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Abstract
The relationships between the polymerization related to structure and the composition of different types of natural resins were 
determined. Analyses were carried out by Fourier transform infrared spectroscopy (FTIR), differential thermal analysis–ther-
mogravimetry (DTA-TG) and hot stage microscopy (HSM). Copal specimens were collected from the Mai-Ndombe Lake, 
Democratic Republic of Congo, and amber pieces that came from Bitterfeld, Germany, and from Kaliningrad, Russia. FTIR 
spectra of copal show a vibrational band at 1643  cm−1 (C=O stretching) attributed to communic acids, while amber shows 
a band at 1735  cm−1 associated with ester-group vibrations and a shoulder at about 3340  cm−1, suggesting partial oxidiza-
tion. DTA shows the main exothermic peak, related to the combustion, at 546–552 °C in amber and at 518 °C in copal. The 
derivative thermogravimetry (DTG) peaks vary in the different resin types; in amber, they occur at 333–335, 401–404 and 
548–555 °C and are related to mass losses of 31, 26 and 39 mass%, respectively; copal peaks are at 394 and 507 °C, with 
mass losses of 71 and 27 mass%, respectively. In copal, hot stage microscopy (HSM) shows the start of sintering at 131 °C, 
followed by an expansion produced by the material decomposition and the generation of gases that cannot be released because 
of the material plastic behaviour. Finally, the increase in pressure produces an explosion that results in a lower viscosity of 
the liquid, which at this point can no longer support the internal pressure of gases. In amber samples, a smaller decrease in 
viscosity is observed and the start of sintering occurs at 150 °C with no significant change in their morphology.
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Introduction

Natural resins are semisolid amorphous organic hydrocarbon 
compounds secreted by plants. According to their degree of 
polymerization, they can be classified as amber or copal. 
Amber forms when resins from certain trees harden and 
gradually fossilize over long periods of time [1–3]. The res-
ins hardening process starts when all volatile components 
are lost. At this point, resins become copal and with time, 
during burial of the host sediments, it undergoes further 

devolatilization, polymerization and oxidation processes that 
transform it into amber. Later, during burial with sediments 
they undergo to become amber [4].

The characterization of amber is important to distin-
guish it from false amber pieces, often appearing on the 
market. These can frequently be copal, a resin with a smaller 
degree of polymerization, or even synthetic resins, which 
may contain plants and/or insects to simulate amber [5]. 
Characterization of both amber and copal is useful not only 
for distinguishing cases of fraudulence but also for obtain-
ing information about their provenance. To their assess-
ment, studies are carried out on their chemical composi-
tion, molecular structure, the presence of minerals, and 
their thermal behaviour. These studies can provide relevant 
information about the origin and type of resins that make 
up valuable pieces [5]. The thermal behaviour of copal and 
amber provides evidence about their maturity degree [6]. 
Even though studies about the thermal behaviour of resins 
do already exist in the literature, they are still limited to 
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DTA-TG of samples [5, 7] or to differential scanning calo-
rimetry (DSC) data [6, 8, 9].

Different types of amber are found in Europe; the larg-
est deposits are located in the paleo-North Sea margin [10] 
and are known as Baltic amber or succinite. About 90% of 
the world’s reserves of succinate are located in the Sam-
bian Peninsula of the Kaliningrad Region, in Russia, where 
they have been mined since the Neolithic period [11]. They 
formed more than 40 million years ago in the middle Eocene 
[12] and contain a broad diversity of insects. A special char-
acteristic of Baltic amber is its 3–8 mass% of succinic acids 
content [13].

Bitterfeld amber, which extends over the region of Sax-
ony in Germany, has occasionally been considered as part 
of Baltic amber [14]; however, it is of more recent forma-
tion, belonging to the Late Oligocene [15] and/or Miocene. 
Baltic amber originates from the Pinaceae and Sciadopity-
aceae families [10], whereas Bitterfeld amber comes from 
the Burseraceae family [16]. Both resins are characterized 
by high amounts of succinic acid and terpenoid, but Baltic 
amber also contains diterpenoids which are absent in Bit-
terfeld amber [17].

