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Abstract

The thermal behaviour of acetanilide (Ac) and two of its analogues, namgiaitaethoxyacetanilide (p-Eto Ac) and tipara-bromoaceta-
nilide (p-Br Ac), which are used as analgesics in the pharmaceutical industry was studied with a simultaneous TG/DSC unit. The examined
analgesics showed two endothermic DSC peaks due to melting and vaporization. By combining the experimental TG data with the corre-
sponding reference vapour pressure data obtained with the Antoine equation thépletsiis/ was derived. From the slope of this equation
the constank-value was determined for Ac. Then, using the sa&value the vapour pressuresmEto Ac andp-Br Ac were determined
in the same temperature range. The vaporization enthalpies for all the studied compounds were obtained from different methods and a very
good agreement was found. Vaporization follows a zero-order kinetics. The activation energy of vaporfzgtjonas calculated from the
dynamic TG experiments, using the Arrhenius equation.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction investigating. In fact, the amount of an active component in
a tablet dosage form may vary due to evaporation during

Acetanilide (Ac) and its investigated derivatives are the tableting process, hence depleting its specific properties

active components of drugs that show analgesic activity. in the solid mixture. In addition, for a given formulation of

Analgesics are contained in numerous non-prescription a drug it is important to determine and quantify the evapo-

preparations which relieve pain arising from organic dis- ration characteristics of each individual componfit In

orders or of psychosomatic origin. Wendlandt and Collins order to determine the thermodynamic quantities (e.g. en-

have used thermal analysis to identify qualitatively differ- thalpy of fusion, etc.) needed to the characterization of the

ent analgesic preparatiofld. Ibuprofen and acetylsalicylic ~ formulation, the knowledge of the vapour pressure data as a

acid, pure and in solid mixture with excipients usually function of temperature might be essential.

present in the tablet formulations of some analgesics, were The Knudsen or the torsion represent the most classical

studied by thermal analysis with a particular view on the methods used to measure the absolute vapour pressure. Con-

thermal decomposition procesq@s4]. versely, a simultaneous TG/DSC unit provides some advan-
However, the atmospheric accumulation of toxic com- tages that can be summarized as follows:

pounds such as pesticides and pharmaceuticals is essential

due to the use of compounds with a low vapour pressure 1. Small amounts of the sample are required.

at room temperaturgs]. Therefore, the way in which these 2. The effective experimental time is relatively short.

substances tend to vaporize is a phenomenon that is worth3. The validation with the actual experimental results, cal-
culated by traditional methods, is quite precise.

* Corresponding author. More pharmaceutical preparations undergo heat treatment
E-mail address: stefano.vecchio@uniromal.it (S. Vecchio). during accelerated stability testing or in their shelf-life,
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0 R 3. Methods
)LN@/ A decomposition reaction is defined as a chemical pro-

H cess in which a compound is degraded into simpler species.
Such reactions include processes in which the crystal lattice
structure is destroyed, such as melting, evaporation, subli-
mation, as well as chemical reactions that result in the for-

mation of a new compounf].

necessitating the accurate thermal characterization of each The rate of mass loss of a sample is related to its vapour

Fig. 1. Structural formulas for Ac (/H), p-Eto Ac (RFOCH,CHjz) and
p-Br Ac (R=Br).

individual componen{6]. pressure by the Langmuir equatifs]:

In the present study, the thermal behaviour of ac- 12
etanilide (Ac) and two of its analogues, namely the d_m:Pa/< M ) (1)
para-ethoxyacetanilide (p-Eto Ac) and tipara-bromoaceta- dr 27RT

nilide (p-Br Ac), has been considered using a simultaneous
TG/DSC apparatus under g Mlowing atmosphere. In or-
der to validate the assumption that active component SUChversaI gas constant, aithe vapour molecular mass and
as Ac (or one of its derivative) exists in a formulation in the the vaporization constant. Langmuir gave the value of unity
same physical form at elevated temperatures as they do alnder vacuum conditiong], though he did not categori-
ambient temperature, their vaporization characteristics Werecally state that it could not change under the influence of a
obtained through the vapour pressure data. The methodpurge gas. Moreover, in practice a valuesdf= 1 is only
proposed in_th_is study determi_nes the_ vapour pressure Val'true for a one-component system while the experimental de-
ues by modifying the ITang.mwr equation for the presence sign utilized in this study would have a multi-component
of the purge gas, which is introduced by the TG_ unlt_. atmosphere: first, there is nitrogen as the purge gas and sec-
The structural formulas of these compounds are given in ond, the compound being investigated is itself vaporizing
Fig. 1. and continuously adding to the partial pressure of the mate-

rial.

