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X-ray powder diffraction (XRD) data for six pure fluo-
roquinolone antibiotic drugs, ciprofloxacin, norfloxacin,
enrofloxacin, ofloxacin, pefloxacin and sparfloxacin, have
been obtained using a powder diffractometer. The drugs
were scanned from a Bragg angle (26) of 10° to 70°. The
obtained data were tabulated in terms of the lattice spac-
ing (A) and relative line intensities (I/I;). This new infor-
mation may be useful for the identification of these
drugs.
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Fluoroquinolones are synthetic antibiotics, chemically related to nalidixic acid [1-ethyl-
-1,4-dihydro-7-methyl-1,8-naphthyridin-4-one-3-carboxylic acid], with which they share
the same mode of action. These drugs form a group of antimicrobial agents with differ-
ent chemical structures and spectra of activity. The general molecular structure of fluo-
roquinolone antibacterial agents consists of a 1-substituted-1,4-dihydro-4-oxopyridine-
-3-carboxylic moiety combined with an aromatic or heteroaromatic ring (Fig. 1). Mitscher
et al. (1) reviewed the structure-activity relationship of new fluoroquinolones.

Powder X-ray diffraction (XRD) is widely used in the pharmaceutical industry for
the identification of polymorphs (2). The XRD technique has the advantage over the
other methods of being non-destructive and requiring only minimal sample preparation.
This technique is unique since it combines absolute specificity with a high degree of ac-
curacy. X-ray powder diffractometry is a powerful technique for identification of crystal-
line solid phases by their unique diffraction patterns (3) and characterization of pharma-
ceutical solids for both scientific and regulatory purposes. It is also routinely used for
phase identification and quantitative phase analysis. The X-ray diffraction method has
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Ciprofloxacin
{1-cyclopropyl-6-fluoro
-1,4-dihydro-4-oxo-7-(1- 1-cyclopropyl 1-piperazinyl
piperazinyl)-3-quinoline
carbocylic acid)}

Norfloxain
{1-ethyl-6-fluoro-1,4-
dihydro-4-oxo-7-(1- 1-ethyl 1-piperazinyl
piperazinyl)-3-quinoline
carboxylic acid}

Pefloxacin
{1-ethyl-6-fluoro-1,4-
dihydro-4-oxo-7-(4- l-ethyl
methyl-1-piperazinyl)-3-
quinoline carboxylic
acid}

4-methyl-1-piperazinyl

Enrofloxacin
{1-cyclopropyl-6-fluoro-
1,4-dihydro-4-oxo-7-{4-
ethyl-1-piperazinyl)-3-
quinoline carboxylic
acid}

1-cyclopropyl 4-ethyl-1-piperazinyl

Sparfloxacin
{5-amino-1-cyclopropyl-
6,8-difluoro-1,4-dihydro-
4-0x0-7-(cis-3,5- 5-amino-1-cyclopropyl  3,5-dimethyl-1-piperazinyl
dimethyl-1-piperazinyl)-
3-quinoline carboxylic
acid}

Ofloxacin
{9-fluoro-2,3-dihydro-3-
methyl-10-(4-methyl-1-
piperazinyl)-7-oxo-7H- 1,4-benzoxazine 4-methyl-1-piperazinyl
pyrido[1,2,3-De]-1,4-
benzoxazine-6-carboxylic

acid}

Fig. 1. General molecular structure of fluoroquinolones
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become one of the most useful tools for qualitative characterization of materials in the
pharmaceutical industry.

There have been a number of applications of XRD analysis to organic materials.
Among the many compounds that have been characterized by powder XRD methods
are solid aromatic hydrocarbons (4, 5). Recently, X-ray powder diffraction has been also
found useful in elucidating the structures and in identification of natural products (6),
analgesics (7), amines (8, 9) and antibiotics (10, 11). Also, it has become one of the most
powerful tools in the forensic analysis (12, 13).

The six fluoroquinolone antibiotic drugs, ciprofloxacin, norfloxacin, enrofloxacin,
ofloxacin, pefloxacin and sparfloxacin, are covered by the Martindale Extra Pharmaco-
poeia (14). Ciprofloxacin, norfloxacin, ofloxacin and sparfloxacin and their formulations
are included in USP XXIV (15). Ciprofloxacin and norfloxacin and their formulations are
included in BP (16) and IP (17) as well. Powder XRD method has not been suggested in
the USP, BP and IP for identification of fluoroquinolone antibiotic drugs, but infrared ab-
sorption, thin layer chromatography, high performance liquid chromatography and po-
larographic methods are suggested.

A review of the literature reveals that no considerable attention has been paid to the
powder XRD in identification and determination of fluoroquinolone antibiotics. How-
ever, some literature reports deal with crystal structures of ciprofloxacin, norfloxacin
and pefloxacin (18-20). The highlight of this work was to provide X-ray powder diffrac-
tion data for the six above mentioned fluoroquinolone antibiotic drugs.