Copal occurs in different locations around the world; the 
most known are those from Madagascar, Dominican Repub-
lic, Colombia, Indonesia, Mexico [18], New Zealand and 
several African countries. African copal has been exten-
sively exploited, especially in the Congo area. All African 
copal derives from the Fabaceae family [19].

The purpose of the present research is to examine the 
main differences between copal and amber based on their 
spectroscopic analysis and their response to the application 
of heat. In addition to the DTA-TG, the rheological behav-
iour of some specimens was tested using hot stage micros-
copy (HSM). These analyses provide a good characterization 
of both resins.

Material and analytical methods

Samples

This study was carried out using five samples of copal from 
the Mai-Ndombe Lake, in the Democratic Republic of 
Congo, and four amber pieces belonging to the Escola de 
Gemmologia of the University of Barcelona coming from 
Bitterfeld, Germany, and from Yantarni (or Jantarnij), Kalin-
ingrad, located in the Samland Peninsula, Russia.

Analytical methods

The colour of the samples was determined by spectral dif-
fuse reflectance in the CIELAB colour space [20, 21]. The 

parameters were measured using a CM-700d Konica-Minolta 
spectrophotometer.

Tested samples were characterized by X-ray powder dif-
fraction analysis (XRD). A small piece of material was cut 
from each sample, and a part of it was ground in an agate 
mortar. Analyses were performed using a PANalytical X’Pert 
PRO MPD alpha1 powder diffractometer in Bragg–Bren-
tano θ/2θ geometry of 240 mm of radius, CuKα1 radiation 
(λ = 1.5406 Å) powered at 45 kV–40 mA, scanning range 
4–100° with a 0.017° 2θ step size of 0.026° and measuring 
time of 100 s. Identification of phases was carried out using a 
PANalytical X’Pert HighScore software.

Microtextures were observed by scanning electron micros-
copy (SEM), using a Hitachi TM-1000 table top equipped with 
an energy-dispersive X-ray spectrometer (EDS). Observations 
were carried out in fractures and fragments of the resin pieces.

Fourier transform infrared (FTIR) spectra were obtained 
using a PerkinElmer System 2000 FTIR spectrometer. Vibra-
tional spectra were recorded, in the 400–4000  cm−1 range, 
after 32 scans with a resolution of 4  cm−1. Raman spectra were 
obtained using a micro-Raman spectrometer HORIBA Jobin 
Yvon LabRam HR 800, equipped with an Olympus BXFM 
optical microscope (10×), using a 785-nm laser line excitation 
and power of about 10 mW with 3 measurement repetitions of 
30 s each. Micro-Raman was used because it provides infor-
mation on both chemistry and structure of the samples under 
study.

The thermal decomposition temperature was determined 
using a melting point system Mettler Toledo MP90, operation 
time 10 s, heated from 50 to 400 °C. Experiments were car-
ried out using two different heating rates: 5 and 10 °C  min−1.

Thermal analysis of copal and amber was performed with 
a STA 409C Netzsch equipment through simultaneous DTA-
TG. Analyses were carried out in a dry nitrogen atmosphere 
with a constant flow ratio of 80 mL  min−1. Powdered samples 
of 20 mg were introduced in an alumina crucible and heated 
from 25 to 700 °C with a linear rate of 10 °C  min−1, followed 
by free cooling. Aluminium oxide PerkinElmer 0419-0197 is 
taken as reference.

HSM was used to visually characterize the morphologi-
cal evolution of copal and amber as temperature increases 
from 25 to 1500 °C, with a heating ratio of 5 °C  min−1 in air 
atmosphere. The test cylinders (~ 30 mm in diameter) were 
prepared by cold-pressed by means of powdered samples less 
than 45 µm in size and bounding them with a 1/20 solution of 
Elvacite® acetone in a uniaxial press.
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Results and discussion

Colour

Copal specimens from Congo are translucent, 2–3 cm in 
diameter and cream to orange in colour (Fig. 1a). Bal-
tic amber specimens with different characteristics were 
selected, one of them is yellow and transparent, another 
one is white-yellow and opaque, and the other is translu-
cent and brownish. The Bitterfeld amber is slightly trans-
lucent and has a brownish colour (Fig. 1b, c).

