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Abstract: Special species of Burmese amber are highly valued within the gemological market due
to their fancy optical characteristics. However, some ordinary amber species are misidentified as
precious species, which has disrupted consumers’ purchasing behavior and the market order. In this
study, seven Burmese amber species (golden, golden-blue, blood-tea, black-tea, green-tea, brownish-
red, and ‘chameleon” amber) were collected and investigated. By using conventional gemological
tests, Fourier transform infrared (FTIR), three-dimensional (3D) fluorescence, and photoluminescence
(PL) spectrometers, detailed analyses were performed on unique species. The FTIR spectra identified
that there are three groups of peaks that can distinguish Burmese amber from any other origin.
Additionally, the ‘Chameleon” amber exhibited special patterns in the third group, which might be
due to its internal aromatic hydrocarbons structures that are different from any other species. The
3D fluorescence spectra displayed that all seven species presented similar fluorescence behavior—
the 334 or 347 nm emission wavelength could be optimally excited by 240 or 294 nm excitation
wavelength in the ultraviolet region and the 380 £ 10 nm or 400 & 10 nm excitation wavelength
optimally excited the 430 nm emission wavelength in the violet region. In the red region, green-tea
amber, black-tea amber, and brownish-red amber presented totally different fluorescence behavior,
which could be regarded as a reference feature for differentiation. Obvious pink fluorescence on the
surface of the tea amber was efficiently found under PL spectra, and we firstly suggest this test could
be used as an effective way to distinguish black-tea amber from green-tea amber and some ordinary
species (such as blood-tea amber). Both the PL and 3D fluorescence measurements demonstrated the
different luminescence behavior of tea amber in the red region, which might be related to the type
and content of red fluorescent substances in the tea amber.

Keywords: Burmese amber; special amber species; optical effect amber; spectrum analysis

1. Introduction

Burmese amber is one of the most ancient ambers originating in the Cretaceous period,
and its plant source is commonly regarded as Araucariaceae [1,2]. There are three main
mines of amber in Burma: Denai, Kandi, and Tilin mines. Among them, the Denai Mine
is the oldest mining area where many species of amber, including brown, golden, blood,
and root amber species, are unearthed in abundance. The Kandi Mine is a relatively young
mining area which has been fulfilled with tea amber and ‘chameleon” amber. The age of
Myanmar amber has been confirmed as 99 million years [3], which are older than amber
from other geographic origin, so they have recorded more paleontological information and
provide greater scientific research value for paleobiology scholars [4]. However, the value of
amber itself has not been ignored. For example, the chemical composition characteristics of
amber provide an important reference value for identifying plant source, although it needs
to be combined with other disciplines such as ecological environment, geography, and
spectroscopy [5-7]. Various color fluorescence and phosphorescence phenomena caused by
the chemical composition make Myanmar amber more attractive and colorful, which is not
only favored by consumers in the market [8,9] but also attracts the interest of researchers.

Minerals 2023, 13, 151. https://doi.org/10.3390/min13020151

https:/ /www.mdpi.com/journal /minerals


https://doi.org/10.3390/min13020151
https://doi.org/10.3390/min13020151
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/minerals
https://www.mdpi.com
https://orcid.org/0000-0001-7777-8054
https://doi.org/10.3390/min13020151
https://www.mdpi.com/journal/minerals
https://www.mdpi.com/article/10.3390/min13020151?type=check_update&version=2

Minerals 2023, 13, 151

20f17

Zhang Z.Q. et al. found that [10] amber from different producing areas had differ-
ent luminescence characteristics by using three-dimensional fluorescence (3D) spectrum
testing, and Jiang X.R. et al. believed that fluorescence and phosphorescence spectra
explained the pink fluorescence and phosphorescence phenomena on the surface of tea
amber [11]. Jiang W.Q. et al. used gas chromatography-mass spectrometer (GC-MS) to ana-
lyze the chemical components of Dominican amber and confirmed that the blue fluorescent
substances were aromatic components [12]. Researchers used synchronous fluorescence
spectroscopy combined with GC-MS to explain the Baltic amber extract substance, and
believed that the fluorescence phenomena in the ultraviolet and violet region were related
to aromatic hydrocarbons such as naphthene [13]. There are four special species of Burmese
amber, as shown in Table 1.