EXPERIMENTAL

Samples

Pure samples of ciprofloxacin (C;7H;gFN303), norfloxacin (C15H1gFN303), ofloxacin
(C18H9FN3Oy), enrofloxacin (C19H»;FN303), pefloxacin (C17HgFN3O3) and sparfloxa-
cin (Cy9HpF,N4O3) were provided as gift samples by Dr. Reddy’s Research Foundation,
Hyderabad, India. The drugs were of 99.8% to 98.0% purity.

Apparatus

XRD measurements were obtained using the Philips X'Pert on powder diffraction
system (Philips Analytical, The Netherlands) equipped with a vertical goniometer in the
Bragg-Brentano focusing geometry. The X-ray generator was operated at 40 kV and 50
mA, using the CuKa line at 1.54056 A as the radiation source. Each sample was scanned
from 10° to 70° (20) and in step sizes of 0.020, count time of 2.00 seconds, using an auto-
matic divergence slit assembly and a proportional detector. The samples were scanned
at 25°C. Relative intensities were read from the strip charts and corrected to fixed slit
values.
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Procedure

A powdered specimen is usually packed and prepared in a specimen holder made
of aluminum or glass. In setting up the specimen and apparatus, coplanarity of the spe-
cimen surface with the specimen holder surface and the setting of the specimen holder
at the position of symmetric reflection geometry have to be assured. The powders were
passed through a 100 mesh sieve and were placed into the sample holder by the side
drift technique (21). The holder consisted of a central cavity. In order to prepare a sample
for analysis, a glass slide was clipped up to the top face of the sample holder so as to
form a wall. Each powder was filled into the holder, gently tapped and used for the XRD
analysis.
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Fig. 2. X-ray diffraction patterns for a) ciprofloxacin, b) norfloxacin, c) pefloxacin,
d) enrofloxacin, e) sparfloxacin and f) ofloxacin.
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RESULTS AND DISCUSSION

Table I gives the data obtained for the six fluoroquinolone antibiotic drugs in terms
of the lattice spacing and the relative line intensities. Most of the characteristic lines in
the diffraction patterns were generally prominent and sharp, so measurement of the an-
gles and hence of d-values was accurate. Proper sample preparation helps attain accu-
rate peak positions for qualitative analysis. If the sample surface is irregular or if it is
displaced from the focusing circle, peak locations and intensities will vary. The powder

Table I. X-ray diffraction data in terms of lattice spacing and relative intensities for certain
fluoroquinolone antibiotic drugs

Ciprofloxacin ~ Norfloxacin Enrofloxacin Ofloxacin Pefloxacin Sparfloxacin
A wy A @y A Wy A @y A @y A Wy
780 1873 832 1914 7.00 8.87 8.09 100.00 823 7732 870 29.59
6.47 708 825 1791 6.56 215 735 2138 781 3002 7.00 8435
582 2124 775 2555 610 29.62 671 2479 755 8143 645 4641
5.40 8.42 6.60 4452 594 4954 634 3648 6.85 2427 6.08 21.26
489 13.67 6.07 483 556 2136 607 1685 651 30.08 577 15.39
481 1341 558 819 5.37 228 558 7271 639 2694 502 3318
470 3180 554 816 510 2512 534 1194 628 2631 459 36.67
4.60 100.00 4.94 6.93 497 637 499 2049 616 2542 451 19.65
449 2819 461 13.60 495 6.64 489 3148 574 9700 4.08 100.00
421 6.46  4.42 292 473 895 456 1724 549 1844 399 33.26
3.95 737 429 23.65 461 4187 435 4400 533 1653 398 3021
390 1455 425 3110 454 2143 429 4410 498 2987 380 1490
3.84 2271 413 1950 418 1297 4.04 3394 486 1663 372 16.01
360 2010 4.03 1536 415 1869 3.84 658 474 3382 3.66 19.70
3.56 6.31  3.93 258 413 1685 373 3426 470 3920 351 6218
3.49 352 379 491  4.06 450 363 1931 453 3062 346 59.77
343 1679 372 562 3.93 8.67 358 18.03 445 2637 339 4085
336 75.05 3,53 100.00 3.80 2394 343 3783 434 3338 323 20.02
331 6270 343 3.62  3.69 335 334 6945 424 3007 311 10.67
326 3875 3.30 8.59  3.61 512 324 36.65 420 2127 295 1391
3.23 855 3.10 229 352 5444 317 2636 412 100.00 281 4.69
319 16.68 3.02 892 345 100.00 312 2182 394 3985 276 1131
3.09 750 2.84 679 342 1660 3.02 2461 389 4979 270 7.54

3.05 19.69 3.33 329 294 674 376 2217 263 6.69
3.02 19.80 325 2010 289 584 374 4021 252 1215
2.97 4.75 3.14 539 284 1220 3.60 16.01 235 5.71
2.94 7.21 3.04 6.89 274 8.60 347 4646 230 8.59
2.88 1.45 2.89 3.82 266 645 334 3216 225 2499
2.82  10.00 2.81 1.39 250 910 330 7988 217 1319
273  16.04 2.76 217 243 749 326 1598 208 9.67
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Table 1. continued