The CIE L*a*b* colour parameters for both copal and 
amber specimens are indicated in Table 1. Copal shows 
the most uniform colour values, while amber exhib-
its more variability (Fig.  2a). The resins lightness, L, 
increases proportionally to their chromatic parameter 
b* (Fig. 2b). Copal exhibits intermediate L values in the 

range 48.34–53.51; the chromaticity is uniform, with 
a* = 4.59–7.09 and b* = 7.60–13.72, corresponding to the 
red–orange range. The colour saturation C* ranges from 
8.88 to 15.45, and the hue angle h ranges from 58.88 to 
63.94.

In the case of amber, the yellow Yantarni sample has a 
contrastingly marked difference in colour parameters with 
respect to all of the other amber pieces. The lightness, L, of 
amber is in the range 45.39–48.07 except for the Yantarni 
specimen, with L = 70.75. The a* parameter ranges from 
0.89 to 5.99, and b* is from 4.29 to 5.33. In the yellow Yan-
tarni sample, a* is 0.47 and b* to 27.63. The C* parameter 
and h run from 4.38 to 8.01 and from 41.66 to 78.34, respec-
tively; for the yellow Yantarni specimen C* is 27.63; hue 
is 89.03. These parameters are important to investigate the 
original environmental conditions of the resins formation 
and also to know whether they have been treated to change 

Fig. 1  Samples used in this 
study. a Congo copal, b amber 
from Bitterfeld, c amber from 
Yantarni

(a)

(c)

10 mm 20 mm

20 mm

(b)

Table 1  Colour and CIELab 
parameters of the copal and 
amber specimens

Sample L a* b* C* h Δa* Δb* ΔL* ΔE

Congo-1 Light yellow, translucent 53.51 7.09 13.72 15.45 62.68 7,19 13,83 -45.91 35.39
Congo-2 Dark yellow, translucent 48.34 4.59 7.60 8.88 58.88 4,68 7,71 -51.09 38.74
Congo-3 Yellow, translucent 50.70 5.26 9.83 11.15 61.87 5,35 9,94 -48.73 36.96
Congo-4 Yellow, translucent 49.54 4.87 9.95 11.07 63.94 4,96 10,06 -49.88 37.95
Congo-5 Light yellow, opaque 49.67 5.38 10.73 12.00 63.36 5,48 10,84 -49.75 38.01
Yantarni Light yellow, opaque 45.39 0.89 4.29 4.38 78.34 7,45 12,65 -54.03 40.86
Yantarni Yellow, transparent 70.75 0.47 27.63 27.63 89.03 0,99 4,40 -28.68 25.50
Yantarni Honey yellow, transparent 46.80 5.99 5.33 8.01 41.66 0,58 27,73 -52.63 40.22
Bitterfeld Yellow–brown, opaque 48.07 2.90 5.28 6.02 61.22 6,09 5,44 -51.36 38.54
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the colour to yellowing them. Presence of oxygen, pH, rela-
tive humidity are factors related to colour changes [22–24].

Mineralogical characterization

The XRD patterns show the amorphous state of the sam-
ples, characterized by a broad band centred at about 5.9 Å 
(~ 15°2θ), ranging from 10 to 25°2θ, typical of the majority 
of fossil resins (Fig. 3). In these samples, only traces of min-
erals were present, such as quartz  (SiO2) and barite  (BaSO4) 
in Congo copal.

SEM observations enabled to detect the presence of 
other minerals included in the amber samples (Fig.  4). 
Besides barite  (BaSO4), some pyrite  (FeS2) and gypsum 
 (CaSO4⋅2H2O) crystals were found in all of them. In the 
case of Bitterfeld amber, halite (NaCl) and silicates were 

also found, which can be attributed to the class of phyllo-
silicates by their morphology. The presence of these mineral 
phases is relatively common in amber from different loca-
tions; for example, several authors [25, 26] found significant 
amounts of quartz in Baltic amber specimens. Quartz and 
calcite  (CaCO3) have also been reported [27]. These miner-
als occur as inclusions trapped within the copal and amber 
during their fossilization process, and they confer opacity to 
the specimens. In the case of transparent amber and copal, 
no significant mineral phases were observed. Another char-
acteristic of amber is the presence of pores enclosed within 
its structure (Fig. 4d), which also induce opacity [28].

