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1 Nonproprietary Names

BP: Phenol

JP: Phenol
PhEur: Phenolum
USP: Phenol

2 Synonyms

Carbolic acid; hydroxybenzene; oxybenzene; phenic acid;
phenyl hydrate; phenyl hydroxide; phenylic acid; phenylic
alcohol.

3 Chemical Name and CAS Registry Number
Phenol [108-95-2]

4 Empirical Formula Molecular Weight
CsHeO 94.11
5 Structural Formula

OH

6 Functional Category

Antimicrobial preservative; disinfectant.

7 Applications in Pharmaceutical Formulation
or Technology

Phenol is used mainly as an antimicrobial preservative in
parenteral pharmaceutical products. It has also been used in
topical pharmaceutical formulations and cosmetics; see
Table 1.

Phenol is widely used as an antiseptic, disinfectant, and
therapeutic agent, although it should not be used to preserve
preparations that are to be freeze-dried..")

Table I:  Uses of phenol.

Use Concentration (%)
Disinfectant 5.0

Injections (preservative) 0.5

Local anesthetic 0.5-1.0
Mouthwash <14
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8 Description

Phenol occurs as colorless to light pink, caustic, deliquescent
needle-shaped crystals or crystalline masses with a character-
istic odor. When heated gently phenol melts to form a highly
refractive liquid. The USP 25 permits the addition of a suitable
stabilizer; the name and amount of substance used for this
purpose must be clearly stated on the label.

9 Pharmacopeial Specifications

See Table II.

Toble l:  Pharmacopeial specifications for phenol.

Test JP 2001 PhEur 2002  USP 25
Identfification + + +

Clarity of solution + + +
Acidity + + -
Congealing temperature ~ — >39.5°C >39°C
Water - — <0.5%
Nonvolatile residue <0.05% <0.05% <0.05%
Organic volatile impurities — - +

Assay >98.0% 99.0-100.5% 99.0-100.5%

10 Typical Properties

Acidity/alkalinity: pH = 6.0 (saturated aqueous solution)

Antimicrobial activity: phenol exhibits antimicrobial activity
against a wide range of microorganisms such as Gram-
negative and Gram-positive bacteria, mycobacteria and
some fungi, and viruses; it is only very slowly effective
against spores. Aqueous solutions of 1% w/v concentra-
tion are bacteriostatic, while stronger solutions are bacter-
icidal. Phenol shows most activity in acidic solutions;
increasing temperature also increases the antimicrobial
activity. Phenol is inactivated by the presence of organic
matter.

Autoignition temperature: 715°C

Boiling point: 181.8°C

Density: 1.071 g/cm?

Dissociation constant: pK, = 10 at 25°C

Flash point: 79°C (closed cup)

Explosive limits: 2% lower limit; 9% upper limit.

Freezing point: 40.9°C

Melting point: 43°C

Osmolarity: a 2.8% w/v solution is iso-osmotic with serum.

Refractive index: 7! = 1.5425

Solubility: see Table III.

Vapor density (relative): 3.24 (air = 1)

Vapor pressure: 133 Pa (1 mmHg) at 40°C

11 Stability and Storage Conditions

When exposed to air and light, phenol turns a red or brown
color, the color being influenced by the presence of metallic
impurities. Oxidizing agents also hasten the color change.



Aqueous solutions of phenol are stable. Oily solutions for
injection may be sterilized in hermetically sealed containers
by dry heat. The bulk material should be stored in a well-closed
container at a temperature not exceeding 15°C.

Table lll:  Solubility of phenol.

Solvent Solubility at 20°C
Carbon disulfide Very soluble
Chloroform Very soluble
Ethanol {95%) Very soluble
Ether Very soluble
Fixed oils Very soluble
Glycerin Very soluble
Mineral oil 1in70
Volatile oils Very soluble
Water 1in15

12 Incompatibilities

Phenol undergoes a number of chemical reactions character-
istic of alcohols; however, it possesses a tautomeric enol
structure that is weakly acidic. It will form salts with sodium
hydroxide or potassium hydroxide, but not with their carbo-
nates or bicarbonates.

Phenol is a reducing agent and is capable of reacting with
ferric salts in neutral to acidic solutions to form a greenish-
colored complex. Phenol decolorizes dilute iodine solutions,
forming hydrogen iodide and iodophenol; stronger solutions of
iodine react with phenol to form the insoluble 2,4,6-triiodo-
phenol.