Rearrangement of theq. (1) gives:

where dnvdtis the rate of mass loss per unit of the surface
area,P the pressurel the absolute temperaturg,the uni-

2. Experimental

o T\Y? (dm

Ac (CAS: 103-84-4, purity of 97%, lot 25322-118)Eto = [(“) ek (M) (E)} = @)
Ac (CAS: 62-44-2, purity of 97%, lot 25316-111) apeBr
Ac (CAS: 103-88-8, purity of 98%, lot 29183-042) were wherek = («)~1(27R)Y/2 and v = (T/M)¥/Z(dnvVdt). Plot-
supplied by Aldrich and they were used as received without ting P versusy, kand then the’ value would be derived. The
further purification. The TG/DSC measurements were car- coefficient of vaporizatiork is perhaps the most important
ried out on a Stanton-Redcroft 625 simultaneous TG/DSC parameter in the Langmuir equation that is being utilized in
connected to a 386 IBM-compatible personal computer.  such studies. This parameter was considered as a constant,

Instrument calibration was performed by using very pure independent of the material being stud[@d11]. However,
standards (indium, gallium, lead, tin, naphthalene and ben-Eq. (2)is admittedly not perfect, as it is applicable over a
zoic acid samples were used in the present work for their finite range of temperature and pressure and the application
well known temperatures and enthalpies of melting). of this equation should be made for compounds with similar

Rising temperature experiments were carried out on the chemical nature and bonding characterisfit8]. No reli-
sample and the readings were taken at eveé@ fio provide able results can be obtained extrapolating the conditions of
accurate results. For each compound almost three runs werghemical structures that differ widely.
performed in a temperature range from ambient to DO In the present study the coefficient of evaporation has been
Different heating rates of 2.5, 5, 10 and 20 K minwere determined for Ac usingq. (2)where the reference vapour
used during this study and at least three runs were performecpressures were obtained over a given temperature range by

for each heating rate. An open, aluminium crucible with applying a non-linear regression procedure to the Antoine
a cross sectional ared of 2.0 x 107°m?, was used to  equation:

contain the sample and an empty aluminium crucible of

equivalent area was used as the reference. Small sample sizkn P = a — 3)

of 4—-6 mg enough to uniformly cover the base of the crucible ct+T

was weighted and placed in an argon filled dry box to avoid whereP is the vapour pressurd,the absolute temperature

oxidation of the sample. anda = 2.303A,b = 2.303Band ¢ = C are the Antoine
The simultaneous TG/DSC system was flushed with the constants found ifiL2]. The values for Ac ard = 10.3727,

purge gas stream. In this way the gas evolved during the ther-B = 2920.3 andC = —32.92 and they are applicable only

mal decomposition experiment was continuously removed. in the specific temperature range of 401-489 K.
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Combination of Eg. (2) with the Clausius—Clapeyron 4. Results and discussion
equation:
AvanH° () The TG/DSC curves of Ac (ap-Eto Ac (b) andp-Br Ac
_Zvert 7 4 constant 4) (c) at the heating rate of 5K mirt are reported ifFig. 2as
RT an example. The DSC signals show two distinct endotherms
whereAyapH°((T)) is the standard molar enthalpy of vapor- on account of the melting at lower temperatures and vapor-
ization at the mean of the experimental temperature rangeization at higher temperatures. Moreover, it can be seen that

InP =

(T), gives: for each compound the vaporization begins to be detectable
R after the completion of melting.
Inv= _ Bvapf”(T)) + constant (5) The derivative DTG plots are presentedHig. 3. In these
RT plots typical shaped DTG peaks corresponding to vaporiza-
where the two constants B&gs. (4) and (5yiffer only for tion are shown: diffuse initial temperatures and sharp final

the constant k. It is interesting to note that the enthalpy of témperatures. _
vaporization can be alternatively evaluated from the slope of ~AS Fig. 3clearly indicates all the calculations performed
Inv versus 1/Tobtained from thermogravimetric data even N the present study were restricted to the linear portion