Molecular structure

FTIR analyses show differences between Congo copal and 
amber samples. The latter show typical FTIR fingerprints 
of Baltic amber pieces. Table 2 shows the results of amber 
and copal vibration bands compared with established by 
other authors, with their corresponding assignments [24, 
26, 29–33]. The main differences between amber and copal 
are related to the presence/absence of bands at 3500–3400, 
3095, 2362  cm−1 and around the 1245–1040  cm−1 range.

Representative FTIR spectra of amber and copal are 
shown in Fig. 5. They show two areas where copal and 
amber behave differently. The characteristic fingerprints 
of the Baltic amber are in the ranges 4000–2500  cm−1 and 
1800–700  cm−1. Nevertheless, Beck [29] suggested that the 
range of the spectrum from 1250 to 1100  cm−1, correspond-
ing to C–O stretching vibrations, is what defines whether an 
amber piece is from the Baltic region or not. Copal presents 
four frequencies with different intensity than amber at 3095, 
1643, 1265 and the 887  cm−1. These frequencies together 
with the Baltic shoulder allow to characterize or differenti-
ate amber from copal. The 887  cm−1 band is also present 

Fig. 2  CIELab chromatic dia-
grams; a a* vs b* colour coor-
dinates, b ΔL, lightness, vs Δb* 
yellowing. HL, honey yellow; 
LY, light yellow; Y, yellow
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in amber, but it is appreciably smaller and decreases with 
oxidation; it can even disappear [34].

In the upper range of the spectrum, the amber samples 
show a broad absorbance shoulder around 3400   cm−1, 
assigned to the O–H stretching bond of the hydroxyl group, 
possibly related to the water adsorbed during amber forma-
tion [32]. In copal, there is a sharp peak at 3095  cm−1, attrib-
uted to the C–H stretching bond of the exocyclic C=CH2 

group, which is very weak in amber. In this study, this peak 
has been also observed in Baltic amber from Kaliningrad 
and also in the Bitterfeld specimens, but with a much lower 
peak intensity. A double C–H stretching vibration appears 
in the range 2926–2852  cm−1, which corresponds to satu-
rated bonds of methyl and methylene groups in amber. The 
2362  cm−1 band is related to C–O vibrations in  CO2.The 
comparative FTIR results show some differences in the 

Fig. 4  SEM images of amber. a, b, c Bitterfeld specimens; d, e, f Yantarni amber

Table 2  FTIR bands, in wavenumbers/cm−1, and vibrational assignments of the resin specimens (Yantarni: HL, honey yellow; LY, light yellow; 
Y, yellow). Assignments data from [24, 26, 29–33]

Bands/cm−1 Yantarni HY Yantarni LY Yantarni Bitterfeld Copal Assignment

3500 − 3400 3429 3369 3328 3327 O–H stretching, broad
3095 3095 3095 3095 3095 3095 C–H stretching
2930 ± 10/2853 ± 10 2924–2860 2925–2852 2926–2852 2926–2858 2927–2860 C–H stretching
2362 ± 5 C–O stretching (of succinate)
1735 − 1700 1735 1730 1735 1735–1700 1700 C=O stretching (carboxyl group)
1650 − 1640 1643 1640 1645 1644 1643 C=C stretching
1450 ± 20 1448 1455 1457 1445 1444 C–H bending
1375 ± 5 1374 1375 1375 1375 1385 C–H bending
1245 − 1240/1262 1265 C–O stretching
1180 − 1160/1175 1172 C–O stretching
1040 1040 C–O stretching
1250 − 1010/1150 ± 15 1157 1157 1156 1154 C–O stretching (of succinite)
995 ± 15 982 996 992 979 979 C–H bending
888 ± 1 887 887 887 887 887 C–H bending
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shape of the spectra (Fig. 5). The definition and intensity 
of the Bitterfeld amber are lower than those of the Yantarni 
amber. However, the fingerprint of Bitterfeld amber corre-
sponds to the so-called Baltic shoulder.

