Determination of Calcium in Official

Calcium Phosphates

By JUNG SOOK KIM and MURRAY M. TUCKERMAN

The assay of official calcium phosphates for calcium can be brought into the general
method for calcium determination by titration with EDTA using hydroxynaphthol
blue indicator by dissolving the sample in a strictly limited amount of hydrochloric
acid, passing an aliquot of the solution through a column of anion-exchange resin in
the chloride form, washing out the calcium ion with water, and determining calcium

in the eluate.

The method is comparable in precision with the official method for

calcium in dibasic calcium phosphate, but requires much less time.

N 1965 Butler, Maurina, and Morecombe (1)
showed the utility of hydroxynaphthol blue as
an indicator in the direct titration of calcium with
disodium ethylenediaminetetraacetate (EDTA).
All of the pharmaceutical substances official in
U.S.P. XVII and N.F. XII which are assayed for
calcium are assayed by direct titration with stand-
ard EDTA and this indicator with the exception
of dibasic calcium phosphate U.S.P., which is as-
sayed by the titrimetric determination of oxalate
in a precipitated calcium oxalate with standard
permanganate. This duality in methods arises
from the present impossibility of a direct com-
plexometric titration of calcium in the presence of
large amounts of phosphate.

Calcium has been determined complexometri-
cally in the presence of phosphate by addition of
excess complexing agent and determination of the
excess (2-9) and also after separation of calcium
from phosphate by ion exchange (10-20). From
a review of the literature it appeared that a sim-
ple, rapid, elegant, direct titrimetric determina-
tion of calcium in calcium phosphates was possi-
ble.

EXPERIMENTAL

Reagents—All reagents employed were reagent
grade chemicals. All standard solutions employed
were prepared and standardized according to the
official compendia.

Methods—A—N.F. XI method (21).

B—Proposed Method—Charge a glass column
about 37 cm. long and 2.5 cm. in diameter, fitted
with a stopcock and delivery tip, with about 40
Gm. of Amberlite IRA-400 (Cl1) resin previously
hydrated for about 1 hr. Place about 500 mg. of
dibasic calcium phosphate, previously ignited at
800° to constant weight and accurately weighed, in
a 100-ml. beaker and dissolve it in 2.5 ml. of 1:2
hydrochloric acid by heating. Transfer the solution
to a 100-ml. volumetric flask, dilute to volume, and
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mix well. Pass a 20.00-ml. aliquot of the sample
solution through the ion-exchange column at a flow
rate of about 0.5 ml. per minute, collecting the
effluent in a 500-ml. conical flask. @ Wash the
column with 175 mi. of water, passing the first 25
ml. at a rate of 0.5 to 1 ml. per minute, the next
50 ml. at about 4 ml. per minute, the next 50 ml.
at about 8 ml. per minute, and the last 50 ml. at
free flow, collecting the effluents in the same conical
flask as the sample aliquot. Add 15 ml. of sodium
hydroxide T.S. and about 300 mg. of hydroxy
naphthol blue, A.R. indicator, and mix well. The
pH of the solution should be between 12.5 and 13.0.
Titrate the solution with standard 0.05 M disodium
ethylenediaminetetraacetate to a change of colar
from purple to deep blue.

After passage of three samples the ion-exchange
column is regenerated by passing through it about
200 ml. of 1 M sodium chloride solution at about
5 ml. per minute and washing with 3 to 4 L. of
water until there is little free chloride present as
shown by testing the effluent with silver nitrate.

RESULTS

Five determinations of a single sample by method
A gave an average result of 98.9 &+ 0.19. Five
determinations of the same sample by method B
gave an average result of 99.1 + 0.89%,. The
standard deviations were calculated from the range
of values obtained by the method of Dean and Dixon
(22).

Method B was also applied to tribasic calcium
phosphate N.F. using an ignited sample of about 200
mg. Five determinations gave an average value for
calcium of 37.5 == 0.39%,.

DISCUSSION

This assay is of interest from the philosophical
standpoint of development of standard methods of
assay for specific ions and also from the physical
chemistry of the ion-exchange process. For reasons
of convenience and economy, it was decided to at-
tempt to use the anion-exchange resin in the com-
mercially available chloride form rather than in the
hydroxyl form which is expected to be more efficient.
The resin has less affinity for the dihydrogen phos-
phate anion than for chloride (23).

Since the reactions of ion exchange are stoichio-
metric and reversible, one may write the equilibrium
aM/bR +bN/aX = aNy/aR + bM,/bX, in which
M is the anion attached to the univalent resinate
cation R and N is the anion added with the univalent
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cation X. If these letter symbols are allowed to
stand for concentration, and the subscripts r and
w are used to indicate the resin and the outside so-
lution, respectively, then one can write the classical
law of mass action Ny*M.2/M°*N,) ~ K. I K
is approximately constant for a given exchange, the
numerical value is a measure of preference of the
resin for the ion. Note, however, that K is dimen-
sionless only if @ and b are equal, so that comparison
of ion affinities can be made only for exchanges
of ions of the same type, that is, univalent-univalent,
univalent-bivalent, efc. Despite the limitations of
the theory, there is general knowledge that for
similar ions affinity increases with increasing jonic
charge.

On the basis of the foregoing discussion it is seen
that the concentration of hydrochloric acid is
critical. There must be enough to dissolve the
sample in a reasonable time but not so much chloride
ion present as to prevent complete exchange of
phosphate. Additionally, a low hydrogen-ion con-
centration favors the multivalent anion in the
equilibrinm H,PO,~ &2 H* 4+ HPO, ™2

The importance to be attached to the difference
in standard deviations between methods 4 and B
is difficult to evaluate. The standard deviation for
the assay of dibasic calcium phosphate is expected
to be about 0.4 for either method. A collaborative
study with sufficient replicates is needed to establish
any real difference in the reproducibility of the two
methods. The two methods yield the same result
within the expected standard deviation.

No comparisons can be made in the assay of tri-
busic calcium phosphate as the official method is the
determination of phosphate.

Journal of Pharmaceutical Sciences
CONCLUSIONS

The proposed method is much more rapid than
the official method of assay for dibasic calcium
phosphate, has acceptable reproducibility, and yields
the same result as the official method.
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__Technical Articles_

Pharmaceuticals Stored in Plastic Containers

By HAROLD M. BEAL, ROBERT J. DICENZO, PAUL J. JANNKE, HENRY A. PALMER,
JULES PINSKY*, MORRIS SALAME*, and TULLY J. SPEAKER

N THE DEVELOPMENT of light weight highly mo-
hile combat support hospitals and medical
treatient facilities, the U. S. Army Medical Re-
scarch and Development Command recognizes
the need for the standardization of pharmaceuti-
cal containers in addition to the reduction of their
weight, cube, and breakage. The following ex-
cerpt from the USAMRDC bulletin, “Develop-
ment Requirements,” describes the general char-
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acteristics for nonglass containers which are
sought for drugs, biologicals, and reagents:

“Purpose: The purpose of this requirement is Lo
develop a family of immediate containers for drugs,
biologicals and reagents that will materially reduce
the packaged bulk of such items. These containers
are to be compatible with contents and be suitable
for use in any field environment and under all
tactical conditions. They will be of standard size
and shape, light weight, small cube and chemical-
gus-temperature-breakage resistant.”’

Quite logically, the question arose as to the
stability of drugs packaged in containers other
than glass. Since certain plastics possess, at
least in part, the characteristics sought, a project





