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Introduction

Early high cultures already used willow bark as a rem-
edy for fever and pain [1]; the Roman scholar, Plinius
the Elder, regarded willow bark as a medicine and the
Teutons and Celts produced extracts by cooking willow
bark, the ingredients of which were chemically related to
synthetic acetylsalicylic acid [2]. Although various chem-
ists were able to produce salicin and salicylic acid in the
19% century, it was not until 1897 that Felix Hoffmann
succeeded in synthesizing acetylsalicylic acid without
impurities at BAYER's headquarters in Wuppertal-Elber-
feld, Germany. Kurt Wittauer (figure 2) tested this drug
on patients in the following years until BAYER (figure 1)
finally filed for the corresponding patent in 1921. The
painkiller began its triumphant success around the world
and today, BAYER produces more than 50,000 tons of
acetylsalicylic acid per year [4].
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Aspirin, a New Salicyl Preparation
By Dr. Kurt Witthauer, Senior Physician at the Deaconesses’ House Halle a. S.

Nowadays it takes a certain amount of courage to recommend a new remedy. They are thrown
onto the market almost every day, and you would have to have a great memory if you wanted
to keep all the new names in mind. Many appear, are praised and recommended by individual
authors and especially by the factories, and after a short time, you don't hear of them anymore.

When, almost a year ago, the Farbenfabriken vorm. Friedr. Bayer & Co. in Elberfeld, Germa-
ny, sent me a new salicyl drug for testing, | approached its application with a certain degree of
mistrust.
The new drug, called Aspirin, a compound of acetic and salicylic acid, has the chemical formula

Tl oo ety

and forms white crystal needles with a melting point of [35°C, which dissolve in water at 37°C
to 1%. It is easily soluble in typical organic solvents; with iron chloride, the solution no longer
appears blue in color.

It dissolves easily in diluted alkalis and breaks down there into its two components after
a few minutes, so the conclusion that the substance is only split into its constituents when in
contact with alkaline liquids - i.e., in the intestine - seems justified. Of course, where there is
a lack of hydrochloric acid in the stomach, as would be the case with carcinoma present, the
decomposition will take place already in the gastric juice.

The most important difference between aspirin and ordinary salicylic acid would be that
it does not attack the stomach, passes through it unchanged and only cleaves in the alkaline
intestinal juice.

Prof. Dreser will be giving pharmacological information about the drug elsewhere.

2 Original document by Kurt Wittauer [3] in German (1899), translated
into English by D. Steidl/N. Huss for this Application Note

Drugs containing the active ingredient acetylsalicylic
acid are available in various pharmaceutical forms and
are employed not only because of their analgesic effect
but also due to their anti-inflammatory, antipyretic and
antiplatelet properties.

Pure acetylsalicylic acid is a pure white powder that is
poorly soluble in water, has a melting point of 136°C and
decomposes at higher temperatures. Various methods
of thermal analysis, infrared spectroscopy, and combina-
tions of the two were employed in this work to investi-
gate gaseous decomposition products.
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Methods and Preparation

Acetylsalicylic acid (CAS: 50-78-2) was acquired from
Sigma Aldrich with a purity of > 99%. For the investi-
gation of the original substance, the BRUKER TENSOR
Il was used to measure the samples with attenuated
total reflection (ATR). For determination of the melting

behavior, the NETZSCH DSC 214 Polyma was used. For
thermal characterization of the gases released, a ther-
mobalance was coupled to an infrared spectrometer —
the NETZSCH TG 209 F1 Libra® to the Bruker Equinox
55/S. The measurement conditions for the thermo-
analytical and spectroscopic investigations are summa-
rized in tables 1 to 3.

