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Abstract

The paper presents the applicability of oxyreactive thermal analysis (OTA) for the investigation of
different kinds of resins both natural (recent and fossil) and synthetic. For comparative reasons and a
more precise interpretation, along with OTA infrared spectroscopy was used as a method commonly
applied for the investigation of fossil resins. The results obtained prove that the OTA method may be
very useful for diversification of different kinds of resins. The parameter most valuable for the pre-
liminary characteristics of resins and the evaluation of their transformation was found to be the mass
loss recorded on TG curves in three definite temperature ranges.
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Introduction

Interesting results were obtained from many years’ research work on the use of oxy-
reactive thermal analysis (OTA) for investigations of various organic matter types of
natural origin [1-4]. These results encouraged the present authors to test the possible
application of the OTA method for analysis of organic matter of natural resins (recent
and fossil) as well as, for comparative reasons, of synthetic resins.

To confirm the applicability of the OTA method for this purpose the authors in-
vestigated resins using parallel the OTA and infrared spectroscopy (IR) methods. The
IR method, broadly employed for investigations of fossil resins, is here a comparative
method also enabling a more extensive interpretation of the OTA results. These two
techniques are now frequently used for comparative reasons [5—8].

The application of the OTA method for studies of fossil resins presented in this
paper was preceded by the research of Savkevich [9] who suggested that the diversifi-
cation of the shapes of the TA diagrams can serve as diagnostic for fossil resins of
various origin.
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Also in this study an attempt has been made to use these diagnostic possibilities in-
dicating considerable potential possibilities of oxyreactive thermal analytical techniques.

Experimental

The oxyreactive thermal analysis (OTA) was used as the tool for thermal investiga-
tions. The OTA procedure applied was particularly suitable for examination of the or-
ganic matter. The samples (mass of 80-20 mg of organic matter) ultrafinely ground to
the particle size of 0.2-0.3 pm, diluted with Al,O, (analyte to alumina 1:3) were
placed on a multiplate sample holder with 2 or 4 plates in a dynamic air atmosphere.
The Hungarian derivatograph a simultaneous TG/DTG/DTA instrument developed
by Paulik, Paulik and Erdey was used.

The absorption spectra in the infrared range (IR) were obtained by a technique of
potassium bromide pellets (analyte to KBr 1:230) using the Magna System 560 FT IR
apparatus manufactured by Nicolet.

Discussion of results
OTA method

In the presented work the OTA method was used for investigation of organic matter fol-
lowing the principles of this method. The results obtained enabled to calculate the per-
centage of mass loss for the analyzed samples resulted from characteristically diversified
reactions in the oxidation conditions. This diversification is an effect of different suscep-
tibility of samples to the mentioned process in specified temperature ranges. The ob-
served differences of the thermal curves course are a function of different composition,
structure and reactivity of samples under investigations.

The analysis of the thermal curves course enabled to define three following tem-
perature ranges characterizing three main stages in the oxidation conditions:

I: temperatures up to 260-270°C — in this range the fractions of low-temperature
volatile matter are mainly released; in the case of some samples the oxidation pro-
cesses proceed to an insignificant degree also in this range;

II: temperature range from 260/270 to 390/400°C — the main stage under oxidiz-
ing conditions; very reactive fragments of the structure of analyzed samples undergo
this process;

III: temperatures above 390—400°C — under oxidizing conditions correspond to
the processes of lower enthalpy and dynamics than in the II temperature range.

In spite of the preliminary character of the described investigations the results ob-
tained by OTA and IR (for comparison) clearly show the applicability of the OTA
method for diversification of composition and structure of analyzed sample types. This is
illustrated by a triangular diagram (Fig. 1) where each sample is illustrated by a point.
The coordinates (I, 11, III) of the points are the percentages of the loss of mass estimated
from thermogravimetric curves in three temperature ranges described above.
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Fig. 1 Classification diagram of fossil resins and similar matter according to the OTA
results. I — reactive fraction in temp. to 260-270°C; II — reactive fraction in
temp. 260-270 to 390—400°C; III — reactive fraction in temp. above 390—400°C.
e — Succinites: (I) B-2, (II) covering layer, (I1I) Bitterfeld, (IV) No-5, (V) Baltic
(standard), (VI) bone type, (VII) white, (VIII) brandy brown and No-1, No-2,
No-5, No10 b, spotted, white porous, Baltic after extraction; m — Cretaceous fos-
sil resins: Galicia-Spain, New Jersey, Jordan - other fossil resins:

