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Amber shows various luminescence phenomena under UV illumination. Amber with very strong blue fluores-
cence under sunlight or D65 illumination can appear blue to the unaided eye when placed on a black back-
ground. Amber showing this effect is highly sought after in the Chinese gem market and referred to as “blue
amber.” Almost all commercial blue amber is mined from the Dominican Republic, Mexico, and Myanmar. In
this study, we collected and characterized the appearance, gemological properties, UV-visible light absorption
spectra, and 3D fluorescence spectra of blue amber from these three producing areas. The results show that
blue amber from the Dominican Republic generally emits much stronger fluorescence than the other two origins,
with narrow triple-peak emissions near 450, 474, and 508 nm. Mexican and Burmese excitation-emission maps
present several distinct emission and excitation wavelengths. Additionally, distinctive UV/visible/near-infrared
absorptions at 412 and 441 nm appeared only in blue amber from the Dominican Republic. The combination
of appearance, UV-Vis-NIR spectroscopy, and excitation-emission mapping may assist in the separation of blue

amber from these three localities.

It is of interest not merely as an important
natural fossil resin witnessing the history of
the earth and providing direct evidence for paleobi-
ologists, but also as a widely loved organic gemstone.
Transparent yellow amber from the Dominican Re-
public, Mexico, and Myanmar displaying a blue or
greenish blue glow when viewed on a black back-
ground in normal sunlight is called “blue amber” in
the Chinese gem trade. This paper focuses on amber
displaying this characteristic and will refer to this
material as blue amber. In the Guangzhou and Shen-
zhen amber trading centers, Dominican blue amber
can be sold for up to thousands of Chinese RMB
(around several hundred U.S. dollars) per gram, while
Mexican material fetches only several hundred RMB
(around several tens of U.S. dollars) per gram—even
though they have a similar appearance.
Bellani et al. (2005) first described blue amber and
studied the fluorescence emission, excitation, and
optical absorption spectra of Dominican blue and

ﬁ mber is widely distributed around the world.
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non-blue (including yellow and red varieties) amber.
They found that multiple emission fluorescence
peaks at 449 nm, 476 nm, and 505 nm occurred in
this blue amber, while only a broad fluorescence
band was observed in non-blue amber. They further

In Brief

e Amber that shows strong blue fluorescence under day-
light is called “blue amber” in the Chinese gem market.
These can be classified into blue and blue-green
groups.

¢ The main production areas are the Dominican Repub-
lic, Myanmar, and Mexico.

¢ 3D fluorescence spectroscopy showed distinct features
among these groups and localities.

e The combination of appearance, UV-Vis-NIR spec-
troscopy, and excitation-emission mapping may as-
sist in the separation of blue amber from these three
localities.

proposed that perylene (a polycyclic aromatic hydro-
carbon, C,;H ,) was the fluorophore for Dominican
blue amber by comparing the emission spectra and
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Figure 1. Commercial blue amber beads from the Dominican Republic (left, about 6-15 mm in diameter), Mexico
(center, approximately 10 mm), and Myanmar (right, approximately 5 mm) have very similar appearances. The il-
Iumination source is a handheld D65 light. Photos by Y. Wang.

fluorescence lifetime with the fluorescence spectra
documented in the handbook by Berlman (1971). Liu
et al. (2014) found blue amber’s fluorescence to be
confined to the surface, and further illustrated that a
black background could enhance the visibility of the
fluorescence by reducing the amount of scattered
light that reaches the eye. Chekryzhov et al. (2014)
and Bechtel et al. (2016) discussed the luminescence
properties and the hydrocarbon composition of blue
amber from the Russian Far East, but they did not
give a possible cause of the blue fluorescence. Re-
cently, Jiang et al. (2017) analyzed the fluorescence
emission wavelengths and optimal excitation wave-
lengths, aiming to distinguish Dominican from Mex-
ican and Burmese blue amber. Additionally, the
fluorescence properties of Baltic Sea and Ukrainian
amber have been described using conventional and
synchronous fluorescence spectrometers (Ma-
tuszewska and Czaja, 2002; Mysiura et al., 2017).
The main purpose of this work is to fully charac-
terize blue amber from the Dominican Republic,
Mexico, and Myanmar, as well as to compare their
gemological properties, UV-Vis-NIR spectra, and 3D
fluorescence spectra. To make the following discus-
sion more applicable to practical identification work-
flow, we classify these amber samples according to
their apparent fluorescence colors (blue, greenish
blue, and non-blue) and then discuss the difference
in EEM (also known as 3D fluorescence spectra, ex-
citation-emission matrix, or excitation-emission
mapping) from different origins in each category.