when the value ok is unknown. of each vaporization peak where the sample maintains a
The enthalpy of vaporization was also calculated using constant liquid interface.
the Trouton and Hildebrand ru[@3]: The melting and vaporization temperatures for A&to
3 Ac andp-Br Ac determined either as onset and peak tem-
AvapH = Tph(constant- RIn Tp) x 10~ (6) peratures from the endothermic peaks of their DSC curves

are summarized inmable 1. The onset temperatures and

whereTy is the temperature at the normal boiling point and 1,555 055 percentages corresponding to vaporization only as

the constant value is equal to 36.61Jnol~1 [14].
A further method to calculate the enthalpy of vaporization
is obtained by combining the traces recorded by a simulta-

neous TG/DSC equipment, namely, mass losg(mg) and 100 i ~ "
heat flow (dQ/diin Js™1) versusT(t), the former being also T —T! ' I3
in the derivative form (dm/din mgs™1). The ratio between = i : | 5 E
the DSC and DTG signals (dQ/dt)/(dnvdt), represents a set § 50 L-—n R AN 2
of dQ/dminfinitesimal quantities (in J mg}) as a function 8 i i -10 ‘Ea
of temperature that can be considered a simple check of the E 251-—--- 1:———— | :r ———————— 145 2
enthalpy drop related to the mass recorded by a TG experi- ! : :
ment[15]. 0 U -20

Vaporization kinetics is usually not applied on solid for (@) 300 350 400 450 500 550
the negligible mass loss recorded by a thermal balance below 100 I ——— R—— 3
the melting temperature in rising temperature conditions. For _ : i -
this reason the kinetics was examined for all the compounds SR S | - 1.5 ‘E
on the molten. The vaporization paramet@rand Eyap for § i ) 3
a molten compound were determined by the temperature - 50 - :* ————————— 2
dependence of its rate of mass loss dnffdim the first & : T7 %
derivative of a TG curve (DTG). i B ! : "T"" N T

Moreover, vaporization kinetics is based on a constant P I B 19
area of reaction interface and it is possible to predict a (b) 300 350 400 450 500 550
zero-order process with a high degree of certa|t;,17].
For a zero-order rate process, the coefficient of vaporization, 100 : i xS R o
kvap, is calculated by dividing (dnvdt) by the surface of the - i i ] z
molten compound that practically correspond to the area of % (S J: “““ T““ { F-
the bottom of the crucibl¥. This coefficient is linked with g ol i ] — ] S g
the kinetic parameters of vaporizatidrandE,,p by the Ar- 0 * ! ! ! i
rhenius equation: = 54— — — IS— g 3
kvap = Aexp(— E"""”) 7) P L 15

RT (c) 300 350 400 450 500 550
T(K)

Treating by a linear least square thek|g, data versus 1/T,
from the slope of the derived equation the activation energy rig. 2. Simultaneous TG/DSC curves under a stream paNG K mirt
of vaporization was obtaine®® being the gas constant. for Ac (a), p-Eto Ac (b) andp-Br Ac (c).
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Fig. 3. DTG curves under a stream of Mt 5 Kmin! for Ac (a), p-Eto
Ac (b) andp-Br Ac (c).

obtained from TG measurements are also givefable 1.
The enthalpies of fusion given ifiable 2confirm the or-
der based on the onset temperature derived by TG curves
Ac < p-EtoAc < p-BrAc.

Fig. 4is a plot of Inv versus 1/Tthat shows a very good
linear trend. From the slope of the straight lines obtained
treating the data with the least square method the corre-
spondingAygpH values are obtained according Eu. (5).

The AyapH values obtained from DSC curves, frdfs. (5)
and (6)and from advanced chemistry development (ACD)

Table 1

Onset temperatures and mass loss percentage obtained from TG data an

onset peak melting temperatures obtained from DSC dégta=ab K min—t
under a stream of argon

Compounds  From TG From DSC

measurements measurements

Tonset (K) Am (%) Tonset (K) Tpeak (K)
Ac 459.0 100.0 389.3 (436.8) 391.2 (493.2)
p-Eto Ac 490.8 99.0 410.0 (467.1) 411.6 (522.0)
p-Br Ac 492.1 99.1 4435 (474.6) 4445 (523.0)

Vaporization temperatures are also given in brackets.
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Fig. 4. Inv vs. 1/Tplot.

