
During the development process of solid drugs, the most
desirable crystal form should be appropriately selected based
on the information of physicochemical properties includ-
ing polymorphism, their salt1,2) and co-crystal formation3)

of drug candidates, because physicochemical properties 
can affect efficacy, safety,4—6) stability,7,8) manufacturing
process9,10) and quality control.11) Recently, understanding
the polymorphism has been positioned as an important re-
search, since polymorphs and pseudopolymorphs show dif-
ferent physicochemical properties7,8,12—18) including solubil-
ity.6) Generally, a stable polymorph shows low solubility and
high stability, and metastable polymorphs exhibit higher sol-
ubility and lower stability. From the viewpoint of the manu-
facturing process, information about organic solvates is also
valuable for the selection of a crystallization solvent. Appro-
priate selection of the crystalline form from polymorphs and
pseudopolymorphs should be conducted in order to achieve
the purposes of development; this contributes to the improve-
ment of stability, bioavailability and manufacturability.

Tamoxifen, (Z )-2-[4-(1,2-diphenyl-1-butenyl)phenoxy]-
N,N-dimethylethylamine, is one of the selective estrogen re-
ceptor modulators and tamoxifen citrate is widely used as a
drug for the treatment of breast cancer. Tamoxifen has also
been used as a model pharmaceutical compound for prefor-
mulation studies and several researches have been con-
ducted.2,19—23) As for tamoxifen citrate (Fig. 1), two poly-
morphs, forms A and B, were identified.24) Previously, we
have investigated the photostability of forms A and B, and

discussed the difference in photostability from the viewpoint
of solid-state UV/Vis absorption spectroscopy.25) Even
though tamoxifen citrate is widely used throughout the world,
detailed characterization of its polymorphs and pseudopoly-
morphs has not been reported to the best of our knowledge.

In this study, we prepared two novel pseudopolymorphs,
methanolate and ethanolate, in addition to forms A and B re-
ported previously. Their crystal forms were identified and
characterized by powder and single crystal X-ray diffractom-
etry, differential scanning calorimetry (DSC), thermogravi-
metric analysis (TGA), hot-stage microscopy, scanning elec-
tron microscopy (SEM) and diffuse reflectance infrared
Fourier-transform spectroscopy (DRIFTS), and their physic-
ochemical stability was also evaluated.

Experimental
Preparation of Modifications Tamoxifen citrate was obtained from

EGIS Pharmaceuticals (Budapest, Hungary). All solvents were purchased
from Wako Pure Chemical Industries (Osaka, Japan). Form A was bulk pow-
der purchased from EGIS Pharmaceuticals. A small amount of form A for
SEM observation was obtained by recrystallizing from saturated acetonitrile
solution of the drug by seeding a small amount of bulk powder. Form B was
obtained by recrystallizing from saturated isopropyl alcoholic solution of the
drug with stirring overnight at room temperature. Form B was then filtrated
and dried in vacuo at room temperature. Methanolate and ethanolate were
obtained by recrystallizing from saturated methanolic and ethanolic solu-
tions of the drug with stirring overnight at room temperature, respectively.
Methanolate and ethanolate were then filtrated and dried in a nitrogen atmo-
sphere.

Scanning Electron Microscopy Scanning electron micrographs were
taken on a scanning electron microscope (JSM-5200LV, JEOL, Tokyo,
Japan) at magnifications of 200—1000�. All powder samples were coated
with thin gold film in an ion-sputter coater (JFC-1100, JEOL).

Powder and Single Crystal X-Ray Diffractometries Powder X-ray
diffraction patterns were recorded using a RINT Ultima (Rigaku, Tokyo,
Japan) with CuKa radiation generated at 30 kV and 14 mA at room tempera-
ture. Data were collected within diffraction angles from 2—40° (2q) at a
step size of 0.02° and a scanning speed of 4°/min.

Single crystal X-ray diffraction data were recorded on a SMART APEX II
CCD X-ray diffractometer (Bruker AXS, Madison, WI, U.S.A.) with a Mo
anode source at 90 K. The crystal structures were solved and refined using
SHELXTL software.
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Fig. 1. Chemical Structure of Tamoxifen Citrate



Thermal Analysis DSC was performed using a DSC 6200 system
(Seiko Instruments, Chiba, Japan). A DSC thermogram was obtained in an
aluminum open-pan system using a sample weight of ca. 3 mg and a heating
rate of 5 °C/min under a nitrogen flow. TGA was performed using a
TG/DTA 6200 system (Seiko Instruments). A TGA thermogram was ob-
tained under the same conditions as those for DSC.

Thermal changes of crystal morphology were observed on a hot-stage mi-
croscope (LK-FDCS, Linkam Scientific Instruments, Surrey, U.K.) with a
heating rate of 10 °C/min in a nitrogen flow.