* — Dominicana, % — Glessite, ¥ — Krantzite, V — Borneo, ® — Siegburgite,

& — Coral (Corallium negrum), x — Copales: Madagascar, Columbia, + — Kauri,
A — Imitation of ambers: Africans No 1, No 2, No 3 and plastics: polyester,
polystyrene, poly(methyl)metacrylate, A — precursors for fossil resins: (02)
Colophony recent and subfossil, (03) pine resin, young fossil resin, (04) mirrh,
0 — Succinic acid (01), (I, II...VIIL, 01...04) from this sample the TA curves are
presented on Figs 1 and 2

The majority of the points form a band which could be called ‘maturation band’

of organic matter of fossil resins. The points of siegburgite samples and synthetic
polymers are located outside this band. Siegburgite is the fossil resin originating from
Bitterfeld region (Germany) [10]. This resin of natural polystyrene character [11,12]
was formed probably by polymerization of cinnamic acid identified in a molecular
phase of this fossil resin [13]. The similarity of the DTA and DTG curve shapes of
siegburgite and synthetic polystyrene is presented in Fig. 2.

In the analyzed group of natural resins a maximal content of low-volatile prod-

ucts (I range of temperatures) is characteristic of the sample group 02—04: pine resin,
myrrh, colophony samples and so-called ‘young amber’, according to description
given by the amber collectors. A high contribution of low-volatile fraction in the case
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Fig. 2 DTA and DTG curves of: A — fossil resins of various geological age,
B — siegburgite and chosen polymers

of this group of samples is illustrated distinctly by DTA and DTG curve shapes
(Fig. 3) as well as by positions of respective points on the triangular diagram (Fig. 1).

The succinic acid sample (01) has taken an expected, more terminal else, posi-
tion on the triangular diagram. This compound is one of the components of the mo-
lecular phase of succinite type fossil resins. The points deriving from succinite sam-
ples are placed on the diagram in the second terminal part of the ‘maturation band’
(samples II-VIII).The succinites are Tertiary resins of a considerable degree of
diagenesis which signifies a relatively high degree of transformation of their chemi-
cal structure, probably also in the direction of a higher cross-linking of the resin
macromolecules.

The resins called ‘copals’ and kauri gum show a lower cross-linking of the struc-
ture in comparison with succinite samples of advanced degree of diagenesis. There is
a considerable difference in the geological age of these two groups of samples. The
succinites are Tertiary (about 40 millions years old) while the copals are resins of age
defined as not more than several millions years [14]. The analyzed kauri gum is of un-
known age. However, the position of the point of this resin on the diagram (among
points attributed to the copals) enabled to include this sample to the copals group.
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Fig. 3 DTA and DTG curves of: A — some recent and young fossil resins, colophony
samples, succinic acid and Kauri gum, B — and C — various types of succinite
samples and Madagascar copal

On the triangular diagram, in the proximity of the points corresponding to
succinite samples, occur points representing older resins — from Cretaceous times. It
may suggest small changes of macromolecular structure of fossil resin in this range of
diagenesis (Tertiary—Cretaceous). For this comparison, however, the similarity of
main structural features of the parent plant resins of these two types of fossil resins
should be assumed.

The ‘maturation band’ obtained with the use of the OTA method indicates there-
fore the general tendency of the reactivity changes (being a result of the structure
transformations in the range: from recent resins up to analyzed Tertiary and Creta-
ceous ones). Some exceptions are, however, noticed here. Three points correspond-
ing to Tertiary resins (from Borneo, as well as glessite and krantzite from Bitterfeld,
Germany) are placed on the triangular diagram below the main ‘maturation band’,
further down than the points attributed to copal samples. The respective thermal
curves of samples under discussion (Fig. 2) confirm also considerable mass losses in
lower temperature ranges. The genetic difference in relation to other analyzed sam-
ples may be a reason of this wide dissimilarity in the case of glessite and resin from
Borneo. The krantzite resin differs from all other investigated samples by a higher
sulfur content.
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A comparison of thermal curves of the particular resins of the succinite type
(Figs 3B and C) seems also to be interesting. Distinctive are samples transformed to a
certain degree by natural or laboratory processes. A considerable similarity was observed
for example for the molten succinite and succinite from Bitterfeld (Fig. 3C). The shapes
of DTA and DTG curves show also distinctly individual character of samples: ‘brandy
brown’, ‘Baltic, spotted’, ‘white’ and ‘bone’ type (Fig. 3B). The differences can result
from different geological and geochemical history of samples under discussion.

