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A fast and accurate method is proposed for the determination of bromine in pharmaceutical
formulations. The method is based on the application of X-ray fluorescence spectroscopy to
solid samples and can be used for the assay of total bromine in various chemical media. It has
high reliability provided that the appropriate matrix effect correction is employed, through the
use of the scattered W-line from the X-ray tube as an internal standard.

A number of methods can be used to determine bromine in the various types of
inorganic or organic matrices in pharmaceutical formulations. The classical Volhard
titration, recommended by FU (ref.!), BP (ref.?) and AOAC (ref.?) is gradually
being replaced by more sophisticated procedures such as electrochemical*® and
colorimetric®~° methods, neutron activation analysis'®, HPLC (ref.!!) and X-ray
fluorescence of liquid samples!?. As these methods often require complex pretreat-
ment, a more direct approach would seem preferable.

In a previous paper!'?, we described a procedure for the determination of bromine,
based on the application of X-ray fluorescence (XRF) spectroscopy to solid samples.
The successful application of this method to the assay of traces of organic bromine
in commercial sodium Diclofenac powder led us to extend this procedure to the
determination of bromine in pharmaceutical formulations containing bromine in the
active principle.

EXPERIMENTAL

Apparatus and Materials

A Philips PW 1450 manual X-ray spectrometer was employed, with a W target tube operating
at 50kV and 40 mA, an LiF (220) analyzing crystal and a scintillation counter as detector.
A Retsch laboratory ball mill and Turbula type T2C planetary powder mixer were used. Analy-
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tical grade NaBr and H3;BO; were obtained from C. Erba (Italy). The test pharmaceutical for-
mulations were the commercial substances.

Preparation of Standards

For the construction of calibration curves, synthetic standards were prepared by adding NaBr
powder to boric acid powder in the NaBr range 250— 10 000 ppm (194— 7 750 ppm Br). Separate
portions of H;BO; and NaBr were ground in a mortar and subsequently pulverized in an agate
ball mill. Finally, an exactly weighed amount of NaBr was added to a weighed amount of H;BO;
and accurately mixed according to the method of geometric dilutions. The mixing process was
completed in the planetary powder mixer and the homogeneity of the powder mixture was
checked microscopically. The same procedure was employed using Diclofenac instead of H;BO;
to evaluate sample matrix effects.

Procedure

Pellets of standards, 254 mm in diameter, were obtained by pressing 0:500 g of the standards
at 9tcm™ 2 pressure on an H3;BO, support'4. These pellets were measured in an XRF spectro=
meter and the intensities of the lines emitted at the angles characteristic for the X, bromine line
and the scattered WL, line of the X-ray tube as internal standard were measured. At least two
pellets were prepared for each standard and each was analyzed twice, yielding an average of
three readings (reading time 10 s).

RESULTS AND DISCUSSION

The XRF spectrum of bromine in the H;BO; matrix is depicted in Fig. la; two
radiation maxima typical for Br, corresponding to 20 = 42-88° (K,) and 20 = 38-25°
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XRF spectrum of bromine (775 ppm) and the WL, scattered line in H;BO; matrix (a) and
Diclofenac (b)
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(Kp) are clearly visible. The K, radiation was selected for the determination of

bromine because of its better sensitivity.

TABLE L
Results of Br assay of pharmaceuticals

Br Content

Commercial Active — .f’/u Br
substance principle given found found/given
ppm ppm
A Brotizolam 334 335 100-29
B Clidinium bromide 2030 2 050 100-98
C Bromocriptine 2 180 2210 101-37
D Bromperidol 7 390 7 340 99-32
T T
/h%[(q'
cps
12 000 } 8000 .
7 T T T
// 15 L
/
// Taew, rwi
8000 i - '
4 10 1
4000 //
7/
4000 e .
s/ 5 A
2000, ,
//
/, 71000
7 500
L 1 I 1 L
0 4 900 8 000 0 2000 4000 oo 8000
Diclofe:na:'Cps o
FiG. 2 FiG. 3

Plot of the bromine K, net intensities of
standards in H3BOj; (/y,po,) against stan-
dards in Diclofenac (Ip;ciofenac): €XPeri-
mental (full line) and theoretical (dashed

line). ® ppm NaBr

Example of the calibration curve (NaBr
content, my,g,, VS intensity ratios of Brk,
and WL, lines, Ik, wry,) Obtained using
both standard series: @ H3;BO;, A Diclo-
fenac
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Figure 1b depicts the XRF spectrum for an NaBr sample in Diclofenac. The
matrix effect is clearly visible from comparison of spectra a and b. Both the back-
ground and the peak height of the scattered WL, line are greater in the H;BO,
matrix than in Diclofenac. These results are consistent with the lower density of
H,;BO; compared with Diclofenac.

Figure 2 gives the dependence of the net BrK, intensity of the NaBr standards
in Diclofenac matrix on the values in H;BOs, indicating higher values in H;BO;
than in Diclofenac at the same NaBr level.

Several method have been suggested!® for overcoming the “matrix effect” (dilu-
tion, mathematical correction, internal or external standards). The spectra in Fig. 1
suggest that either the background value or the scattered WL, line of the X-ray
tube can be used as a standard. The latter was selected because of its higher efficiency
in correcting for matrix effects, reflected in the linearity of the calibration curve
obtained using both standards in Diclofenac and H3;BO; (Fig. 3). The method was
employed for the analysis of various commercial substances. Tablets and coated
tablets containing different active principles and various amounts of Br in a number
of excipients were examined. It can be seen from Table I that the method yields
good recovery from all the substances examined (% Br found compared to declared
amount equalled 99-32—101-37%). The precision of the method was also good,
yielding satisfactory relative standard deviation values (minimum value: 0-5% for
7 750 ppm Br; maximum value: 1-4% for 194 ppm Br).

Thus, the proposed method is suitable for Br assay in pharmaceuticals; its accuracy
and precision are satisfactory and it can be reliably employed for pharmaceutical
quantitative analysis provided than a correction is employed for matrix effects. It is
easily used as no solubilization or pretreatment of the sample is required. The total
bromine in pharmaceutical preparations can be found irrespective of its molecular
form (organic, inorganic, ionized, molecular).
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