Table 1. Burmese amber with special optical effects.

Special Species

White light

on white background

White light

On black background

Black-Tea Amber Green-Tea Amber ‘Chameleon” Amber Golden-Blue Amber
. brownish green and brownish red and light
Maroon and abelline yellowish green brownish red gold and orange
pink fluorescence on slioht pink fluorescence green fluorescence on body color and blue, bluish-purple and
the surface ghtp the surface bluish-green fluorescence

Because of the fancy colors caused by fluorescence and phosphorescence effects
(Figure 1), previous scholars have systematically summarized the gemological and spec-
tral characteristics of amber from different places [14-17]. However, commonalities and
differences in the spectral characteristics of the different amber species in Burma have not
been analyzed in-depth. Based on the special optical phenomenon as the main entry point,
identification evidence based on the photoluminescence (PL) spectra still does not exist.
In the current study, the gemological and spectral characteristics of 13 Burmese amber
samples were collected using conventional gemological methods, the Fourier transform
infrared (FTIR) spectroscopy test, 3D fluorescence spectroscopy test, and PL spectroscopy
test. The study produced findings with identification significance, and it provides richer
references for the identification of the place of origin and classification of the varieties.
Furthermore, we also discuss the presence of fluorescence substances in amber.
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Figure 1. (a) Black-tea amber; (b) green-tea amber; (c) ‘chameleon” amber; (d) golden-blue amber [18].
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2. Materials and Methods
2.1. Materials

Thirteen Myanmar amber samples were used in this study. These samples have
been classified into seven species (Figure 2): golden amber (MDG-1), golden-blue amber
(MDGB-1, MDGB-2), blood-tea amber (MDBOT-1, MDBOT-2, MDBOT-3), green-tea amber
(MDGT-1), black-tea amber (MDBAT-1, MDBAT-2), brownish-red amber (MDBR-1, MDBR-
2), and ‘chameleon” amber (MDCL-1, MDCL-2).

MDG-1
Golden amber &
MDGB-1 MDGB-2
Golden-blue amber I. (o p
i
- MDBOT-1 MDBOT-2 - MDBOT-3
Blood-tea amber i ;i \. :
“ tem lem =
’ MDGT-1
Green-tea amber .
MDBAT-1 MDBAT-2
Black-tea amber ’:
MDBR-1 MDBR-2

Brownish-red amber

MDCL-2

‘Chameleon’ amber

lem

Figure 2. Different species of amber samples from Burma.

2.2. Methods

The gemological characteristics of the amber samples, including their appearance,
ultraviolet fluorescence characteristics, relative density, and optical features, were prelim-
inary tested. The appearance features were analyzed under different light sources and
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backgrounds—strong white light on white and black backgrounds, long-wave (365 nm)
UV light under black backgrounds, and short-wave (245 nm) UV light under black back-
grounds. The hydrostatic density was determined using a Sartorius balance (BSA223S,
Sartouris, Gottingen, Germany), and the extinction characteristics of samples were obtained
under a polarizer.

The infrared spectral features (VERTEX80, Bruker, Mannheim, Germany) of amber
samples were tested via the KBr tablet method, by mixing the KBr and amber powder with
the mass fraction 100:1 approximately, with test range: 4000-400 cm ™!, step size: 4 cm ™!,
scanning time: 128 s, and scanning speed: 10 kHz, respectively. A baseline calibration was
also performed on the obtained results. The vibration information of molecular bonds in
functional groups can be obtained in this test by comparing the transmission peak position
and intensity of each sample. The 3D fluorescence spectra (FP8500, JASCO, Tokyo, Japan)
were tested using the fluorescence spectrophotometer. The excitation light source adopts a
continuously adjustable hernia light source., and the scanning speed was 2000 nm/min,
while both the bandwidths of the excitation wavelength (Ex) and emission wavelength
(Em) were 5 nm with a response time in 10 ms. The test range of the excitation wavelength
was 220-500 nm, and the data interval was 2 nm. The test range of the emission wavelength
was 240-700 nm, and the data interval was 1 nm [11]. The photoluminescence spectra
(Qspec Microscopic PL-3000, Guangzhou Biaoqi, Guangzhou, China) of the samples were
collected with the excitation light source at 405 nm with an integral time of 180 ms. The
luminescence characteristics of samples under these conditions were summarized to find
effective identification basis.