Ciprofloxacin ~ Norfloxacin ~ Enrofloxacin Ofloxacin Pefloxacin Sparfloxacin
A Wy A wyn A wyyn A wypn Ay A W/
2.67 6.19 2.69 522 236 786 320 2713 207 11.56
2.60 7.51 2.63 428 228 6.85 313 13.07 199 1246
2.57 5.50 2.60 248 224 731 3.07 1338 1.90 9.58
2.50 6.85 2.52 320 219 8.64 3.03 14.04 1.86 5.90
241 1285 248 402 213 2004 291 1006 1.83 5.48
2.38 7.47 240 1.04 210 1555 288 975 176 4.35
2.35 4.59 232 1283 2.08 891 286 684 1.73 3.72
232 11.04 2.30 6.48  2.01 6.99 281 1283  1.69 2.04
229 11.35 2.26 6.11 1.98 852 272 6.54  1.66 3.03
227 2.74 2.16 693 1.96 798  2.65 6.84 1.64 2.85
223 2.69 207 1133 1.86 941 262 1034 149 0.32
2.17 6.57 1.95 799  1.80 724 255 714 145 0.70
2.16 9.18 1.93 357 174 497 249 6.40
2,13 9.32 1.90 236 171 299 246 491
2.08 10.22 1.86 562 1.67 379 243 4.99
205 13.72 1.84 222  1.63 246 240 8.03
1.98 7.67 1.80 1.71  1.56 1.65 234 1794
1.96 9.80 1.75 591 151 1.06 231 9.26
1.94 1854 1.69 096 1.46 049 229 1593
1.90 441 1.63 0.88 1.38 032 227 1154
1.88 5.26 1.59 0.85 222 1598
1.81 3.60 1.58 091 219 1346
1.78 2.67 1.54 0.37 213 7.40
1.74 2.04 1.48 0.52 2.09  10.50
1.71 3.16 2.06 6.71
1.67 1.59 203 12.79
1.65 0.83 2.01 8.24
1.63 1.92 1.99 8.73
1.61 1.68 1.95 11.22
1.59 1.80 1.94 9.77
1.49 1.27 1.87 5.69
1.35 1.75 1.85 9.54
1.82 3.87
1.76 5.10
1.69 3.76
1.68 222
1.59 1.82
1.53 1.51
1.49 2.19
1.43 1.31
1.41 1.02
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X-ray diffraction patterns for these drugs are given in Fig. 2. All the high intensity lines
(relative intensity) observed in the powder pattern of the fluoroquinolone drugs were
observed in the pure form (Table I). The diffraction patterns of low absorption drugs
measured in para-focusing Bragg-Brentano geometry exhibit severe line broadening.
Identification of a structure from its powdered diffraction pattern is based upon the po-
sition of lines and their relative intensities. Each powder pattern is characterized by the
interplanar d spacing and the relative intensities (I/I;) of the three strongest lines in the
pattern under the Hanawalt system.

Nevertheless, complete diffraction patterns are still characteristic as can be seen
from Table I. Examination of the X-ray data shows that a compound can be easily distin-
guished from other members. Despite the fact that the six fluoroquinolones have almost
the same molecular structure, their powder diffraction patterns are suprising different
(Fig. 2). In general, there are only three or four of the most intense lines that are impor-
tant for the characterization of the compound. Since the goal of the project is phase iden-
tification, our predominant interest is the position of X-ray lines (d-spacing). Therefore,
our discussion is restricted to the d-spacing of the X-ray line. However, the relative in-
tensities of the lines are also probable.

XRD has the potential ability to identify not only the active ingredient, but also the
crystalline excipients in a formulation. The fluoroquinolone antibiotic drugs under in-
vestigation should not only be distinguished one from the other but from the most com-
ponents of the pharmaceutical preparations. The aim of this paper is to produce the ba-
sis for the powder XRD as a promising new official method for identification of fluoro-
quinolone antibiotic drugs. Our current findings provide preliminary data which make
the basis for validation of the new method.

CONCLUSIONS

The powder XRD patterns for all fluoroquinolone antibiotics studied were suffi-
ciently unique to make their identification possible.

The current preliminary studies make the basis for validation of powder XRD as a
new monitoring official method for identification of fluoroquinolone antibiotic drugs.
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SAZETAK

Difrakcija rentgenskim zracenjem nekih fluorokinolskih antibiotika

SUBBIAH THANGADURAI, SUDHIR KUMAR SHUKLA, ASIM KUMAR SRIVASTAVA i YERRAMILLI ANJANEYULU

Difraktometrom za praskaste tvari provedena je difrakcija rentgenskim zracenjem

Sest fluorokinolonskih antibiotika (ciprofloksacin, norfloksacin, enrofloksacin, ofloksacin,
pefloksacin i sparfloksacin). Ispitivani uzorci su pretraZivani pod Braggovim kutom (26)
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od 10° do 70°. Odredeni su razmaci izmedu kristalnih resetki (A) i relativni linijski inten-
ziteti (I/I;). Dobiveni podaci mogli bi biti korisni za indentifikaciju fluorokinolonskih anti-
biotika.

Kljucne rijeci: fluorokinolonski antibiotici, identifikacija, difrakcija rentgenskim zracenjem, prasak
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