
Introduction

The knowledge about active pharmaceutical substance

stability is essential in order to know how long such a

product can be kept in storage and distribution condi-

tions. The long-term tests of the stability are performed

at regular periods in time for samples that have been

stored under different conditions of humidity and tem-

perature [1, 2]. The studies of a drug substance kept

under different conditions give additional information

about its stability and structural changes. The results

obtained by thermoanalytical techniques are required

for the complete characterisation of physicochemical

properties of a drug [3–6].

The aim of this paper is the investigation of

influence of temperature and time on the structural

changes of zolpidem tartrate hydrate.

Zolpidem tartrate (Fig. 1), (2,3-dihydroxy-

butanedioic acid; N,N-dimethyl-2-[4-methyl-8-(4-

methylphenyl)-6,9-diazabicyclo[4.3.0]nona-2,4,7,9-

tetraen-7-yl]-ethanamide) is indicated for the

short-term treatment of insomnia [7, 8].

Experimental

Zolpidem tartrate was produced at the Pharmaceutical

Research Institute in Warsaw. The measurements were

performed for the initial sample of zolpidem tartrate

and following samples: stored at the temperature of

5°C for 2 years, at 25°C in the humidity of 60% for

2 months, at 25°C in 60% for 2 years, at 40°C in 75%

for 1 and 6 months. Samples were characterized by a

very low solvents content (below 0.1%).

Thermal analyses were carried out by means of

the DSC822 with IntraCooler and the TGA/SDTA 851

cells (Mettler Toledo) in the nitrogen atmosphere. Ac-

curately weighed samples (5–7 mg) were packed in the

aluminum pan with the pierced lid. For both experi-

ments, samples were heated from 30 to 260°C, with the

scanning rate of 10°C min
–1

. The two-minute isother-

mal step at 30°C preceded the dynamic temperature re-

gime for DSC measurements. The DSC instrument was

calibrated using indium and zinc as standards, however

for the TG instrument indium and aluminium were

used. TG measurements were blank curve corrected.

XRPD studies were performed by means of the

MiniFlex diffractometer (Rigaku Corporation, Tokyo

Japan) using CuKα1. Samples were pressed on a glass

plate. The instrument was operated in the continuous

scan mode in the range from 3 to 40°.

The IR spectra were recorded on a Perkin-Elmer

FT-IR BX spectrometer. Solid samples were measured

in KBr pellets. A spectral resolution of 4 cm
–1

was used.
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Fig. 1 The chemical structure of zolpidem tartrate [7]
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Results and discussion

TG and DSC characterisation

TG and DSC curves of the initial and stored samples of

zolpidem tartrate are shown in Fig. 2. Thermo-

gravimetric and DSC results of the initial sample and

the sample stored at 5°C for two years were similar

(Figs 2a and b). The thermogravimetric analysis of

these samples revealed that the first endothermic peak

was connected with the presence of water of crystalli-

zation. In the temperature range from 130 to 170°C,

endo- and exothermic peaks can indicate a phase tran-

sition that completely disappeared for samples stored

at 25 and 40°C. Furthermore, TG and DSC curves of

samples stored at higher temperatures, revealed visible

changes in the area of the crystallization water elimina-

tion (Figs 2c–f). TG and DSC curves of the samples

stored at 25°C for two months and two years showed a

two-step process of water elimination. However, fur-

ther temperature increase, up to 40°C, brought about

one-step of water evaporation but in the lower temper-

ature range (Figs 2e and f).

XRPD analysis

XRPD patterns of the initial and stored zolpidem

tartrate samples under different conditions are com-

pared in Fig. 3. There were not any visible changes be-

tween powder diffractograms of the initial sample and

the sample stored at the temperature of 5°C for 2 years

(Figs 3a and b). First distinguishable diffraction peaks

appeared at 10.2 and 14.0° for the sample stored

at 25°C for 2 months (Fig. 3c). Similar changes were

observed for the sample stored at 25°C for 2 years

(Fig. 3d). Additionally, there was lack of the peak

at 16.5° in comparison with the initial sample. The

most representative diffraction peaks at 6.5, 8.9

and 19.8° of samples stored at 5 and 25°C were absent
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Fig. 2 TG and DSC curves of a – the initial sample and samples of zolpidem tartrate hydrate: stored b – at 2 years at 5°C, c – at 2

months at 25°C, d – at 2 years at 25°C, e – at 1 month at 40°C; and DSC curves of the sample of zolpidem tartrate hydrate stored

f – at 6 months at 40°C the initial and stored samples of zolpidem tartrate hydrate

TG curves of Fig. 2

a b c d e

step
–2.8181%

–0.1886 mg

–2.6087%

–0.1656 mg

–1.2309%

–81.7308E-03 mg

–2.1023%

–0.1296

–2.4203%

–0.1617 mg

left limit/°C 29.80 29.76 29.78 29.82 29.67

right limit/°C 139.96 140.02 108.69 113.06 139.95

step
–1.4619%

–97.0650E-03 mg

–0.1669%

–10.2892E-03 mg

left limit/°C 108.69 113.06

right limit/°C 139.93 139.93



in diffractograms of samples stored at 40°C for 1

and 6 months (Figs 3e and f). Characteristic peaks that

appeared and disappeared during the duration of stor-

age process are pointed by full and dotted straight

lines, respectively.

IR studies

The IR spectra of selected zolpidem tartrate samples

are shown in Fig. 4. There were not any visible

changes in IR spectra of the initial sample and the sam-

ple stored at the temperature of 5°C for 2 years. First

small changes appeared for the sample stored at 25°C

for 2 months in the region of O–H stretching vibration

that was involved in the hydrogen bonds region

from ~3600 to ~3150 cm
–1

(Fig. 4b). The most impor-

tant changes occurred for the sample stored at 40°C

also in the region of O–H stretching vibrations in-

volved in the hydrogen bonds region. There was one

broad structured band with maximum ~3353 cm
–1

. Ad-

ditional changes occurred in the region of C=O and

C=N stretching vibrations from ~1760 to ~1580 cm
–1

and in the region from ~930 to ~750 cm
–1

.

Conclusions

The studies clarified that the water molecule has been

incorporated into the zolpidem tartrate crystal lattice.

It has been shown that storage conditions have

substantial influence on the zolpidem tartrate stabil-

ity. First structural changes occurred at the tempera-

ture of 25°C after 2 months of storage but the most

rapid transformation appeared to be at the tempera-

ture of 40°C.

The results demonstrated that DSC technique is

a very useful tool for a quick screening of structural

changes occurring during long-term stability tests.

TG provides solutions of potential problems with

solvates. Thermal analysis results supported by

XRPD and IR measurements ensure reliable interpre-

tation of pharmaceuticals studies.
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Fig. 3 X-ray diffraction patterns of a – the initial zolpidem

tartrate and samples: stored b – at 5°C for 2 years,

c – at 25°C for 2 months, d – at 25°C for 2 years,

e – at 40°C for 1 month and f – at 40°C for 6 months

Fig. 4 IR spectra of zolpidem tartrate samples in KBr pellets:

a – the initial sample, the sample stored b – at 25°C for

2 months and c – at 40°C for 6 months
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