SAMPLES AND METHODS

Samples. For this study, we contacted merchants in
the Chinese gem trade who dealt mainly with spe-
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cific amber species and could provide samples with
reliable origins as well as current market informa-
tion. Figure 1 shows commercial blue amber beads
from three sources. We tested a total of 247 amber
specimens (including beads, fragments, and jewelry
pieces) reportedly from the Dominican Republic
(109), Mexico (47), and Myanmar (91).

Gemological Testing. Standard gemological and spec-
troscopic testing were all performed at the Gemmo-
logical Institute of China University of Geosciences
(Wuhan). Specific gravity (SG) values were deter-
mined hydrostatically using a Sartorius BT 224 S bal-
ance. Refractive indices (RI) were measured with a
GR-6 refractometer produced by Wuhan Xueyuan
Jewelry Technology Co. Ltd. Reaction to long-wave
ultraviolet light (LWUV: 365 nm) and short-wave ul-
traviolet light (SWUV: 254 nm) was observed using a
standard handheld gemological 4W UV light source
(mercury bulb), also made by Wuhan Xueyuan Jew-
elry Technology Co. Ltd. Samples and inclusions
were observed and photographed using a Leica M205
A microscope and a Nikon D810 camera. For each
bead, two sets of images were captured—one on a
white background and the other on a black back-
ground, to show the difference in appearance.

UV-Vis-NIR Spectroscopy. UV/visible/near-infrared
absorption spectra were measured in transmission
mode with a PerkinElmer Lambda 650 S spectropho-
tometer. Spectral scans were collected from 250 to
800 nm with a speed of 266.75 nm/min and a data
interval of 1.00 nm. The detector response was set at
0.2 s. To successfully perform transmission spec-
troscopy, the samples needed to be prepared as slices;
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Figure 2. Assembled photos of selected samples representing various types of amber discussed in the text. The pho-
tos on the left were taken in a light box under D65 illumination with the samples placed on a standard white back-
ground, and those on the right were taken in a light box under D65 illumination with the samples placed on a black
velvet background. All photos have variable magnification for optimal display. Samples 1-12 are from the Domini-
can Republic (B-type: 1-7, GB-type: 8-11, NB-type: 12); samples 13-16 are from Mexico (B-type: 13-14, GB-type: 15~
16); and samples 17 and 18 are from Myanmar (B-type). Photos by Z. Zhang.

all slices were less than 0.5 mm in thickness. It is not
possible to perform this type of destructive testing
on samples intended for jewelry.

Fluorescence Spectroscopy. All fluorescence spectra
were recorded at room temperature using a Jasco FP-
8500 fluorescence spectrometer (see box A). 3D flu-
orescence spectral data (i.e., EEM) was collected
with a 2000 nm/min scan speed. The excitation
wavelengths varied from 220 to 500 nm, with a step
size of 5 nm and an excitation bandwidth of 5 nm.
The emission spectra were collected with a starting
wavelength 10 nm longer than the excitation wave-
length and up to 750 nm, with the bandwidth set to
5 nm and a data interval of 1 nm. The beam size was
fixed with a 3 mm diameter aperture. In order to
keep the illuminated area constant, the sample was
placed in a fixed position in a sample holder with a
2 mm diameter opening (see figure A-2). Each EEM,
made up of 57 individual emission scans, usually
took about 20 minutes to collect. The final EEM
spectra appeared similar to a contour map with color
coding to indicate the strength of the fluorescence
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emission peaks or bands under various excitation
wavelengths (see box B).