The results obtained indicate that the OTA method may also be of a great impor-
tance for diagnosis and comparison of Tertiary and Cretaceous resins from various
deposits.

It was e.g. stated that a general course of the thermal cures is similar for Tertiary res-
ins from Dominicana and from the Baltic Sea (Figs 2A and 3B), despite various tree spe-
cies attributed to the resins: deciduous trees and conifers, respectively [15]. This observa-
tion may be a contribution to further discussions on the genesis of fossil resins.

Also interesting is the conformity of thermal curves of Cretaceous resins (from
Spain and USA) (Fig. 2A) in spite of considerable distances between the deposition
sites. The position of respective points on the diagram (Fig. 1) is also similar. These
points are, moreover, placed near the point of the Corallium negrum analyzed here
for comparison. Chemical composition of this coral seems to have the features of
chitinoid structure [16].

Figure 2A shows a thermal curve of rumanite from Sakhaline (Russia). It is a
Tertiary resin but the course of the thermal curve is similar to these of the above men-
tioned Cretaceous resins. It was stated, however, that rumanite is probably a succinite
transformed under natural conditions with elevated temperature and pressure [17].

The Cretaceous resin from Jordan differs somewhat in properties from other
Cretaceous resins analyzed here. The shapes of DTA and DTG curves are similar to
these of naturally oxidized covering layer of succinite sample (Fig. 3C). For the resin
from Jordan, however, a lower amount of volatile products was observed in the low-
est temperature range (I).

Infrared spectroscopy (IR)

Infrared spectroscopy was used for preliminary characteristics of the analyzed sam-
ples. This method was applied also for supporting interpretation of the results ob-
tained by the OTA method. IR spectroscopy is very helpful for the analysis of fossil
resins because of specific infrared spectra shapes, being the ‘fingerprints’ of various
types of resins. It can be useful for comparisons and identification. Owing to the char-
acteristics of chemical structure of resins the infrared spectra enable a preliminary
classification of the resins on the basis of similarity of the spectra shapes or by differ-
ences in the degree of diagenetic transformations of the structure. The IR spectra, il-
lustrating differences in the chemical structure also contribute to the discussion of the
differences between reactivity of resins.

Infrared spectroscopy is a particularly efficient method in unfailing identifica-
tion of succinite type of fossil resins because of a characteristic absorption band in the
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range of about 1150-1260 cm™ (Fig. 4). This is the so-called ‘Baltic shoulder’. This
name derives from another designation of succinite: ‘Baltic amber’ and from abun-
dant occurrence of succinite in the Baltic region. ‘Baltic shoulder’ originates proba-
bly from ester groups in the chemical structure of succinite. Figure 4 shows the IR
spectra of several succinite samples derived from various deposits, i.e. from Sambia
Peninsula (Russia) (Fig. 4a) or from Bitterfeld (Germany) (Fig. 4b). The general
shape of the spectrum was not changed as the results of the ethanol extraction
(Fig. 4¢). This signifies that there is an unextractable, macromolecular phase of struc-
ture which influences mainly the shape of the IR spectra of succinite. Infrared spec-
trum did not reveal any distinct changes in a spectrum of naturally oxidized succinite
(weathered covering layer) (Fig. 4d). In this case the changes of the structure were
shown better by the OTA results as illustrated e.g. by the position of respective point
on the triangular diagram (among points of copals) (Fig. 1). It is probably an effect of
the oxidation process. This process can be the reason for a partial destruction of
macromolecular structure. An increase of loss of mass in the lowest I range of tem-
peratures (Fig. 1) seems to confirm this hypothesis.

1001
90

80

m @ -
(=1 o o

Transmittance/% a. u.
FY
[=]

[
L= =]
——

2

0

4000 -~ 3000 - 2000 1000
Wavenumber/fcm™'

Fig. 4 Infrared spectra of succinite type samples with characteristic band called ‘Baltic
shoulder” in the range of wavelength of 11501260 cm™": a — amber from Sambia
Peninsula (Russia), b — amber from Bitterfeld (Germany), ¢ — ethanol extraction
residue of Baltic amber, d — naturally oxidized covering layer of succinite sample

Also of great value for the diagnostics of resins on the basis of the IR spectra is
the relative intensity of band of oxygen groups at about 1700 cm™'. A direct relation-
ship is observed. This is in accordance with the tendencies indicated also for other
types of fossil organic matter [16].