3. Results and Discussions
3.1. Gemological Characteristics

The basic gemological characteristics of the samples tested are listed in Table 2. On
the white background with natural light, the body color of amber samples were dom-
inated by yellow, yellowish brown, and dark brown. Generally, all samples presented
transparent appearances, except the brownish-red amber; the brown parts were faintly
transparent—semi-transparent. The relative density ranged from 1.027 to 1.070. The fluo-
rescence behavior was nearly the same under short-wave ultraviolet (SW UV) and long-
wave ultraviolet (LW UV), but higher intensity fluorescence was observed under LW UV
radiation. Therefore, we only recorded fluorescence features at long-wave (365 nm) UV,
which presents more identifiable information than that of short-wave (245 nm) UV. The
anomalous extinction phenomenon appeared on all samples because of the heterogeneous
characteristic of amber [19].

It was worth noting that four species, golden-blue amber (MDGB-1, MDGB-2), green-
tea amber (MDGT-1), black-tea amber (MDBAT-1, MDBAT-2), and ‘chameleon’” amber
(MDCL-1, MDCL-2), showed four kinds of special optical effect (Figure 3).

Under a black background and 365 nm UV light source, most of the amber samples
presented a bluish-violet fluorescence (Figure 4). In one case, a slight pink fluorescence was
shown (Figure 4e) [11]. Additionally, the chameleon amber (MDCL-2) revealed a visual
impression of dark green or dark white (Figure 4g).

Under the polarizer, all varieties of samples revealed an annular-banded anomalous
extinction phenomenon (Figure 5).

3.2. FTIR Spectral Analysis

It is worth pointing out that there were three groups of special position of Burmese
amber that significantly differ from other places (Figure 6a). The first spectra bands group
(Figure 6b) were recorded at 1225, 1153, 1136, and 1092 cm ™!, caused by C-O stretching
vibration which were determined by oxygen-containing functional groups. The second
group spectra bands (Figure 6c) were recorded at 1029 cm~!, due to the C-O stretching
vibration in alcohol, and 974 cm ™! caused by flexural vibration out from the C-H surface.
The third group was recorded at 851 and 812 cm ™!, caused by flexural vibration out from
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the C-H surface on the aromatic ring [20]. In the third group, there were two transmission
peaks (875 and 712 cm~ 1) in MDGB-1 samples (Figure 6d).

Table 2. Basic gemological characteristics of amber samples.

Density

Sample Colors Optical Effect Transparency (g-cm 1) LW UV
Transparent with
MDG-1 Gold — dark-colored plant 1.041 Bluish purple
inclusions
MDGB-1 Gold Both the blue fluorescence color Transparent 1.033 Bluish white
MDGB-2 Gold and yellow body color both exist P 1.027 Bluish white
MDBOT-1 Orange-yellow 1.046 Bluish violet
MDBOT-2 Orange-yellow — Transparent 1.044 Bluish violet
MDBOT-3 Orange-yellow 1.043 Bluish violet
MDGT-1 Yellowish green extremely faint pink fluorescence T?ansparent with 1.030 Bluish violet
internal cracks
. Bluish violet with
MDBAT-1 Bronzing presenting pink fluorescence Transparent 1042 pink tone
MDBAT-2 Brownish green 1.042 Bluish violet with
pink tone
MDBR-1 Claybank I’aned.Wlth Transparent—non- 1.063 purple blue
dark-brown stripes —
Claybank mixed with transparent
MDBR-2 dark-brown stripes 1.064 purple blue
MDCL-1 Brownish red Dark green fluorescence on Tra.ansparent 1.070 Bluish purple and mildly
the appearance with cracks dark and green on surface
Transparent,
Green fluorescence with obvious with partial Bluish purple and mildly
MDCL-2 Brown white and dark tone dark-colored 1.048 dark on surface
inclusions

* All the samples were observed under strong white light on a black background.

