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The paper presents the results of systematic study of Poliskiy amber luminescence. The
experiments were performed with specimens of natural amber with a variety of physical
and chemical parameters. The luminescence was excited by UV- or X-ray radiation. The
photoluminescence spectra of different specimens are similar and are well approximated by
two Gaussian curves with peaks of 2.48 and 2.95 eV. The luminescence spectrum excited
by X-ray radiation has a maximum intensity at the wavelength near that for UV excita-
tion, but the shape is significantly different.
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IIpuBegeHsbl pPea3yabTaAThl CHCTEMATHUECKOTO HCCIENOBAHUA JIOMUHECIECHIINN YKPANHCKOr0
AHTapsA. OKCIEePUMEHTHl IIPOBOIUINCH ¢ 00pasiaMy M3 HATYPAJLHOTO SHTAPA C PASIMYHBIMU
GUBHKO-XUMHUUYECKUMHU IIapamerpamu. JliomuHecieHIusa Bo30y:Kaansace Y@P WIU PEHTTEHOB-
ckuM usaydenneM. CIeKTpsl (OTONIOMUHECIEHIINN PASIMYHBIX 00pasIioB MOJO0HBEI M XOPO-
IO AIIPOKCUMUPYIOTCA aByMA pyHruuamu ['aycca ¢ makcumymamu 2,48 u 2,95 sB. Crnexrp
JIOMAHECIIEHIIUY, BO30YKICHHBIM PEHTIeHOBCKUM HSJIyYE€HUEM, MMeeT MaKCUMyM HHTEHCUB-
HOCTH Ha OJM3KOHN [IJHHE BOJHBI, UTO M 1A ¥ P-Bos3Oy:KIeHusdA, ogHAKO (ropMa 3aMeTHO
OTJIMYAETCH.

doro- i pagiomominecueHnia moaiceskoro O6ypmruny. I.Mucopa, O.Karanwmap’sau,
C.Kononenro, BJRypenko, I[.I'puzopenro, B.Huwranra, M.Asapeurxos, CAsomin, M.Paxmanos.

Hasegeno pesyibTaru CHCTEMATHYHOTO IOCJIIIMKEHHS JIOMiHecIeHIlil yKpalHCBKOro Oypii-
TUHY. EKCHepUMEHTH IPOBOAMJINCA 3i 3pasKaMu 3 HATYPaJbHOro OypLIITHUHY 3 pisHuMU
disuro-ximiuaumu mapamerpamu. JliomiHecuennia sOym:kyBanaca Y®- abo peHTreHiBCbBKUM
punpominoBanaaM. Cuektpu oroaoMminecieHnii pisHux spaskis moxidui i mo0pe ampoxrcu-
MyOThcAa aBoma GyHruiamm Taycca 3 makcumymamu 2,48 i 2,95 eB. Cuexrp aromine-
cueHrii, Aka sOyI:KyBasiacsd PEHTreHiBCbKUM BUIIPOMIHIOBAHHAM, MAa€ MAKCUMYM iHTEHCH-
BHOCTi Ha JOBKHHI XBHJIi, aKa OJUBbKA 40 MaKCUMyMy y pasi YP-30ym:kenus, ogHak Gopma
ioro momiTHO BimpisHAeTbCH.
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1. Introduction

From ancient times, fossil amber has at-
tracted great interest, due to its lightness,
ability to be carved, insulating properties
[1], and its appeal as a gemstone. This ma-
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terial is the result of fossilization, over tens
of millions years, of resins from specific
plants [2]. Amber is a complex mixture of
large organic molecules and chemical ele-
ments. Different properties and the pres-
ence of impurities in amber samples can
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vary greatly depending on the formation
conditions (temperature, pressure and hu-
midity in the surrounding rocks) [3]. Amber
has a number of scientific and technical ap-
plications, but more often it is used for
making amber jewelry and raw materials for
varnish and acids. Up to 1970-s amber ac-
tively was used as one of the best insulator,
for example in high voltage and precise
electric measurement [1, 4, 5]. Nowadays
amber does not lose relevance, but also has
acquired a number of new medical applica-
tions (component of pharmaceuticals [6] and
fabrication of medical fibers [7]).

Amber is a natural polymer, which is
widely found and used in different conti-
nents. Zhao and co-workers study its "poly-
meric properties” (glass transition tempera-
ture, apparent activation energy and dy-
namic fragility) [8].