Diffuse Reflectance Infrared Fourier-Transform Spectroscopy The
FT-IR spectra of tamoxifen citrate polymorphs were recorded on a Spectrum
One, Fourier-transform IR spectrometer (Perkin-Elmer, Wellesley, MA,
U.S.A.) with diffuse reflectance after dispersion with KBr at room tempera-
ture. The samples were diluted with KBr to give 5% (w/w) mixture. A total
of 64 scans was collected on each sample with 8 cm�1 resolution. The spec-
tra obtained were transformed to the Kubelka–Munk function unit for stan-
dardization.

Physicochemical Stability The physicochemical stability of forms A
and B, methanolate, and ethanolate was evaluated by storing each ca.
500 mg of the sample at 75 and 97% RH at 40 and 60 °C in desiccators.
Samples were removed after 3, 7, 14, 28 and 56 d and the crystal forms were
evaluated by PXRD, DSC and TGA. Storage conditions were adjusted with
saturated aqueous solutions of NaCl (75% RH) and K2SO4 (97% RH).

Results and Discussion
Crystal Morphology Morphological differences among

crystal forms were observed using scanning electron mi-
croscopy (SEM) (Fig. 2). Form A crystals had a spindly nee-
dle shape, whereas form B crystals had a column shape. The
appearances of methanolate and ethanolate crystals were
similar and they were composed of needle-like agglomerates
and were far smaller than form B crystals.

Powder X-Ray and Single Crystal Diffraction Analyses
Powder X-ray diffraction (PXRD) patterns of crystal forms
are shown in Fig. 3. The characteristic diffraction peaks of
form A were observed at 2.9, 9.4, 11.6 and 13.8° (2q), while
those of form B were observed at 5.6, 12.7, 17.1 and 24.0°
(2q). Thus, significant differences between forms A and B
were observed and PXRD patterns agreed well with the data
reported previously.24) The characteristic X-ray diffraction
peaks of methanolate were observed at 4.9, 9.7, 14.2 and
21.6° (2q), while those of ethanolate were observed at 4.7,
9.5, 13.9 and 21.4° (2q), showing slight shifts to lower dif-
fraction angles. Thus, methanolate and ethanolate showed
quite similar PXRD patterns with 0.2°-shift. The crystal
structures of form B, methanolate and ethanolate were ana-
lyzed by single crystal X-ray diffractometry. The results indi-
cated that form B crystals (size�0.11�0.08�0.03 mm) were
monoclinic (a�15.881(3), b�22.048(5), c�8.4701(18) Å,
b�95.427(3)°), space group P21/c (Z�4, density�
1.268 g/cm3, R1�0.0537), which coincided with the data re-
ported already.24) Methanolate (size�0.14�0.03�0.01 mm)
and ethanolalte (size�0.17�0.03�0.01 mm) were also mon-
oclinic (a�10.612(5), b�16.479(8), c�36.35(2) Å, b�
94.164(12)°) and space group P21/n (Z�4, density�
1.246 g/cm3, R1�0.1008), and monoclinic (a�10.639(2),
b�16.512(3), c�36.707(8) Å, b�93.108(6)°) and space
group P21/n (Z�4, density�1.258 g/cm3, R1�0.0981), re-
spectively. The results of single crystal analysis of
methanolate and ethanolate also clearly indicated that
arrangements of tamoxifen and citric acid molecules in the
crystal were similar and the stoichiometry of tamoxifen cit-
rate : methanol and tamoxifen citrate : ethanol was confirmed
to be a 1 : 1 molecular ratio for any solvate (Fig. 4a). Hydro-
gen bonds between alcohol molecule and terminal carboxylic

function of citric acid molecule were observed and resulted
in differences of intermolecular interaction between adjacent
citrate species compared with form B crystals in which a 9-
membered circle hydrogen bond was formed (Fig. 4b).24)

However, a single crystal of form A, of sufficient size for sin-
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Fig. 2. Scanning Electron Photographs of Tamoxifen Citrate Modifica-
tions

(a) Form A; (b) form B; (c) methanolate; (d) ethanolate.

Fig. 3. PXRD Patterns of Forms A and B, Methanolate and Ethanolate

Fig. 4a. Crystal Structures of Methanolate and Ethanolate

Fig. 4b. Cyclic Pairs of Hydrogen Bonding of Citrate Species in Form B
and Methanolate Crystals



gle crystal X-ray analysis, could not be obtained, even
though crystallization was extensively attempted under vari-
ous conditions.

