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Abstract A new polymorphic form of the synthetic antiox-

idant propyl gallate was obtained by the recrystallization of

the compound in acetone. The new form was characterized by

thermogravimetry, differential scanning calorimetry, X-ray

powder diffractometry, and near- and middle-infrared region

spectroscopy. While the commercial form of propyl gallate

starts to melt at 145 �C with the maximum temperature of the

peak at 150 �C, the recrystallized form starts to melt at

140 �C with the maximum temperature of the peak at

148.8 �C. The two forms differ much in the X-ray powder

diffractograms pattern, confirming the change in the long-

distance interactions in both forms but the near- and middle-

infrared region spectroscopy shows that no difference occurs

in the inter- and intramolecular interactions.
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Introduction

Propyl gallate, or n-propyl 3,4,5-trihydroxybenzoate (PG),

is a synthetic antioxidant used as a food additive

(E = 310); it is mainly added to foods containing oils and

fats to prevent oxidation. Its molecular form is C10H12O5,

and it has a molecular weight of 212.20 g mol-1; its

structure is shown in Fig. 1 [1, 2]. PG also finds applica-

tions in the cosmetics, pharmaceuticals, food packing, and

lubricants fields [3, 4].

Recently, our group has studied the thermal behavior

and spectroscopic properties of the PG antioxidant [5]; PG

is thermally stable up to 200 �C, starts to melt at 145 �C,

and after melted, recrystallizes in a different crystalline

form. This ability of a crystalline solid to exist in different

crystalline forms is called polymorphism and can lead to

changes in physical–chemical properties of the compound,

e.g., the solubility and bioavailability; consequently, the

same compound may exhibit different toxicity level

depending on the crystalline form [6, 7].

Polymorphism is a very important property in the

pharmaceutical and food sciences [8–10], and the study of

the possible polymorphic forms helps in the understanding

and proposal of the best storage conditions, interactions,

and compatibilities of the interest compound.

Thermal methods of analysis have been widely used in the

pharmaceutical and food areas to detect the thermal stability

[11], evaluation of the thermal decomposition kinetics [12],

and gaseous products of the thermal decomposition [13],

solid-state reactions [14], and as one of the main methods in

the detection of polymorphic forms [6].

Thus, this research aims to the obtainment and charac-

terization of a new polymorphic form of PG obtained by

the recrystallization of the compound in acetone.

Experimental

Thermal studies

Propyl gallate with C98 % purity was purchased from

Aldrich. Simultaneous TG–DTA curves were obtained
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using STA 449 F3 Jupiter (Netzsch) thermal analysis

equipment, under the following experimental conditions:

open a-alumina crucibles, heating rate of 20 �C min-1, air

atmosphere at a 50 mL min-1 flow, and samples of about

15 mg.

The DSC curve was obtained using a DSC 1 systems

(Mettler Toledo) under the following experimental condi-

tions: aluminum crucible with perforated cover, heating

rate of 10 �C min-1, air atmosphere at 100 mL min-1

flow, and sample of about 3 mg.

The X-ray powder diffractograms were obtained on a

Rigaku DMAX Ultima ? X-ray diffractometer using Cu

Ka radiation (k = 1.541 Å) and settings of 40 kV and

20 mA.

Spectroscopic studies

Middle-infrared spectra (MIR) were collected on a Bomem

FTIR MB100 spectrophotometer within the 4000–400 cm-1

range, with KBr pellets, in transmittance mode.

Near infrared spectra (NIR) were collected on a Thermo

Scientific Antaris II spectrophotometer by reflectance

within the 10,000–4000 cm-1 nm range.

Crystallization

In 15 mL of acetone, 250 mg of PG was solubilized. The

solution was kept in a refrigerator at a temperature of 4 �C.

After 10 days, the solution started to precipitate, and the

crystals were separated of the supernatant and dried in a

low-pressure desiccator with CaCl2.