The low FTIR range starts with pronounced intensity 
absorption peaks corresponding to the carboxyl group, 
C=O stretching, ranging from 1700 to 1735  cm−1 in amber 
samples, and attributed to the presence of acids and esters 
during ageing. These peaks may increase due to oxidation 
processes [32]. Copal shows only one peak at 1700  cm−1. 
At ~ 1643  cm−1 amber shows a weak intensity peak, while 
copal exhibits a strong vibration, associated with C=C 
stretching attributed to RCH=CH2, RR′C=CH2 unsaturated 
compounds [31]. The intensity of this band is reduced with 
resins deterioration [32, 35]. The medium intensity absorp-
tion peaks around 1450 and 1380  cm−1 in both resins are 

due to C–H bending vibrations and are related to methyl and 
methylene group  (CH2–CH3).

In the amber samples a wide absorption shoulder in the 
region between 1255 and 1156  cm−1, related to C–O stretch-
ing vibrations, is observed. This range is attributed to esters, 
alcohols and carboxylic acids, being this the typical Baltic 
shoulder. Succinate esters can be hydrolysed into communol 
and succinic acids; both of them are produced under wet and 
acidic conditions and are typical components of Baltic amber 
[24]. The slope of the Baltic shoulder may increase during 
amber degradation [29]. In this region, Congo copal shows 
three vibration bands around 1265, 1172 and 1040  cm−1, 
due to C–O stretching [30, 36]. The last absorption peaks at 
887 and 980  cm−1 are attributed to C–H bending. In copal 
they show stronger vibrations than to what is observed in 
amber [34, 37].

The main differences between Raman spectra of amber 
and copal are evidenced in the wavenumber regions from 
2700 to 3200  cm−1 and from 600 to 1900  cm−1, which are 
attributed to stretching vibrations of  CH2,  CH3 and  CH2, 
C=C, C=O, respectively (Table 3 and Fig. 6).

The Raman vibrational band around 1650   cm−1 is 
assigned to the stretching vibration of the olefinic group 
ν(C–CH2) and the 1444  cm−1 band to the deformation of 
CH bonds  (CH2 or  CH3 groups). The triplet at 745, 718 and 
697  cm−1 observed in the amber comes from the evolution of 
the doublet at 745 and 698  cm−1 in copal [4, 38, 39].

The polymerization degree or index of maturation Im 
(maturity indicator level) is determined using the relative 
intensity ratio between two significant wavenumbers from 
mid-Raman spectrum: ν(C=C)/Δ  (CH2) = I1650/I1445. In 
amber samples, II650/I1453 is 0.9 and in copal II699/I1440 is 
1.4, showing that this ratio decreases with resins maturity. 
In fact, the relative intensity ratio is consistently lower for 
amber (< 1) than for copal (> 1). These results are close to 
those of [36], who attribute the highest values to modern 
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Table 3  Assignments of Raman 
bands in the studied resins and 
wavenumber  (cm−1) of the 
spectra database

Reference Bands/cm−1 Amber Copal Vibrational assignment bands mode

540 554 ν(COC) in-plane deformation
651 641 ν(C–S) stretching
881 881 882 ν(COC)
938 938 948 ρ  (CH3)
1298 1298 1286 Δ(CH2) twisting
1450 1453 1440 Δ(CH2) deformation

[26] 1479 1475 Δ(CH2), Δ  (CH3)
[4] 1646/1650 1650 1646 ν(C=C) stretching
[26] 1699 1699 ν(C=O)

1734 1795 1795 ν(C–O) stretching ester
[4] 2871/2850 2870 2870 ν(CH3) stretching
[4] 2930/2928 2928 2928 ν(CH2) stretching
[4] 2965/3085 3020 ν(CH2) stretching
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pine resins and the lowest to amber, due to the degrada-
tion of ν(C=C) attributed to meteorization or microbial 
oxidation.

