides)

2,431 1,624 4,524 2.79 Et, Ex, HC, K, L, SC

quaternary ammonium
compounds with amide
linkages

2,702 2,473 4,134 1.67 A, Ex, HPC, HD, I, L

quaternary ammonium
compounds (cyclic) not
containing oxygen

817 536 1,865 3.48 A, L

trimethyloctadecyl-ammonium
chloride

[112-03-8] 27 26 91 3.48 A, Ex, W

trimethyltallowalkyl-
ammonium
chloride [8030-78-2] 1,101 931 2,821 3.03 A, En, J, W

a Ref. 232.
b Manufacturer: A = Akzo Nobel Chemicals Inc. ; B = Boehme Filatex., Inc. ; CPS = CPS Chemical Co., Inc. ;
Cr = Croda, Inc. ; En = Enenco, Inc. ; Et = Ethox Chemicals, Inc. ; Ex = Exxon Chemical Americas ;

GC = Gillette Chemical Co. ; Gr = Gresco, Mfg., Inc. ; HP = Hart Products Corp. ;
HC = Henkel Corp. ; HPC = High Point Chemical Corp. ; HD = Hilton Davis Chemical Corp. ;
HL = Huntington Laboratories, Inc. ; I = Inolex Chemical Co. ; J = Jetco Chemicals, Inc. ; K = Karlshamms ;
L = Lonza, Inc. ; P = PPG Industries, Inc. ; RSA = RSA Corp. ; RP = Rhocirc; ne − Poulenc, Inc. ;
SC = Sandoz Chemicals Corp. ; St = Stepan Co. ; Sy = Sybron Chemicals, Inc. ; W = Witco Corp. ; and
Z = Zeeland Chemical, Inc.
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such as an ethoxylated alcohol or fatty acid, is typically used in combination with the quaternary ammonium
compound. The nonionics are known as release agents (qv) or distribution agents. More efficient transfer of the
quaternary from the substrate to the drying fabric can be obtained.

Detergents containing softeners are also produced (134) (see Detergency). These softergents are made
from complex formulas in order to accomplish both detergency and softening during the wash cycle. These
formulations typically contain quaternary ammonium compounds mixed with other materials such as clays
(qv) for softening, in conjunction with the typical nonionic and anionic cleaning surfactant. The consumer
benefits of quaternaries are fabric softening, antistatic properties, ease of ironing, and reduction in energy
required for drying.

8.2. Hair Care

Quaternary ammonium compounds are the active ingredients in hair conditioners (31–39, 239). Quaternaries
are highly substantive to human hair because the hair fiber has anionic binding sites at normal pH ranges.
The use of quaternaries as hair conditioners can be broken down into creme rinses and shampoo conditioners.

Creme rinses are applied to the hair after washing. Frequently used quaternaries in creme rinses
are dodecyltrimethylammonium chloride [112-00-5], dimethyloctadecyl(pentaethoxy)ammonium chloride, ben-
zyldimethyloctadecylammonium chloride [122-19-0], and dimethyldioctadecylammonium chloride [107-64-2]
(31–34, 36).

Conditioning shampoos are formulations that contain anionic surfactants for cleaning hair and cationic
surfactants for conditioning (39, 236, 239). The quaternary ammonium compounds most often used are either
trihexadecylmethylammonium chloride [71060-72-5], ethoxylated quaternaries, or one of the polymeric qua-
ternaries. The polymeric quaternaries have either a natural or a synthetic backbone and numerous quaternary
side functions. The polymer may offer an advantage by showing a high degree of affinity to the human hair
surface and providing better compatibility with the other ingredients of conditioner shampoos (240).

Regardless of how the conditioner is applied or what the structure of the quaternary is, benefits provided
to conditioned hair include the reduction of combing forces, increased luster, and improved antistatic properties.