Tab 1. Measurement conditions for the DSC investigation of acetylsalicylic acid

Acetylsalicylic Acid

Sample mass 2.08 mg
Crucible material Aluminum, pierced
Crucible mass 52.75 mg
Temperature range 25 ..160°C
Heating rate 7 K/min

Atmosphere

Nitrogen (50 ml)

Tab 2. Measurement conditions for the thermogravimetric investigation of an Aspirin® tablet by means of TGA-FT-IR

Aspirin®
Sample mass 9.141 mg
Crucible material Alumina, open
Crucible mass 162.75 mg
Temperature range 25 ...600°C
Heating rate 10 K/min
Atmosphere Nitrogen (40 ml)
Scans 32
Resolution 4cm?
Spectral range 650 -4500 cm"!

Tab 3. Measurement conditions for the spectroscopic investigation of (ATR) of acetylsalicylic acid

Acetylsalicylic Acid

Detector DTGS
Scans 32
Resolution 4cm?’
Spectral range 650 - 4500 cm™’
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Results and Discussion

Investigation of the active ingredient acetylsalicylic
acid with the help of FT-IR spectroscopy yields an infra-
red spectrum at room temperature which is in good
agreement with the library spectrum (Bruker ATR-LIB-
Polymers-1-472-2) (figure 3). The melting range of ace-
tylsalicylic acid is indicated by the manufacturer to be
at 134°C to 136°C. The investigation by means of Dif-
ferential Scanning Calorimetry (DSC) provides a melting

enthalpy of 178 J/g and a temperature for the extrapo-
lated onset of 138.5°C. As can also be clearly seen from
figure 4, the heat-flow signal indicates the beginning of
the melting process of the sample already at significantly
lower temperatures than determined by the standard-
compliant evaluation for the extrapolated onset. In lit-
erature, two polymorphic forms of acetylsalicylic acid are
described: Form | with a melting temperature of 144.9°C
and Form Il with a melting temperature of 135.5°C[5, 6].
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3 FT-IR spectrum of acetylsalicylic acid (red) by means of attenuated total reflectance (ATR) and comparison with
a library spectrum (Bruker ATR-LIB-Polymers-1-472-2) of o-acetoxybenzoic acid (acetylsalicylic acid, blue)
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4 DSCresults for acetylsalicylic acid

3|7  NETZSCH-Geratebau GmbH
WittelsbacherstraBe 42 - 95100 Selb - Germany
Phone: +49 9287/881-0 - Fax: +49 9287/881505
at@netzsch.com - www.netzsch.com

NETZ5CH



NGB - Application Note 135 - EN - 0120 - Technical specifications are subject to change.

APPLICATIONNOTE About the Thermal Behavior of Acetylsalicylic Acid and Aspirin®

Above about 150°C, the thermal degradation of acetyl-  released can be quantified, it is not possible to deter-
salicylic acid begins. Therefore, thermogravimetry (TGA)  mine which gases are responsible for the detected
is better suited for further characterization above the  mass loss without spectroscopic analysis. If one car-

melt

ing point (figure 5). ries out a measurement where the thermobalance is
coupled to an infrared spectrometer, the gas phase