Many investigations of amber aimed to
relate physical properties and chemical com-
position to the geographical and geological
origin of the material, which is of particu-
lar interest in the case of archeological arti-
facts (see for example [9]). Mills, White,
and Gough [10] used mass spectrometry to
identify numerous components in the ether-
soluble fraction of amber. Anderson, Botto,
and their co-workers [11] expanded the
technique by using pyrolysis gas chroma-
tographic mass spectrometry (GC/ MS).
Based on the identity of the pyrolysis prod-
ucts, they defined several classifications of
the fossil. Shedrinski, Grimaldi, and co-
workers [12] also used pyrolysis GC/MS,
with a focus on identifying amber forgeries.

Amber physical and chemical properties
are well studied (see, for example [3]), but
information about optical properties is frag-
mentary except infrared technique [13].
W.C.Beck pioneered the use of infrared
spectroscopy for the characterization of
amber [2, 14]. In particular, he found diag-
nostic vibration patterns for materials from
Baltic sources. Specifically, infrared spec-
troscopy seems to be able to differentiate
the Baltic amber from other European am-
bers, whereas Raman spectroscopy can be
used for indication of the level of maturity.

Amber luminescence has always been a
criterion of its authenticity [15]. From
other side such investigation gives us the
information about quantum transitions with
characteristic energies in the range from
1.5 to 5 eV (IR spectroscopy deal with ener-
gies less than 0.5 eV). However, the lumi-
nescence spectrum data, which is often cited
by the researchers, concern only a limited
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Fig. 1. Scheme of the experimental setup.

number of amber species from different re-
gion: Dominican [2, 16], Chiapas [17], Bal-
tic [18], Burmese [19], Poland [20] and Po-
liskiy (Ukraine) [21]. It should be noted
that mentioned above studies are devoted to
photoluminescence measurements only.
Properties of amber mined in same geo-
graphic region are seriously varies. Due to
that it is hard to study that material in
absence of systematic data about large num-
ber of samples from the same source.

The paper deals with deep experimental
study of ultraviolet (UV) and X-ray lumi-
nescence in the optical wavelength range ex-
cited from large number of Poleskiy amber
specimens with different textures, transpar-
ency and color tints.

We make first attempt of systematic in-
vestigation of optical properties of the sam-
ples with different physical properties.

2. Experimental

Experiments with Poliskiy amber lumi-
nescence were performed on a setup which
block scheme is shown in Fig. 1.

Experiments were carried out using an
excitation UV-light or X-ray source. A mer-
cury lamp with filter (transparence range of
250-400 nm) was used as an UV source. A
vacuum tube with copper anode and beryl-
lium window was a source of X-ray radia-
tion. Operating voltage of the X-ray tube
was up to 60 kV and current — up to
10 mA.

The excitation radiation fell on the sam-
ple at an angle of 45 degrees. Luminescence
light was focused on the entrance slit of
grating monochromator. The resulting sig-
nal was detected by photomultiplier con-
nected to the entrance amplifier unit of the
analog-digital converter and further trans-
mitted to computer. Optical detection sys-
tem was calibrated by a spectrophotometric
filament tungsten lamp. The resulting spec-
tra were corrected to the spectral sensitivity
of the apparatus.
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Fig. 2. Photoluminescence spectra for differ-
ent amber specimens. Specimens No. 1, 2, 7,
8 are semitransparent and No. 3, 4, 5, 6, 9
are lusterless.

Luminescence of amber samples was
measured in the wavelength range from 400
to 650 nm. Each sample was obtained from
a single piece of natural Ukrainian (Rivne)
amber. At the first stage the amber was cut
to obtain plane-parallel plates with thick-
ness of 1.5-83 mm. The sample surfaces
were polished with abrasives decreasing grit
to 10 um. Specimens No. 1, 2, 7, 8 were
semitransparent and No. 3, 4, 5, 6, 9 were
lusterless.

3. Results and discussion

The photoluminescence spectra of the Po-
liskiy amber samples are shown in Fig. 2.
The luminescence spectra were similar and
had one broad band in the wavelength range
of 400-700 nm. The specimens, having
various thicknesses, morphology and trans-
parency, are characterized by different lu-
minescence intensities.