8.3. Germicides

The third largest market for quaternaries is sanitation (241). Generally, quaternaries offer several advantages
over other classes of sanitizing chemicals, such as phenols, organohalides, and organomercurials, in that qua-
ternaries are less irritating, low in odor, and have relatively long activity (242). The first use of quaternaries
in the food industry occurred in the dairy industry for the sanitization of processing equipment. Quaternaries
find use as disinfectants and sanitizers in hospitals, building maintenance, and food processing (qv) (151–159);
in secondary oil recovery for drilling fluids (94–97); and in cooling water applications (see Disinfectants and
antiseptics; Petroleum). Quaternaries have also received extensive attention for use as a general medicinal
antiseptics (102) and in the pharmaceutical area as skin disinfectants and surgical antiseptics (103). In addi-
tion, quaternaries have been used in the treatment of eczema and other dermatological disorders as well as in
contraceptive formulations (see Contraceptives) (104) and ocular solutions for contact lenses (qv) (105).

Alkylbenzyldimethyl quaternaries (ABDM) are used as disinfectants (49) and preservatives. The most
effective alkyl chain length for these compounds is between 10 and 18 carbon atoms. Alkyltrimethyl types,
alkyldimethylbenzyl types, and didodecyldimethylammonium chloride [3401-74-9] exhibit excellent germicidal
activity (151–159). Dialkyldimethyl types are effective against anaerobic bacteria such as those found in oil
wells (94–97). One of the most effective and widely used biocides is didecyldimethylammonium chloride [7173-
57-5].
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8.4. Organoclays

Another large market for quaternary ammonium salts is the manufacture of organoclays, ie, organo-modified
clays (237). Clay particles are silicate minerals that have charged surfaces and which attract cations or anions
electrostatically. Organoclays are produced by ion-exchange (qv) reaction between the quaternary ammonium
salt and the surface of the clay particles (79, 80, 115, 161). The quaternary ammonium salt displaces the
adsorbed cations, usually sodium or potassium, producing an organo-modified clay. The new modified clay
exhibits different behavior from that of the initial clay. Most importantly, it is preferentially wet by organic
liquids and not by water.

The main use of these clays is to control, or adjust, viscosity in nonaqueous systems. Organoclays
can be dispersed in nonaqueous fluids to modify the viscosity of the fluid so that the fluid exhibits non-
Newtonian thixotropic behavior. Important segments of this area are drilling fluids, greases (79, 80), lubri-
cants, and oil-based paints. The most used commercial products in this area are dimethyldi(hydrogenated
tallow)alkylammonium chloride [61789-80-8], dimethyl(hydrogenated tallow)alkylbenzylammonium chloride
[61789-72-8], and methyldi(hydrogenated tallow)alkylbenzylammonium chloride [68391-01-5].

8.5. Miscellaneous Uses

8.5.1. Phase-Transfer Catalysts

Many quaternaries have been used as phase-transfer catalysts. A phase-transfer catalyst (PTC) increases
the rate of reaction between reactants in different solvent phases. Usually, water is one phase and a water-
immiscible organic solvent is the other. An extensive amount has been published on the subject of phase-
transfer catalysts (233). Both the industrial applications in commercial manufacturing processes (243) and
their synthesis (244) have been reviewed. Common quaternaries employed as phase-transfer agents include
benzyltriethylammonium chloride [56-37-1], tetrabutylammonium bromide [1643-19-2], tributylmethylammo-
nium chloride [56375-79-2], and hexadecylpyridinium chloride [123-03-5].

8.5.2. Polyamine-Based Quaternaries

Another important class of quaternaries are the polyamine-based or polyquats. Generally, polyamine-based
quaternaries have been used in the same applications as their monomeric counterparts (245). Discussions,
including the use of polymeric quaternaries in laundry formulations (246) and in the petroleum industry as
damage control agents (247), have been published.

8.5.3. Perfluorinated Quaternaries

Perfluorinated quaternaries are another important, but smaller, class of quaternary ammonium compounds.
In general, these are similar to their hydrocarbon counterparts but have at least one of the hydrocarbon chains
replaced with a perfluoroalkyl group. These compounds are generally much more expensive than hydrocarbon-
based quaternaries, so they must offer a significant performance advantage if they are to be used. Production
volumes of perfluorinated quaternary ammonium compounds are significantly smaller than those of other
classes. Many of these quaternaries have proprietary chemical structures. They are used in water-based
coating applications to promote leveling, spreading, wetting, and flow control.
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