Phenol is incompatible with albumin and gelatin as they are
precipitated. It forms a liquid or soft mass when triturated with
compounds such as camphor, menthol, thymol, acetamino-
phen, phenacetin, chloral hydrate, phenazone, ethyl amino-
benzoate, methenamine, phenyl salicylate, resorcinol, terpin
hydrate, sodium phosphate, or other eutectic formers. Phenol
also softens cocoa butter in suppository mixtures.

13 Method of Manufacture

Historically, phenol was produced by the distillation of coal
tar. Today, phenol is prepared by one of several synthetic
methods, such as the fusion of sodium benzenesulfonate with
sodium hydroxide followed by acidification; the hydrolysis of
chlorobenzene by dilute sodium hydroxide at high temperature
and pressure to give sodium phenate, which on acidification
liberates phenol (Dow process); or the catalytic vapor-phase
reaction of steam and chlorobenzene at 500°C (Raschig
process).

14 Safety

Phenol is highly corrosive and toxic, the main effects being on
the central nervous system. The lethal human oral dose is
estimated to be 1g for an adult.

Phenol is absorbed from the gastrointestinal tract, skin, and
mucous membranes and is metabolized to phenylglucuronide
and phenyl sulfate, which are excreted in the urine.

Although there are a number of reports describing the toxic
effects of Phenol, these largely concern instances of accidental
pmsonm% or adverse reactions during its use as a therapeu-
tic agent.*) Adverse reactions associated with phenol used as
a preservative are less likely owing to the smaller quantities
that are used; however, it has been suggested that the body
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burden of phenol should not exceed 50mg in a 10-hour
perlod ) This amount could be exceeded following adminis-
tration of large volumes of phenol-preserved medicines.

LDso (mouse, IV): 0.11 g/kg!”
LDsg (mouse, oral): 0.3 g/kg
LDsq (rabbit, skin): 0.85 g/kg
LDysj (rat, skin): 0.67 g/kg
LDs (rat, oral): 0.32 g/kg
LDy (rat, SC): 0.46 g/kg

15 Handling Precautions

Phenol is toxic on contact with the skin or if swallowed or
inhaled. Phenol is strongly corrosive, producing possibly
irreversible damage to the cornea and severe skin burns,
although the skin burns are painless owing to the anesthetic
effects of phenol.

Phenol should be handled with caution, particularly when
hot, owing to the release of corrosive and toxic fumes. The use
of fume cupboards, enclosed plants, or other environmental
containment is recommended. Protective polyvinyl chloride or
rubber clothing is recommended, together with gloves, eye
protection, and respirators. Spillages on the skin or eyes
should be washed with copious amounts of water. Affected
areas of the skin should be washed with water followed by
application of a vegetable oil. Medical attention should be
sought.

Phenol poses a slight fire hazard when cold and a moderate
hazard when hot and exposed to heat or flame.

In the UK, the occupational ex gg)osure limits for phenol are
2 ppm long-term (8-hour TWA In the US, the permissible
exposure limit is 19 mg/m’ long-term and the recommended
exposure, limits are 20 mg/m® long-term, and a maximum of
60 mg/m’ short-term.

16 Regulatory Status

Included in the FDA Inactive Ingredients Guide (injections).
Included in medicines licensed in the UK.

17 Related Substances
Liquefied phenol.

Liquefied phenol

Appearance: liquefied phenol is phenol maintained as a liquid
by the presence of 10% water. It is a colorless liquid, with a
characteristic aromatic odor, which may develop a red
coloration on exposure to air and light.

Specific gravity: 1.065 at 25°C

Comments: liquefied phenol is often more convenient to use in
a formulation than the crystalline form. However, liquefied
phenol should not be used with fixed or mineral oils,
although the crystalline solid may be used.

18 Comments

Although phenol is soluble in approximately 12 parts of water
at ambient temperatures, larger amounts of phenol in water
produce a two-phase system of phenol solution floating on a
lower layer of wet phenol. At 20°C, 100 parts of phenol may be
liquefied by the addition of 10 parts of water. At 84°C phenol
is miscible with water in all proportions.

The EINECS number for phenol is 203-632-7.
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