For characterization of the thermal degradation, a piece  can be investigated continuously during the entire
of an aspirin tablet was investigated with the help of = measurement. All infrared spectra are presented in a
the TGA-FT-IR coupling. Although the thermogravimet-  three-dimensional arrangement, temperature-scaled,
ric results between 150°C and 450°C show a two-step  in figure 6. The results of the thermogravimetric mea-
thermal degradation reaction and the amounts of gases  surement can also be seen in the left rear area.
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5 Thermogravimetric results of an Aspirin® tablet
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6 Three-dreidimensional temperature-dependent presentation of all spectra of the measure-
ment on the Aspirin® tablet with the TGA curve (red) in the rear area of the cube
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If individual spectra are extracted from this presenta-
tion at the temperatures with the highest absorption
intensities, the gases released can be identified with
the help of comparison spectra from gas phase librar-
ies. The individual spectrum for the first mass-loss step
at 180°C, which is characteristic, is in very good agree-
ment with the spectrum for acetic acid from the EPA-
NIST gas phase library (figure 7). The red arrows indicate
absorption bands that do not match acetic acid, but
correspond very well with the absorption bands for sal-
icylic acid (EPA-NIST). This leads to the assumption that
the acetylsalicylic acid, as in reaction equation 1, ther-
mally degrades into salicylic acid and acetic acid (Equa-
tion 1). At 180°C, the acetic acid formed is already
gaseous while the salicylic acid, with a melting point
of 159°C, begins to evaporate. This is certainly also the
reason why the first mass-loss step passes directly into
the following step. The combination of decomposition
and evaporation confirms the degradation mechanism
proposed by Rebeiro et al. [7].
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In conjunction with the tablet form of the active ingredi-
ent acetylsalicylic acid, the influence of humidity on the
reaction products of the thermal degradation is empha-
sized along with additives such as starch and magnesium
stearate monohydrate. Gupchup et al., however, point
out that the dry active ingredient acetylsalicylic acid can
itself ensure the presence of water through dimerization
in the sense of condensation [8].

When comparing the two spectra for acetic acid and
salicylic acid, it is noticeable that the absorption bands
in the range between 1760 cm™ and 1820 cm™' can only
be attributed to acetic acid, while the absorption bands
between 1460 cm™ and 1500 cm'1 represent salicylic
acid. If the intensity course of the absorption ranges is
calculated as a function of temperature, “traces” are
obtained for each substance; these are proportional to
the corresponding amounts released as a function of
temperature.
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7 Extracted individual spectrum of an Aspirin® tablet at 180°C (red) and comparison with the spectra from
the gas phase library (EPA-NIST) for acetic acid (black) and salicylic acid (blue)
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A comparison of these temperature-dependent traces
for acetic acid and salicylic acid is shown in figure 8 with
the Gram-Schmidt trace (sum of the intensities that are
not dependent upon wavelength) and the TGA signal. As
with the TGA signal, the Gram-Schmidt trace reveals that
the first mass-loss step passes directly and without pla-
teau into the second mass-loss step. The reason for this
can be found in the traces of the two products, which
show that the release of acetic acid can be detected up

to about 300°C and, in addition, the evaporation of sali-
cylic acid starts already at lower temperatures.

Along with salicylic acid, also the formation of carbon
dioxide can be detected by means of the temperature-
dependent course of the absorption intensities. This is
confirmed by the extracted individual spectrum at 360°C
(figure 9).
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8 TGA results for an Aspirin® tablet (black) with the Gram-Schmidt trace (blue) as well as the trace for
salicylic acid (green dashed), acetic acid (red dashed) and carbon dioxide (black dashed)
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9 Extracted individual spectrum of an Aspirin® tablet at 360°C (red) and comparison with the library

spectrum of salicylic acid (green)
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(Equation 2) HO.

In the range between wave numbers 2424 and 2224, the
absorption bands of CO, are clearly visible. In addition,
there are indications that phenol has formed. The posi-
tions of the most intense absorption bands for phenol
are marked with red arrows. It can therefore be assumed
that — along with the evaporation of salicylic acid — a
decomposition process also takes place; this suggests
the formation of phenol and CO, as shown in equation 2.

Summary

Acetylsalicylic acid was investigated using FT-IR spec-
troscopy at room temperature (ATR), and the FT-IR spec-
tra obtained were used for identification by means of
comparison with a spectra library. The DSC was used for
investigation of the melting behavior. Additionally, the
thermal behavior of Aspirin® was characterized by means
of TGA-FT-IR. The spectra for the gases released during
thermal treatment were compared with a gas phase
library for identification of the products. It was thus pos-
sible to confirm degradation mechanisms known from
literature and it was additionally shown that the com-
mon additives used in the tableting of Aspirin® appear
to have no detectable influence on the formation of gas-
eous decomposition products.
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