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. Procedure—Place in the dry flask a quantity of the substance,
weighed accurately to the nearest centigram, which is expected
to yield 2 to 4 mL of water. If the substance is of a pasty
character, weigh it in a boat of metal foil of a size that will just
pass through the neck of the flask. If the substance is likely to
cause bumping, add enough dry, washed sand to cover the bottom
of the flask, or a number of capillary melting-point tubes, about
100 mm in length, sealed at the upper end. Place about 200 mL
of toluene in the flask, connect the apparatus, and fill the re-
ceiving tube E with toluene poured through the top of the con-
denser. Heat the flask gently for 15 minutes and, when the tol-
uene begins to boil, distil at the rate of about 2 drops per second
until most of the water has passed over, then increase the rate
of distillation to about 4 drops per second. When the water has
apparently all distilled over, rinse the inside of the condenser tube
with toluene while brushing down the tube with a tube brush
attached to a copper wire and saturated with toluene. Continue
the distillation for 5 minutes, then remove the heat, and allow
the receiving tube to cool to room temperature. If any droplets
of water adhere to the walls of the receiving tube, scrub them
down with a brush consisting of a rubber band wrapped around
a copper wire and wetted with toluene. When the water and
toluene have separated completely, read the volume of water, and
calculate the percentage that was present in the substance.

METHOD III (GRAVIMETRIC)

Procedure for Chemicals—Proceed as directed in the individuat
monograph preparing the chemical as directed under Loss on
Drying (731).

Procedure for Biologics—Proceed as directed in the individual
monograph. ~ : S

Procedure for Vegetable Drugs—Place about 10 g of the drug,
prepared as directed (see Vegetable Drugs—Methods of Analysis
{(561)) and accurately weighed, in a tared evaporating dish. Dry
at 105° for 5 hours, and weigh. Continue the drying and weighing
at I-hour intervals until the difference between two successive
weighings corresponds to not more than 0.25%. -

(941) X-RAY DIFFRACTION

Every crystal form of a compound produces its own charac-
teristic X-ray diffraction pattern. These diffraction patterns can
be derived either from a single crystal or from a powdered spec-
imen (containing numerous crystals) of the material. The spac-
ings between and the relative intensities of the diffracted maxima
can be used for qualitative and quantitative analysis of crystalline
materials. Powder diffraction techniques are most commonly em-
ployed for routine identification and the determination of rejative

purity of crystalline materials. -‘Small amounts of impurity, how- .

ever, are not normally detectable by the X-ray diffraction method,
and for quantitative measurements it is necessary to prepare the
sample carefully to avoid preferred orientation effects.

The powder methods provide an advantage over other means
of analysis in that they are usually nondestructive in nature {spec-
imen preparation is usually limited to grinding to ensure a ran-
domly oriented sample, and deleterious effects of X-rays on solid
pharmaceutical compounds are not commonly encountered). The
principal use of single-crystal diffraction data is for the deter-
mination of molecular weights and analysis of crystal structures
at the atomic level. However, diffraction established for a single
crystal can be used to support a specific powder pattern as being
truly representative of a single phase. ‘

Solids—A solid substance can be classified as being crystalline,
noncrystalline, or a mixture of the two forms. In crystalline ma-
terials, the molecular or atomic species are ordered in a three-
dimensional array, called a lattice, within the solid particles. This
ordering of molecular components is lacking in noncrystalline

material. Noncrystalline solids sometimes are referred to as glasses

or amorphous solids when repetitive order is nonexistent in all
three dimensions. - It is also possible for order to exist in only one
or two dimensions, resulting in mesomorphic phases (liquid crys-
tals). Although crystalline materials are usually considered to
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The relatively random arrangement of molecules in noncrys-
talline substances makes them poor coherent scatterers of X-rays,
resulting in broad, diffuse maxima in diffraction patterns. Their
X-ray patterns are quite distinguishable from crystalline speci-
mens, which give sharply defined diffraction patterns.

Many compounds are capable of crystallizing in more than one
type of crystal lattice. At any particular temperature and pres-
sure, only one crystalline form (polymorph) is thermodynamically
stable. Since the rate of phase transformation of a metastable
polymorph to the stable one can be quite slow, it is not uncommon
to find several polymorphs of crystalline pharmaceutical com-
pounds existing under normal handling conditions.

In addition to exhibiting polymorphism, many compounds form
crystalline solvates in which the solvent molecule is an integral
part of the crystal structure. Just as every polymorph has its own
characteristic X-ray patterns, so does every solvate. Sometimes
the differences in the diffraction patterns of different polymorphs
are relatively minor, and must be very carefully evaluated before
a definjtive conclusion is reached. In some instances, these
polymorphs and/or solvates show varying dissolution rates.
Therefore, on the time scale of pharmaceutical bioavailability,
different total amounts of drug are dissolved, resulting in potential
bioinequivalence of the several forms of the drug.

Fundamental Principles—A collimated beam of monochro-
matic X-rays is diffracted in various directions when it impinges
upon a rotating crystal or randomly oriented powdered crystal.
The crystal acts as a three-dimensional diffraction grating to this
radiation. This phenomenon is described by Bragg’s law, which
states that diffraction (constructive interference) can occur only
when waves that are scattered from different regions of the crys-
tal, in a specific direction, travel distances differing by integral
numbers (n) of the wavelength (\). Under such circumstances,
the waves are in phase. This condition is described by the Bragg
equation:

nA
= dy,
2 sin 0 hkt

in which dj denotes the interplanar spacings and 6 is the angle
of diffraction.

A family of planes in space can be indexed by three whole
numbers, usually referred to as Miller indices. These indices are
the reciprocals, reduced to smallest integers, of the intercepts
that a plane makes along the axes corresponding to three non-
parallel edges of the unit cell (basic crystallographic unit). The
unit cell dimensions are given by the lengths of the spacings along
the three axes, a, b, ¢, and the angles between them, «, 8, and
7. The interplanar spacing for a specific set of parallel planes
hkl is denoted by dyy. Each such family of planes may show
higher orders of diffraction where the d values for the related
families of planes nh, nk, nl are diminished by the factor 1/n (n
being an integer: 2, 3, 4, etc.). Every set of planes throughout
a crystal has a corresponding Bragg diffraction angle associated
with it (for a specific ).

The amplitude of a diffracted X-ray beam from any set of
planes is dependent upon the following atomic properties of the
crystal: (1) position of each atom in the unit cell; (2) the re-
spective atomic scattering factors; and (3) the individual thermal
motions. Other factors that directly influence the intensities of
the diffracted beam are: (1) the intensity and wavelength of the
incident radiation; (2) the volume of crystalline specimen; (3) the
absorption of the X-radiation by the specimen; and (4) the ex-
perimental arrangement utilized to record the intensity data. Thus,
the experimental conditions are especially important for mea-
surement of diffraction intensities.

Only a limited number of Bragg planes are in a position to
diffract when monochromatized X-rays pass through a single
crystal. Techniques of recording the intensities of all of the pos-
sible diffracting hk/ planes involve motion of 'the single crystal
and the recording media. Recording of these data is accom-
plished by photographic techniques (film) or with radiation de-
tectors.

A beam passing through a very large number of small, ran-
domly oriented crystals produces continuous cones of diffracted
rays from each set of lattice planes. Each cone corresponds to
the diffraction from various planes having a similar interplanar
spacing. The intensities of these Bragg reflections are recorded
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