Figure 3. Amber species with special optical effect phenomena are shown on the black background
with strong light: (a) golden-blue amber (MDGB-1); (b) green-tea amber (MDGT-1); (c) black-tea
amber (MDBAT-2); (d) ‘chameleon” amber (MDCL-1).
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Figure 4. Long-wave ultraviolet fluorescence phenomenon of seven species of amber. (a) golden
amber (MDG-1); (b) golden-blue amber (MDGB-2); (c) blood-tea amber (MDBOT-2); (d) green-tea
amber (MDGT-1); (e) black-tea amber (MDBAT-2); (f) brownish-red amber (MDBR-2); (g) ‘chameleon’
(MDCL-1).

Figure 5. Anomalous extinction phenomenon: (a) golden amber (MDG-1); (b) golden-blue amber
(MDGB-2); (c) blood-tea amber (MDBOT-2); (d) green-tea amber (MDGT-1); (e) black-tea amber
(MDBAT-1); (f) brownish-red amber (MDBR-2); (g) ‘chameleon’(MDCL-2).

In this test, we gained more peaks by optimizing the test parameters compared with
previous work [21]. Burmese amber was recorded at 1225 ecm~ 1, 1153 em™1, 1136 em ™1,
1092 cm~1,1029 cm™~1, 974 cm~1, 851 em™!, and 812 cm~ L. Firstly, Burmese amber lacked
the ‘Baltic shoulder’ feature and 888cm™ which helps to distinguish it from Baltic am-
ber. Secondly, the characteristic peaks of Dominican Amber were recorded at 1244 cm ™!,
1174 cm~1, 1148 cm !, 1130 cm !, and 1104 cm !, and the characteristic peaks of Mexican
Amber were recorded at 1241 cm™1, 1170 cm™1, 1142 cm™1, 1105 cm ™1, and 888 cm 1. It is
clear that their peak positions in the first group are significantly different from Burmese
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amber and they lacked the second and third group peaks that Burmese amber possessed.
Finally, the characteristic peaks of Funshun Amber were recorded at 1229 cm !, 1180 cm ™!,
1153 em 1, 1138 em ™1, 1093 ecm ™!, 852 cm !, and 813 cm~!. Fushun amber lacked the
second group of peaks that Burmese amber possessed.

MDBAT-1

MDCL-1

MDCL-2 oS

\||;|:||A(/.'|\\‘ r’/“ “r\‘l, ‘/WW\"’//M "N\ L/ -

797

2000 1800 1600

1400

1200 1000 800 600 400 1350 1050 1050 900 900 700

Wavenumber (em™) Wavenumber (em™) Wavenumber (cm™) Wavenumber (em™)

Figure 6. (a) Infrared spectra of different amber species from Burma; (b) the first group spectra peaks
(1350 em~1~1050 cm~1); (c) the second group spectra peaks (1050 cm~1~900 cm™1); (d) the third
group spectra peaks (900 cm™1~700 cm ™).

In the ‘chameleon” amber samples (MDCL-1, MDCL-2), the relative intensity of the
first and second group was significantly lower than other samples—its curve shape was
wide and smooth. Moreover, the characteristic peaks at 812 and 797 cm~! in the third
group were also different from other optical samples. The spectra region between 900
and 700 cm~! indicated the aromatic hydrocarbon structure and differences in the peak
positions in this region, and it may reflect the isomerization of aromatic hydrogen. It is
supposed that the internal aromatic hydrocarbon compound structures in ‘Chameleon” are
significantly different from those in other varieties of amber [22].