To determine the differences in the spec-
trum shapes of all specimens the normaliza-
tion procedure was applied. All spectra were
normalized to the value of the intensity at

I, a.u.
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Fig. 3. Normalized photoluminescence spectra
for amber specimens No. 1, 2, 4.

the maximum, after which the spectra were
compared.

We analyzed the normalized lumines-
cence spectra of all specimens and pointed
out 3 characteristic curves: the two ex-
tremes (see Fig. 38, specimens No. 2 and 4)
and the middle one (Fig. 3, specimen No. 1).
The other normalized spectra lay between
mentioned above extreme curves.

Fig. 8 shows that normalized spectra have
similar shapes with apparent difference in
short wavelength wing. The parameters
characterizing the normalized luminescence
spectra of different specimens are shown in
Table. The spectrum maxima lay in the
range of 450-475 nm. The differences ob-
served can be explained by various geome-
try, morphology and chemical composition
of the specimens.

Among the specimens being studied we
marked out two samples 3 and 4 having the
same morphology and lusterless color, but
different thickness of approximately
2 times (see Table). As expected the spectra
were almost identical but differed in inten-
sity about 2 times (correlation with speci-
men’s thickness). Based on that we make
assumption that luminescence radiation ex-
citation occurs throughout the entire bulk

Table. Parameters of luminescence spectra for different amber specimens

Specimen 1 2 3 4 6 7 8 9 10
Specimen thickness, mm 2 3.1 1.6 3.1 2.6 2.6 2.5 2.3 2.6
Wavelength corresponding to| 458.5 | 449.5 | 463.5 | 467 | 466.5 | 474.5 | 454 | 459.5 | 458
the spectral maximum, nm
Half-width at half-height, nm| 89 93 91 88.5 88 82.5 94.5 86.5 94.5
Spectral maximum intensity,| 3.6 3.0 4.4 7.9 3.7 5.9 5.4 6.3 3.0
arb. units
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Fig. 4. Photoluminescence normalized spectra
of amber specimens No. 1 with approximation
by two Gaussian peak (2.48 eV and 2.95 V).

of the sample, and despite of matter of the
samples the light yields from the entire ir-
radiated area.

To systematize our UV-luminescence
findings we done mathematical treatment of
the spectrum shapes for the specimens being
studied. The luminescence spectra were ap-
proximated by two Gaussian functions (see

). The Gaussian approximation is
widely used technique in spectral analysis
and this function often describes the phe-
nomenon of spontaneous emission in differ-
ent relaxation processes [22]. The mathe-
matical treatment showed that all spectra
could be approximated by two Gaussian
functions centered at 2.48+0.02 and
2.9510.05 eV with high accuracy. The
Gaussian-like spectrum confirmed a stochas-
tic character of UV-luminescence processes.
It can be assumed that there are two differ-
ent luminescence radiation sources in the
amber, but a ratio between these light
sources can be various depending on species
of Poliskiy amber.

Another important remark is that the
Poliskiy amber showed luminescence excited
by X-rays. We firstly studied visible light
emission from the amber excited by X-rays.
In we can see the normalized spectra
of UV and X-ray luminescence of one sam-
ple. As it can be seen, the spectra are simi-
lar despite the significant difference in pho-
ton energies of primary irradiation.

X-ray photons excite luminescence
through the 8 main mechanisms: the photo-
electric effect, the Compton or the Ralay
scattering. In our case, at photon energies
less than 60 keV the latter mechanism can
be ignored. We can conclude that genera-
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Fig. 5. X-ray- and UV-luminescence spectra
for amber specimen Np 2.

tion of photoelectrons is the main X-ray
absorption mechanism [22]. In our case the
estimated characteristics energy values of
photoelectrons are 500 and 3500 eV. It can
be assumed that the amber luminescence
mainly induced by the photoelectrons.

4. Conclusions

The measured spectra of UV-lumines-
cence for amber specimens with different
structure, transparency and thickness, were
similar and had one wide band shape with
maximum near 460 nm. Spectrum intensi-
ties for the various Poliskiy amber species
were proportional to the specimen thick-
ness.

It was shown that the luminescence proc-
esses had stochastic character. The shapes
of the UV-luminescence spectra were good
approximated by two Gaussian functions. It
can be probably explained by the fact that
there are two sources of Poliskiy amber
light emission in the wavelength range from
400 to 650 nm.

The Ukrainian amber luminescence ex-
cited by X-ray were measured for the first
time. The luminescence spectra induced by
UV an X-ray were similar.
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