In the upper region of the spectra, copal and amber 
vibration bands are similar. Nevertheless, the smooth peak 
at wavenumber 3020   cm−1, corresponding to ν(CH), is 
only present in the copal samples. The strong peak around 
2930  cm−1 is similar in amber and copal, but their intensity 
is different. In amber, peaks are centred at 2936  cm−1 and 
have an intensity of 9.5, while in copal, they are observed 
at 2928  cm−1 with a 6.5 intensity. Finally, the vibration at 
2870  cm−1 shows a prominent shoulder in all cases.

Thermal behaviour

When the heating rate of the test is 10 °C  min−1, the decom-
position temperature is not stable and varies within a range 
of about 35  °C, while tests carried out at a lower rate, 
5 °C  min−1, provide similar decomposition temperature in 
all samples. In this last case, temperature values of about 
165 °C and 385 °C are observed for copal and amber sam-
ples, respectively. The higher is the degree of polymerization 
of the resin, the higher its decomposition temperature.

DTA results show different behaviour between copal and 
amber. Yet, in all cases the observed events are broad and 
poorly defined (Fig. 7). According to [5], the curves present 
weak and unstructured phenomena that highlight the thermal 
behaviour of the resins. The first endothermic event is weak 
and wide, and it is observed between 150 and 190 °C, being 
attributed to evaporation processes [5]. When the tempera-
ture increases, a discrete and weak exothermic peak appears 
at 450 °C in copal specimens and a relatively pronounced 
exothermic process occurs at 518 °C. In amber, a weak exo-
thermic event is evidenced at 405–441 °C. The most marked 

exothermic peak occurs at 546 °C in the Yantarni speci-
mens and at 552 °C in the Bitterfeld sample tested. These 
results indicate on one side the combustion of the resins 
and, on the other, the temperature increases with the resin 
polymerization degree. DTA results show peaks at higher 
temperatures than those reported for both copal and amber 
by other authors. Amber sample from Bitterfeld may show 
lower exothermic peaks, for example peaks at about 350 
and 500 °C were reported by [7] that also observed lower 
exothermic peak temperatures for copal. The glass transi-
tion temperature (Tg) calculated from the DTA is 290 °C for 
copal and 386–387 °C for amber. These values are consistent 
with the maximal decomposition temperature in both types 
of resin. Other authors report lower Tg values, but they were 
calculated from the DSC analyses [8, 9, 40].

The main information about the thermal behaviour of 
resins can be obtained from TG and DTG. In this research, 
TG curves show that the decomposition of copal and amber 
starts above 225 °C and it is associated with the tempera-
ture at which a significant mass loss occurs (Fig. 8). Copal 
samples complete their combustion at around 550 °C, while 
amber samples at 600 °C. Congo copal lose its mass in two 
steps. Its maximum decomposition rate occurs in the range 
225–440 °C when it loses in just one step 71 mass% of its 
initial mass. In the second step, at temperatures higher than 
440 °C, copal loses the remaining 27 mass%. These two 
steps are correlated with two corresponding DTG peaks, 
the most intense of which occurs at 394 °C and the second 
smaller one at 507 °C (Fig. 9). In the Yantarni amber, the 
mass loss takes place in three stages. At temperatures in 
the range 225–380 °C, Yantarni amber loses 31 mass% of 
its initial mass, between 380 and 448 °C it loses 26 mass%, 
and from 448 to 600 °C, it loses the remaining 39 mass%. 
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These stages are also associated with three DTG events, cor-
responding to a small peak at 335 °C, a big one at 401 °C 
and a medium one at 555 °C, respectively (Fig. 9). The Bit-
terfeld amber also loses its mass in three stages, at similar 
temperature ranges as those observed for Yantarni amber 
(Fig. 9). These losses are related not only to a release of 
water and other volatiles but also to the material degrada-
tion produced by heating in the absence of oxygen [33, 38].

These results show that amber has higher decomposition 
temperatures than copal. Some authors relate the tempera-
ture increase at the DTG peaks to the age of the fossil resin. 
This relationship may help to identify the origin of the resins 
and, at the same time, allows the determination of diagenetic 
processes [40–43].