3.3. 3D Fluorescence Spectra

In this section, we presented 3D fluorescence characteristics according to species
classification. We selected a sample of each species for detailed explanation. They were
MDG-1, MDGB-2, MDBOT-1, MDGT-1, MDBAT-2, MDBR-1, and MDCL-1.

3.3.1. Golden Amber

The 3D fluorescence spectra of the amber species were collected. In the violet region,
it was found that the 430 nm emission wavelength of the golden amber can be optimally
excited via the 380 nm or 400 nm excitation wavelength. In the ultraviolet region, it was
found that the optimal excitation center corresponding to the 347 nm emission wavelength
is 240 or 294 nm (Figure 7).

3.3.2. Golden-Blue Amber

The golden-blue amber revealed two strong fluorescence centers in the violet region.
The 430 nm emission wavelength was optimally excited via the 380 and 400 nm excitation
wavelength at the same time. A luminescence center was revealed in the blue region,
and the 440 nm excitation wavelength was found to optimally excite the 475 nm emission
wavelength. In the ultraviolet region, the 240 nm excitation wavelength was found to
optimally excite the emission wavelength at 349 nm (Figure 8).
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Figure 7. 3D fluorescence spectra, characteristic excitation spectra, and emission spectra of the golden
amber sample (MDG-1).
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Figure 8. 3D fluorescence spectra, characteristic excitation spectra, and emission spectra of the
golden-blue amber sample (MDGB-2).
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3.3.3. Blood-Tea Amber

The test results for the three pieces of blood-tea amber revealed good uniformity. The
excitation wavelengths (364 and 372 nm) of the blood-tea amber in the violet region were
found to correspond to the optimal emission centers of 412 and 428 nm, respectively. The
excitation wavelength at 240 or 294 nm in the ultraviolet region may optimally excite the
fluorescence emission peaks centered at 347 and 334 nm (Figure 9).

Emission Spectra

2500
—— Ex = 240nm|} MDBOT
—— Ex = 294nm|F 2000
%" — Ex =364nm| 1500
g —— Ex = 372nm|[
Q L
= _ 1000
[
- 500
T T T =T 0 o 5‘ 7 8 g
240 300 400 500 600 700 e 8 8 8 8 8
500 " 1 " 1 " 1 1 L
g mt mm
E 1000 3 3 3 E
= 450 -~ o
S’ S L R
,ﬂ 0. 000 ] L.J‘; fl 5 %
) =R I |
o 583535 gg
% / 400 - €.
= 37 y : =
364 o
= , 350 =t
=) w
) ]
2 S
S 204 300 1 =
>
s l
250 -
s
240 5
220 1
334 347 412 428 ]
Intensity

Emission Wavelength (nm)

Figure 9. 3D fluorescence spectra, characteristic excitation spectra, and emission spectra of the
blood-tea amber sample (MDBOT-1).

3.3.4. Green-Tea Amber

The green-tea amber samples were found to possess a faint fluorescence center in the
red region. The 408 nm excitation wavelength excited the 642 nm emission wavelength. In
the violet region, there were two strong luminescence centers. The 378 nm excitation wave-
length optimally excited the 426 nm emission center, and the 400 nm excitation wavelength
optimally excited the 430 nm emission wavelength. In the blue region, the 440 nm excita-
tion wavelength excited the 474 nm emission wavelength, and the fluorescence intensity
of this center is second only to the strongest one. Since the golden-blue amber was found
to possess the same luminescence center in the blue region, it cannot be used as strong
evidence to differentiate between green-tea and golden-blue amber. In the ultraviolet area,
the 240 nm excitation wavelength was found to excite the 348 nm emission wavelength
(Figure 10).
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Figure 10. 3D fluorescence spectra, the characteristic excitation spectra, and emission spectra of the
green-tea amber sample (MDGT-1).