Results and discussion

Thermal studies

The TG–DTA curves are shown in Fig. 2. Both curves, for

the commercial sample (Fig. 2a) and for the recrystallized

sample (Fig. 2b), present the same profile, presenting

thermal stability until approximately 200 �C and thermal

decomposition in two main steps; these observations are in

agreement with our previous work [5] and demonstrated

that both forms have the same thermal behavior. For the

recrystallized sample, a mass loss in the 85–130 �C range

(2.90 %) occurs due to the loss of solvent molecules.

The DSC curves are shown in Fig. 3. As mentioned in

our previous work, the melting of commercial PG (Fig. 3a)

starts at 145 �C (endothermic event), with a maximum

peak temperature at 150 �C and melting heat of

23.72 kJ mol-1. In the case of the recrystallized form of

PG (Fig. 3b), the melting starts at 140 �C, with a maximum

peak at 148.8 �C and melting heat of 23.13 kJ mol-1. This

1.2 �C difference in the melting peak of the samples

strongly suggests the presence of two distinct polymorphic

forms; furthermore, in the DSC curve of the recrystallized

sample, it is noted the presence of another endothermic

event starting at 105 �C, with a maximum peak at 111 �C
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Fig. 1 Structure of propyl gallate
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Fig. 2 TG–DTA curves of a commercial sample of PG

(m = 15.05 mg) and b recrystallized form of PG (m = 14.98 mg)
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Fig. 3 DSC curves of a commercial sample of PG (m = 3.30 mg)

and b recrystallized form of PG (m = 3.31 mg)
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due to the desolvation of the compound and a desolvation

heat of 3.95 kJ mol-1.

The X-ray powder diffractograms were used to confirm

the polymorphism and are shown in Fig. 4. The great dif-

ference between the two diffractograms confirms the

presence of two distinct crystalline forms for the com-

mercial (Fig. 4a) and recrystallized (Fig. 4b) samples.

MIR and NIR spectra were used to confirm that the two

samples really correspond to PG compound and exclude

the possibility of some degradation during recrystalliza-

tion; MIR and NIR spectra are shown in Figs. 5 and 6,

respectively. No significant difference is noted in both

spectra, confirming that no degradation occurs, and no

difference in inter- and intramolecular interactions exists in

both polymorphic forms. Some small difference in the

spectra of the recrystallized sample (e.g., the intense band

at 1694 cm-1) is due to the interaction of the acetone with

the compound. For the complete assignment of the bands,

the reader can read our previous work [5].

Thus, with these data, it is possible to confirm the

presence of a new polymorphic form of the PG when

recrystallized with acetone. It is not the focus of this work

to discuss the possible differences in bioavailability and/or

toxicity of this new form. The main purpose of this paper is

to highlight the necessity of the evaluation of possible

polymorphic forms in food additives since there is a lack of

studies in this area, unlike what occurs in the pharmaceu-

tical field and demonstrates the importance of thermal

methods of analysis in the screening of new polymorphic

forms.

Conclusions

A new polymorphic form of the synthetic antioxidant

propyl gallate was obtained when the compound has

recrystallized in an acetone solution. The thermogravi-

metric data show that no difference in the thermal

behavior occurs in both forms, but the recrystallized form

has a first mass loss due to the desolvation. DSC curves

show the difference in the melting range of the two

forms; while the commercial form of PG starts to melt at

145 �C, with the maximum of the peak at 150 �C, the

recrystallized form starts to melt at 140 �C, with a

maximum at 148.8 �C. The great difference between the

X-ray powder diffractograms confirms that the recrystal-

lization leads to a different crystal form of PG, con-

firming the distinct polymorphic forms. MIR and NIR

spectra shown that no difference in the inter- and

intramolecular interactions occurs in these two forms.

With this work, we can conclude the necessity and

importance of the evaluation of possible polymorphic

forms in food additives and related compounds to the

quality control in this area.
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Fig. 4 X-ray powder diffractograms of a commercial sample of PG

and b recrystallized form of PG
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Fig. 5 MIR spectra of a commercial sample of PG and b recrystal-

lized form of PG
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Fig. 6 NIR spectra of a commercial sample of PG and b recrystal-

lized form of PG
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