Amber and copal have highly different rheological prop-
erties, as evidenced from the HSM results (Fig. 10). Congo 
copal exhibits a first shrinkage at 131 °C, which corresponds 
to the start of sintering (Fig. 10a). As temperature increases, 
it expands due both to material decomposition and genera-
tion of gases that cannot be released because of the copal 
plastic behaviour at these temperatures. The softening point 
occurs at 195 °C, and copal reaches the ball morphology at 
215 °C. Finally, the increase in pressure produces an explo-
sion, with an even lower viscosity of the liquid that can no 
longer support the internal pressure of gases, and the half 
ball morphology is attained at 395 °C.

The amber specimens maintain their viscosity up to a 
temperature of 150 °C (Fig. 10b). At this stage, the first 
shrinkage is observed and the softening temperature occurs 
at 450 °C. Up to a temperature of 540 °C, the specimen 
swells and the deformation process takes place. At 700 °C, 
amber attains its minimal viscosity and shrinkage occurs; 
above 700 °C, the sample morphology remains unchanged.

A summary of the main differential characteristics of 
studied copal and amber specimens is shown in Table 4.
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Conclusions

Minerals and pore inclusions incorporated in the resins 
affect their colour and opacity. Usually, amber presents 
lower lightness and yellowing values compared to copal, 
with the exception of the yellow specimen from Yantarni.

FTIR and Raman spectroscopy show the degree of 
polymerization of the resins, which allows to classify them 
into copal or amber, according to the presence of differ-
ent bands. All the FTIR spectra of amber include a broad, 
horizontal shoulder followed by a peak at 1157  cm−1 typi-
cally associated with Baltic amber (related to its succinite 
composition). Amber also exhibits a broad absorbance 
band around 3400   cm−1 related to water. This is more 
pronounced in the Yantarni amber. As would be expected, 
the Im calculated from the Raman data is < 1 in amber, 
whereas it is > 1 in copal.

The thermal behaviour of copal and amber is related 
to their polymerization degree. The decomposition tem-
perature of copal is about 165 °C, while it is 385 °C in 
amber. DTA shows two exothermic events, the first occurs 
at lower temperature in amber (from Bitterfeld and Yan-
tarni) than in copal, whereas the second event takes place 
at lower temperatures in copal than in amber. The TG 
curves evidence the different thermal behaviour of the two 
resins, indicating the start of the decomposition processes 
at 225 and 440 °C copal and amber, respectively. The mass 
loss is complete at the end of the heating test, and it corre-
lates with the peaks obtained from the DTG. Copal shows 
two peaks, while amber presents three peaks, two of them 

located at higher temperatures than in copal. This evolu-
tion is related to the polymerization degree.

The rheological properties of the resins have been 
revealed through HSM. Copal shows a more plastic behav-
iour than amber. As temperature increases, the morphology 
of copal specimens changes and it reaches to the half-ball 
shape at 215 °C. On the other hand, amber does not show 
a plastic behaviour with the increase of temperature; it just 
displays and only shows a small shrinkage at the end of the 
heating process.
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Table 4  Main differences between copal and amber in the analysed specimens

Samples Copal Bitterfeld Baltic amber

Mineral inclusions Quartz, barite, pyrite, gypsum, halite, phyllosilicates
FTIR spectra/cm−1 887 887 small 887 small

1265, 1172, 1040 ≈1255–1157 weak bands ≈1255–1157 Baltic shoulder
3095 sharp peak 3095 weak band 3095 weak band
Shoulder ≈ 3340 (oxidization) Absent ≈3400 (OH-stretching)

Raman spectra/cm−1 554, 641, 1475, 3020 745, 718, 697
2930 strong 2928 moderate

Polymerization degree II699/I1440 1.4 II650/I1453 0.9
Thermal properties
Decomposition/°C 165 385
DTA exothermic/°C 150, 450, 518 190, 405, 552 180, 441, 546
TG/mass% 71 and 27 31, 32 and 29 31, 26 and 39
DTG peaks/°C 394, 507 333, 404, 548 335, 401, 555
Rheology/°C Start sintering 131 Start sintering 150

Softening 195 Softening 450
Ball 215 Shrinkage 700
Half-ball 395

http://creativecommons.org/licenses/by/4.0/
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