3.3.5. Black-Tea Amber

In the red region, the 400 nm excitation wavelength of the black-tea amber was found
to optimally excite the 645 nm emission wavelength. The 410 nm excitation wavelength
optimally excited the 624 nm emission wavelength. In the violet region, the 364 nm
excitation wavelength was found to optimally excite the 412 nm emission wavelength.
Additionally, the 372 nm excitation wavelength optimally excited the 432 nm emission
wavelength. In the ultraviolet region, the 335 and 347 nm emission wavelengths were
simultaneously excited by the 240 and 294 nm excitation wavelengths at the same time
(Figure 11).

3.3.6. Brownish-Red Amber

In the red region, the 410 nm excitation wavelength of brownish-red amber was found
to optimally excite the 623 nm emission wavelength, and the strength of this was extremely
weak. There were three strong fluroescence centers in the blue-violet region. The 276, 386,
374, and 402 nm excitation wavelengths were all found to effectively excite the 440 nm
emission wavelength. Moreover, the 276 nm excitation wavelength was found to optimally
excite the 419 nm emission wavelength, the 374 nm excitation wavelength excited the
428 nm emission wavelength, and the 402 nm excitation wavelength excited the 440 nm
emission wavelength. Relatively speaking, the brownish-red amber was found to possess
more excitation centers under the emission wavelength conditions centered at 430 nm
compared with the other amber species. In the ultraviolet region, the optimal excitation
centers corresponding to the 347 nm emission wavelength were 238 and 294 nm. Further,
the 328 nm excitation wavelength was found to optimally excite the 360 nm emission
wavelength (Figure 12).
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Figure 11. 3D fluorescence spectra, the characteristic excitation spectra, and emission spectra of the
black-tea amber sample (MDBAT-2).
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Figure 12. 3D fluorescence spectra, the characteristic excitation spectra, and emission spectra of the
brownish-red amber sample (MDBR-1).
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3.3.7. ‘Chameleon” Amber

In the violet region, the 432 nm emission wavelength was optimally and simultane-
ously excited by the 382 and 402 nm emission wavelengths. In the ultraviolet region, the
238 and 294 nm excitation wavelength optimally excited the 334 and 344 nm emission
wavelength. In addition to this, there was a 410 nm faint emission peak under the 294 nm
excitation wavelength condition (Figure 13).

Emission Spectra
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Figure 13. 3D fluorescence spectra, the characteristic excitation spectra, and emission spectra of the
‘chameleon” amber sample (MDCL-1).

In relation to previous studies, the 3D fluorescence spectral characteristics of the
different Burmese amber species were summarized as follows. In the ultraviolet region, the
emission peak had strong regularity of luminescence centers. Generally speaking, 240 or
294 nm optimally excited the 334 or 347 nm emission wavelength. In the violet region,
the major luminescence center of 380 4+ 10 nm or 400 + 10 nm excitation wavelength
optimally excited the 430 nm emission wavelength, and the 364 nm excitation wavelength
optimally excited the 412 nm emission wavelength. The above-mentioned luminescence
characteristics enable identification of the places of origin of the amber under study [10].
Brownish-red ambers have three luminescent centers in the violet region, while the rest only
have two centers. In the blue region, it can be said that the 440 nm wavelength optimally
excites the 475 nm emission wavelength; this is because green-tea amber and golden-blue
amber may possess the luminescence center. This, however, does not provide a reference
point to distinguish between green-tea and golden-blue amber.
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In the red-region, only the black-tea, green-tea, and brownish-red amber possessed the
luminescence phenomenon; however, they possessed different luminescence characteristics.
Such differences can provide references to distinguish between green-tea amber, black-tea
amber, and brownish-red amber. Black-tea amber was found to have two luminescence
centers. The optimal excitation and emission wavelengths were determined as 400 nm and
645 nm, as well as 410 nm and 624 nm, respectively. The green-tea amber and brownish-red
amber possessed one center. For the former, the 408 nm excitation wavelength was found
to optimally excite the 642 nm emission wavelength. For the latter, the 410 nm excitation
wavelength optimally excited the 623 nm emission wavelength. Based on a comparison
of the black-tea, green-tea, and brownish-red amber, the black-tea amber possessed a
more obvious luminescence center. 3D fluorescence spectrometry can provide detailed
spectral information and it might be useful for help finding the substance which caused
the fluorescence phenomenon [23]. However, limitations remain (i.e., there is a high cost
associated with the time it takes for testing and there is relatively low resolution in some
intervals). The fluorescence characteristics of all samples are summarized in Table 3.