After identifying the main emission peaks, spe-
cific excitation wavelengths were chosen and finer-
resolution emission scans were performed to obtain
more detailed spectra for these specific excitation
wavelengths. These scans were conducted with the
excitation bandwidth set to 2.5 nm, emission band-
width 1 nm, and the data interval 1 nm.

Data Collection. All data were recorded using Spec-
tra Manager II software from Jasco. The same soft-
ware package was used to construct the EEMs from
57 rows and 511 columns of data; higher-resolution
emission spectra were drawn as typical two-dimen-
sional plots using plotting software.

RESULTS

Standard Gemological Properties. All samples were
colorless to yellow to orange under a standard D65
light when placed on a white background, but the
Burmese samples tended to have a richer yellow
color. However, when viewed on a black background
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Box A: FLUORESCENCE SPECTROMETER AND EXPERIMENTAL GEOMETRY

Fluorescence spectroscopy has been applied to study the
fluorescence of liquids and solid-state luminescent ma-
terials. The instrument is called a spectrofluorometer,
and it records detailed information about the fluores-
cence emission spectrum under different excitation
wavelengths as well as the excitation efficiency of a par-
ticular emission wavelength. This is done by fixing the
emission wavelength and scanning through different ex-
citation wavelengths (thus producing what is known as
an excitation spectrum).

In a typical spectrofluorometer instrument for ana-
lyzing fluorescing liquids, the measurement geometry
for the excitation beam, the sample, and the emission
beam is set at 90° (Lakowicz, 2006; figure A-1). In this
mode, the excitation light travels through the sample
and the collected emission light travels through the
same distance in the sample. The emission measured is
the accumulation of the luminescence along the whole
optical path, which is greatly affected by self-absorption
and secondary fluorescence. Liu et al. (2014) pointed out
that amber’s fluorescence occurs mainly on the surface;
therefore, a front-surface geometry determination can
substantially remove the self-absorption and secondary
fluorescence effect (Parker, 1968; Birks, 1974; Airado-Ro-
driguez et al., 2011).

We performed our experiment using a Jasco FP-8500
spectrofluorometer equipped with a 150 W xenon lamp
and a special accessory (EFA-833). This accessory pro-
vides a preferred geometry for this study: front-surface
mode with an incident angle (between the incident ex-
citation beam and the normal of the sample surface) of

Detector

Figure A-1.
Schematic of
the geometric
arrangement for
observation of
fluorescence in

=

Excitation .
beam a classic spec-
@ trofluorometer
(Lakowicz,
2006).

approximately 45° (schematic shown in figure A-2). At
the same time, no sample pre-treatment is required,
which makes this a truly nondestructive test.

In the FP-8500 fluorescence spectrometer, the maxi-
mum emission intensity (I) is limited to 10000 arbitrary
units (a.u.), and the actual measurement requires adjust-
ing several measurement parameters such as the size of
the slit on the accessory controlling the incident beam,
the voltage on the photomultiplier (PMT), and other pa-
rameters. In our EEM measurements, all parameters
were fixed manually so that the relative intensities of
the fluorescence given out by each amber sample from
the obtained spectra could be directly compared.

OPTICAL SYSTEM OF EPIFLUORESCENCE UNIT

Quartz window plate
Accepts a sample

Sample) Sample holder opening

Figure A-2. Schematic of
the EFA-833 optical ac-
cessory attached to the
Jasco FP-8500 instru-
ment used in this study
(redrawn by Z. Zhang,
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handbook). We used a

Mirror 3
front-surface geometry
Lens 4 to minimize the influ-
Lens 5

ence of self-absorption
and secondary emission
effects on measurements
of solid samples. This
geometry also accom-
modates gemstones.
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Box B: 3D FLUORESCENCE SPECTRA