For the analyzed series of recent resins the intensity of the band mentioned is
strongly dominating in their IR spectra (Fig. 5). The relative intensities of the bands
at about 1700 cm™ are lower in the IR spectra of a series of older — e.g. succinite type
resins (Fig. 4). This tendency progresses in the direction of Cretaceous resins. How-
ever, some exceptions were observed for two Tertiary resins, from Borneo and
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Fig. 5 Infrared spectra of recent resins: a — myrrh, b — pine resin, ¢ — recent colophony,
d — subfossil colophony

glessite, which do not comply with the above regularity. The distinct dissimilarity of
these samples was also confirmed by the results of analysis by the OTA method.

A band of unsaturated bonds of the exocyclic diene type in terpenoids (at about
890 cm') [18] is an other diagnostic band here. The relative intensity of this band is
the greatest in the IR spectra of copals. The bands of this type (but of lower intensity)
are also observed in the IR spectra of succinites as well as in the spectrum of the resin
from Dominicana. (The point of the latter is near to the points of succinite samples on
the triangular diagram described earlier (Fig. 1).)

Most probably the reactive unsaturated groups are an important source of vola-
tile products in the ranges of lower temperature (I and II) which results in the position
of respective points on the triangular diagram.

The case of rumanite resin is an other example of confirmation by IR analysis of
the results obtained by the OTA method. The similarity of thermal characteristics of
this Tertiary resin and the analyzed Cretaceous ones have been described earlier. In-
frared spectra of rumanite and the analysed Cretaceous samples show as well a signif-
icant similarity. The IR spectrum of rumanite has, however, some features which can
confirm the statement [19] that this resin is probably a product of treatment of
succinite by elevated pressure and temperature under natural conditions.

The similarity of the IR spectra of siegburgite and synthetic polystyrene [12]
confirms the approximate position of respective points on the triangular diagram
(Fig. 1). In the same area of the diagram the other synthetic polymers have also re-
spective points. This position on the diagram indicates a low amount of volatile prod-
ucts (I temperature range) and a dominating contribution of structures reactive in Il
temperature range. It may be an effect of a regular structure and lower degree of
cross-linking of synthetic polymer structures, as compared e. g., with fossil resins of
high degree of diagenesis.
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Conclusions

The results obtained indicate that the method of the oxyreactive thermal analysis can
be useful for preliminary characteristics of resins and for estimation of diversification
of the structure by comparison of their reactivity in the specified experimental condi-
tions. The OTA method may be also applied for description of the diagenetic trans-
formation degree of chemical structure of fossil resins.

A numerical parameter proved promising for classification purposes estimated
from TQ. This parameter is calculated from a set (characteristic for each analysed
sample) of mass loss of percentages for three ranges of temperatures fixed for the
given experiment.

The usefulness of the applied technique of measurements and helpfulness of
used numerical parameter are illustrated in this work on the triangular diagram. The
points characterizing particular samples of natural resins form a band which may be
called the ‘maturation band’ of fossil resins. This band begins with the point of the
succinic acid of simple molecule and is followed by points of recent resins and finally
by points of copals. All those samples can be characterized by a relative high yield of
low-volatile products of proceeding processes. The samples of fossil resins repre-
sented by points marked on further part of ‘maturation band’ are characterized, in
turn, by lower yield of low-temperature volatile products. These last mentioned sam-
ples are Tertiary and Cretaceous resins of probably higher degree of cross-linking of
their structure in comparison with younger resins.

The resins represented by points outside the main ‘maturation band’ confirm
also the usefulness of the applied method revealing the specific features of resins of
various origin.

The results of investigations, made for comparison, of synthetic polymers sug-
gest that macromolecular construction of natural resins is not so regular. Moreover,
cross-linking of the structure’s natural resins of higher degree of diagenesis is proba-
bly higher than this of synthetic polymers.

The results obtained indicate the possibilities of application of the OTA method
as one of methods helpful for classification of resins both recent and fossil of various
degree of diagenesis. For further investigations the population of analyzed samples,
however, should be more numerous and more diversified. A simultaneous application
of IR method and OTA to verify the results is also advisable.
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