Table 3. Summary of luminescence centers of the different amber species from Burma.

Samples Red-Light Area/nm Blue-Light Area/nm Purple-Light Area/nm UV-Light Area/nm
Ex Em Ex Em Ex Em Ex Em
MDG-1 380/400 430 240/294 347
MDGB-1 380/400 430 240 347/401
MDGB-2 440 475 380/400 430 240 349
MDGT-1 408 640 440 474 378 426 240 348
400 430
364 412 240/294 334/347
MDBOT-1 372 428
MDBOT-2
MDBOT-3 Same as MDBOT-1
400 648 360 408 240/294 335/347
MDBAT-1 410 625
400 645 364 412 240/294 347
MDBAT-2 410 624 372 432
MDBR-1 386 441 238/294 347
374 428/440 328 360
410 623 402 437
276 419/438
MDBR-2 Same as MDBR-1
MDCL-1 382/402 432 238 334/344
294 334/(344,410)
MDCL-2 388/406 440 240/295 335/350
274 360/415

3.4. Photoluminescence Spectral Characteristics

The luminescence spectra of Burmese amber usually have 2—4 luminescence
centers [15,24,25], and they were recorded at 443, 467, and 483 nm in the blue-violet
region and near 625 and 650 nm in the red region. The photoluminescence centers of all
samples are summarized in Table 4.

It was found that ‘chameleon” amber, golden amber, golden-blue amber, brownish-red
amber, and green-tea amber possessed two luminescence centers near 443 and 465 nm in
the blue-violet region. The left peak of MDGB-1 possessed a luminescence center at 437 nm,
and this moved toward the blue-violet region. The brownish-red amber had two extremely
faint luminescence peaks at 625 and 650 nm in the red region. The green-tea amber had an
extremely faint luminescence center at 650 nm in the red region (Figure 14).

The luminescence centers of the blood-tea and black-tea amber in the blue-violet
region were found to be near 467 and 483 nm (Figure 15). Moreover, the black-tea amber
had luminescence centers at 625 and 650 nm in the red-light area. The right peak (650 nm)
was far higher than the left peak (625 nm).
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Table 4. Summary of photoluminescence centers of different species of Burmese amber.

Samples Blue Region/nm Red Region/nm
MDG-1 441 465 - -
MDGB-1 437 464 - -
MDGB-2 443 466 - -
MDGT-1 443 465 - 648
MDBR-1 444 466 624 649
MDBR-2 446 467 624 649
MDCL-1 443 464 - -
MDCL-2 442 464 - -
MDBOT-1 467 483 - -
MDBOT-2 467 483 - -
MDBOT-3 467 483 - -
MDBAT-1 470 483 625 652
MDBAT-2 468 483 625 650
— MDG-1
— MDGB-1
—— MDGB-2
—— MDGT-1
MDBR-1
—— MDBR-2
MDCL-1
2
R7) MDCL-2
(S
3
he

" T 4 T i T : 1
200 400 600 800 1000
WaveLength (nm)

Figure 14. Photoluminescence spectral diagrams of the gold amber, chameleon, golden-blue amber,
and brownish-red amber.

The current study revealed that the luminescence characteristics in the blue-violet
region can be used to distinguish black-tea amber from brownish-red amber, golden
amber, golden-blue amber, green-tea amber, and ‘chameleon” amber. The luminescence
characteristics in the red region could be used to distinguish black-tea amber from blood-tea
amber and green-tea amber in this situation, where both are similar in appearance to black-
tea amber on the white background and are difficult to distinguish. The use of this method
can help to address the disorder phenomena in the market dictating that ordinary amber
species have been purchased as black-tea amber. Besides, it was found that tea amber and
brownish-red amber possessed luminescence centers in the red region. However, green-
tea amber only possessed one luminescence center (650 nm), while black-tea amber and
brownish-red amber possessed two (625 and 650 nm). Moreover, the luminescence peak
intensity of the black-tea amber at 650 nm was far higher than those of green-tea amber and
brownish-red amber. It can be said that this is related to the pink fluorescence of the surface
of the tea amber. Furthermore, the pink fluorescence of the black-tea amber was found
to be more obvious than that of the green-tea amber. Compared with the use of the 3D
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fluorescence spectra, testing using the photoluminescence spectra effectively differentiated
black-tea amber from other amber species (e.g., blood-tea and green-tea amber).