Thermal Properties DSC curves of forms A and B
showed melting endothermic peaks at 147.5 and 144.8 °C, re-
spectively (Fig. 5). The heat of fusion (DHf) of forms A and
B was 59.7 and 63.7 kJ/mol, respectively, thus indicating that
these forms have quite similar thermal properties. The DSC
curve of methanolate seemed to show an endothermic peak
at 85.7 and 98.1 °C, an exothermic peak at 94.1 °C, then two
endothermic peaks at 144.2 and 146.5 °C, which corre-
sponded with the melting points of forms B and A, respec-
tively. The DSC curve of ethanolate also seemed to show two
endothermic peaks at 84.1 and 94.0 °C, an exothermic peak
at 90.4 °C, then two endothermic peaks at 143.5 and
146.3 °C, which corresponded with the melting points of
forms B and A, respectively. The results of TGA thermo-
grams of methanolate and ethanolate suggested that two-step
desolvation of methanol and ethanol occurred, respectively
(Fig. 6). Microscopic observation on the hot-stage proved
that methanolate and ethanolate crystals melted slowly and
crystallization occurred during the melting process (Figs. 7,
8). Taken together the results of DSC, TGA and hot-stage
microscopy, both methanolate and ethanolate were melted
with two-step desolvation and a mixture of forms A and B
would be crystallized during the melting process. The peak

area ratio of the melting point of forms A to B on the DSC
thermogram for methanolate was lower than that for
ethanolate. Furthermore, the results of TGA thermograms of
methanolate and ethanolate suggested that 4.9% of methanol
and 7.4% of ethanol molecules were included in the crystal
entity, respectively. The results of weight loss of these sol-
vates stoichiometrically well corresponded with those of 
tamoxifen citrate monomethanolate and monoethanolate,
which agreed well with the results of single crystal structure
analysis.

It was previously reported that form A crystals suspended
in ethanol transformed to form B.24) In their study, the exis-
tence of tamoxifen citrate ethanolate was not confirmed even
though form A crystals were suspended in ethanol. Based on
the results of our thermal analysis of ethanolate, form B
crystals in the previous article reported by Goldberg24) would
be observed after desolvation of ethanol from ethanolate and
the subsequent transformation from the mixture of forms A
and B to the stable form B.

Spectroscopic Analysis Tamoxifen citrate forms A and
B, methanolate, and ethanolate were evaluated by diffuse re-
flectance infrared Fourier-transform spectroscopy (DRIFTS).
In the FT-IR spectra, form A showed a sharp band at
1732 cm�1 attributable to the stretching of C�O bond of cit-
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Fig. 5. DSC Thermograms of Forms A and B, Methanolate and
Ethanolate

Fig. 6. TGA Thermograms of Forms A and B, Methanolate and
Ethanolate

Fig. 7. Polarized Micrographs of Methanolate at Various Temperatures

Fig. 8. Polarized Micrographs of Ethanolate at Various Temperatures



ric acid, while form B showed a sharp band at 3405 cm�1 at-
tributable to the stretching of O–H bond and two strong
bands at 1707 and 1740 cm�1 attributable to C�O bond of
citric acid (Fig. 9). Methanolate showed a broad band at
3250 cm�1 attributable to O–H bond, and two strong bands at
1720 and 1695 cm�1 attributable to C�O bond of citric acid.
Ethanolate also showed a broad band at 3243 cm�1 attributa-
ble to O–H bond, and two strong bands at 1718 and
1697 cm�1 attributable to C�O bond of citric acid, thus indi-
cating quite similar spectroscopic properties to methanolate.
Based on the result of single crystal X-ray diffractometry, the
O–H and C�O bonds of citric acid were involved in cyclic
pairs of hydrogen bond interaction between adjacent citrate
species. The differences of wave number in O–H and C�O
bonds of citric acid between form B and solvate crystals
were consistent with the result of crystal structures which
showed different cyclic pairs of hydrogen bonding patterns.

Physicochemical Stability of Polymorphs The physico-
chemical stability of forms A and B, methanolate and
ethanolate was evaluated at 75 and 97% RH at 40 and 60 °C,
and the results are summarized in Table 1. Neither form A
nor B transformed to each other even under these severe stor-
age conditions, indicating that these forms were quite stable.
This is consistent with the results shown in Fig. 5, where no
thermal peak due to polymorphic transformation was ob-
served for any of these forms. Methanolate immediately
transformed to a crystalline mixture of forms A and B, and

subsequently transformed to the stable form B. On the other
hand, ethanolate also immediately transformed to the crys-
talline mixture of forms A and B but no subsequent transfor-
mation to the stable form B completely occurred. Taking ac-
count of the results of both stability and DSC analysis, it
could be said that the amount of stable form B in the crys-
talline mixture after desolvation of methanolate was more
predominant than for ethanolate.

Conclusion
We have provided for the first time a novel insight into 

tamoxifen citrate pseudopolymorphs, methanolate and
ethanolate. Single crystal X-ray analysis and TGA revealed
that the stoichiometry of tamoxifen citrate : methanol and ta-
moxifen citrate : ethanol was 1 : 1 in any case. The crystal
structures of methanolate and ethanolate also revealed that
intermolecular interaction between adjacent citrate species
was different from that of form B crystals.

We have also demonstrated the physicochemical stability
of crystal forms. Form A was quite stable for at least 2
months, whereas methanolate immediately transformed to
the crystalline mixture of forms A and B after desolvation,
and then changed to the stable form B.

Our investigation on the physicochemical properties of ta-
moxifen citrate methanolate and ethanolate would also pro-
vide useful information for the manufacturing process such
as crystallization and drying process, and storage condition
of tamoxifen citrate as active pharmaceutical ingredient.
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