Software Solaris V4.67 (©1994-2003 ACD) are reported in
Table 3. The comparison of all the derived,spH values
shows an excellent agreement among the data derived from
DSC, fromEqg. (5)and those calculated by using the ACD
software, especially for the Ac angtEto Ac. Lower en-
thalpy values are calculated froly. (6) but the difference
with the other ones is poor. Based on thgypH values the
order found is: Ac< p-EtoAc~ p-Br Ac.

In Fig. 5the vapour pressures calculated udittg (5)in
a given temperature range were plotted againstvtial-
ues, according tdq. (2) for Ac. The equation of the lin-
ear regression and the square of the correlation coefficient
are also given irFig. 5. The slope of the obtained straight
line was taken to b& According toEq. (2)this value was
taken to estimate the vapour pressure for the vaporization
processes of the other two analogues. The corresponding
Clausius—Clapeyron plots for these analgesics are shown in
Fig. 6together with their regression equations.

A further method to evaluate the enthalpy of vaporiza-
tion needs to compare DSC and DTG vaporization peaks
after their corrections for the baseline. The comparison of
the two peaks before and after this manipulation is shown
in Fig. 7. From the plot (b) irFig. 7 it is evident that the

Table 2
Enthalpies of melting with estimated errors obtained from DSC curves

Compounds AgusH (kI mor™?)
Ac 18.3+ 0.8
p-Eto Ac 214+ 0.9
g-Br Ac 25.8+ 0.9

Table 3
Enthalpies of vaporization with estimated errors obtained from DSC curves

Compounds  AyapH (kJ moft)

From DSC  From In From Eq. (6) From ACD

vs. UT software
Ac 5344+ 3.0 54.1+24 51.7+20 545+ 3.0
p-Eto Ac 60.1+ 3.0 60.1+ 2.9 56.7+ 2.2 60.0+ 3.0
p-Br Ac 5944+ 3.0 62.0+ 2.8 56.5+ 3.1 59.8+ 3.0
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Fig. 6. Clausius—Clapeyron plot for the vaporization procesg-Bfo Ac

(O) andp-Br Ac (). For the investigated compounds it can be concluded that
Ac derivatives seem to show a higher stability with respect

two signals agrees quite well. Thus, the time constant of ©© AC, the decomposition onset temperature shifts towards

the simultaneous TG/DSC instrument used in the presenthigher values and the decomposition occurs at a slightly

work does not influence the obtained results. From the ra- lower rate. No significant contribution to the stability is due

tio between the areas of the DSC and DTG peaks an mearf© the different substituents in the benzene ring of the Ac

estimate of the enthalpy of vaporization (in Jndyis ob- derivatives. _ _
tained. It was obtained the value of 81 3kJmol? that On the basis of the experiments until now performed a fur-

agrees within the experimental error with the literature value ther study will be necessary in the next future to understand

of 64 kJmotfound in literature18]. the effect of excipients usually present in the formulations
Arrhenius parameters calculated By. (7)are reported ~ Containing these active components.

in Table 4. As expected in the case of physical processes

(e.g. vaporization) where perturbations in the enthalpy does

not occur[19], AvapH = Eyap. 5. Conclusions

Ac, p-Eto Ac and p-Br Ac were investigated with a
simultaneous TG/DSC unit showing melting and vaporiza-
tion processes when they were submitted to a linear rising

Table 4
Arrhenius parameters of vaporization with their estimated errors

Compounds InA (s7) Evap (KImol ™) temperature conditions. This work confirms that thermal
Ac 9.5+ 0.4 53.24 2.0 analysis is an excellent tool to define and quantify the va-
p-Eto Ac 102+ 05 60.6+ 2.1 porization characteristics of a compound. Ac was used to
p-Br Ac 104+ 0.5 599+ 18 determine the coefficient of vaporization of the Langmuir

It is assumed as a zero-order process. equation using the Antoine vapour pressure constants. Thus,
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the vapour pressures of the other two compounds were
derived for a given temperature range.

Several methods to calculat®,pH were presented in
this work and the results were in close agreement with each
other and with the values found in literature.

The vaporization process followed a zero-order kinet-
ics for all the investigated compounds. Activation energies
were determined using the Arrhenius equation and their val-
ues were in excellent agreement with the corresponding en-
thalpies of vaporization.
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