——MDBOT-1
—— MDBOT-2
—MDBOT-3
— MDBAT-1

MDBAT-2

Intensity

! 1 ' | I I
200 400 600 800 1000
WaveLength (nm)

Figure 15. Photoluminescence spectral diagrams of the blood-tea and black-tea amber.

In terms of amber that possesses special fluorescence phenomena, it is thought that
this may be related to its internal chemical components, particularly its aromatic substances.
Since aromatic substances have a relatively strong conjugated structure, they can satisfy
n—7* transition, which has given the amber its rich fluorescence and phosphorescence
effect. The 3D fluorescence spectra and photoluminescence spectra reflect differences in
luminescence features in the red region. In relation to previous studies, it has been thought
that amber may contain several fluorescent substances. Except for the different substances
in the amber species, the content of the substance may represent one of the most important
reasons for the fluorescence phenomena [13]. Determining the chemical components in
amber that may cause red fluorescence represents an area for future research.

4. Conclusions

Amber from Burma was generally transparent ~ semi-transparent, with a relative
density that ranged from 1.027~1.070. On the black background under exposure to strong
light, a pink fluorescence on the tea amber surface, the ‘green membrane’ phenomenon
on the ‘chameleon’ surface, and a blue fluorescence on the golden-blue amber develop. It
was found that the ultraviolet fluorescence of tea amber gives off a near pink color under
a long- and short-wave UV lamp, and the ‘chameleon’ surface presented white and dark
fluorescence. The other amber species revealed different degrees of blue-violet fluorescence.
An anomalous extinction was developed under the nicol.

Seven kinds of special Burmese amber were analyzed. The FITR spectra provided
sufficient evidence—three groups of peaks: (i) 1225, 1153, 1136, and 1092 em~1; (ii) 1029 and
974 cm~!; and (iii) 851 and 812 cm~!—to distinguish Burmese amber from other areas
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of origin. This work can help trace the area of origin of amber worldwide. It was also
important to point out that the intensity of ‘Chameleon” amber was lower than that of other
species, and the different patterns in the third group reflected that the internal aromatic
hydrocarbon compound structures in ‘Chameleon’ are significantly different from those
in other varieties of amber. 3D fluorescence spectra revealed the luminous characteristics
of amber. Fluorescence behavior of all seven species presented similar regularity in the
ultraviolet region and violet region. Thus, it helps to identify whether the amber came
from Myanmar. The illumination centers in the red region were observed in green-tea
amber, black-tea amber, and brownish-red amber. Furthermore, the positions of these
illumination centers were different, which can be used to distinguish them. The slight
pink color fluorescence was also observed on the surface of green-tea amber and black-tea
amber, and it was identified in 3D fluorescence spectra. It is worth emphasizing that this
feature was also reflected on the PL spectrum effectively; peaks at 625 and 650 nm were
both found in black-tea amber and a 650 nm peak was found in green tea amber. Based on
the results of the PL spectrum (differences between special species and ordinary species),
we discovered that the PL spectra test can offer an effective method to distinguish black-tea
amber from green-tea amber and some other ordinary species (e.g., blood-tea amber).
The difference of pink color fluorescence on the surface of tea amber was speculated as
being caused by the different fluorescent substances and their content. Gemological tests
and spectroscopic tests are helpful for area origin tracing and variety differentiation. In
particular, the high efficiency of PL improves the detection efficiency of gemstones. This
will provide inspiration and ideas for future gemstone detection and scientific research.
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