3D fluorescence spectra are also known as excitation-  Each vertical cross section is an excitation spectrum,
emission matrices or excitation-emission maps (EEM).  which shows the efficiency of emission by scanning
The data collection is conducted by starting with the  through various excitation wavelengths, while holding
shortest excitation wavelength and an emission scan  constant at a single emission wavelength.

from a wavelength 10 nm longer than the excitation Some commonly encountered terms and their sym-
wavelength to a set ending point. The excitation wave-  bols for expressing characteristics of 3D fluorescence
length is increased by a set step size, and the emission  spectra used in the main text are presented in table B-1.
scan is started again from a wavelength 10 nm longer
than the new excitation wavelength to the ending wave-
length. This is repeated until the set excitation wave-
length range is complete. As shown in figure B-1, these

TABLE B-1. Summary of relevant terms and symbols.

. . Symbol Meanin
data are commonly plotted in emission wavelength (nm) Y 8
versus excitation wavelength (nm), with intensity (a.u.) e Emission wavelength
as the third dimension, either plotted directly or refer- A, Excitation wavelength
encing a COIOI_COdeq cor.ltour map. .In these maps, ee.lch L messonm  INtensity of fluorescence at emission wavelength of
horizontal cross section is an emission spectrum, which M 450 nm
indicates the intensity distribution of emission wave- . -
. o l Intensity of fluorescence at all emission wavelengths
lengths, measured at a single excitation wavelength. hem
A B
8000 . 500
=
E
3 =
s =1 I
=
E 5 z .
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o e Z three-dimensional
g o 2 plot and contour
= 8 % G map (A and B)
= = from a Dominican
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Mgy, - e IR shows three ex-
€0 500 500 tremal emission
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TABLE 1. Summary of gemological properties of all samples.

Locality Dominican Republic Mexico Myanmar
Total no. of samples 109 47 91

No. of B-type 74 22 5

No. of GB-type 29 22

No. of NB-type 6 3 86
Color observed on a white background | Colorless to yellow to orange | Colorless to yellow to orange Yellow
Transparency Transparent Transparent Transparent
SG 1.032-1.051 1.030-1.048 1.024-1.042
RI 1.54 1.54 1.54

Internal features

Usually clean. For all three sources, sporadic tiny red solid inclusions were observed. Some tiny
bubbles were observed in Burmese samples.

LWUV: Very strong to weak
blue fluorescence

SWUV: Weak blue
fluorescence to inert

Fluorescence reaction

LWUV: Medium violetish blue
fluorescence

SWUV: Weak violetish blue
fluorescence to inert

LWUV: Strong to weak blue
fluorescence

SWUV: Weak blue
fluorescence to inert

Phosphorescence Faint greenish yellow

Faint greenish yellow Evident yellow

under a standard D65 light source, three types of color
appearance were easily identified—Dblue fluorescence
(B-type), greenish blue fluorescence (GB-type), and flu-
orescence that was too weak to see and thus labeled
as non-blue amber (NB-type) (such as the examples
seen in figure 2). Liu et al. (2014) attributed the color
appearance change from yellow to blue to the super-
position of the reflected light with its fluorescence.
Most blue amber in the market has an evenly distrib-
uted blue or greenish blue color across the entire sur-
face. Among all 247 samples we studied, we found
that those from the Dominican Republic and Mexico
included both B- and GB-types, while Myanmar had
only B-type. NB-type amber occurred in all three
sources.

Table 1 summarizes the samples by color appear-
ance and the results of standard gemological testing.
The RI values by spot measurement were all 1.54,
while the SG values ranged from 1.032 to 1.051 for
material from the Dominican Republic, 1.030 to
1.048 for material from Mexico, and 1.024 to 1.042
for material from Myanmar. When observed under
the microscope, the samples were quite transparent,
with a few tiny internal features. The fluorescence
response was typically LWUV > SWUYV, with or with-
out the phosphorescence. Under LWUV illumina-
tion, Dominican and Mexican blue amber showed
blue fluorescence, while the Burmese samples some-
times displayed a violetish blue fluorescence.

UV-Vis-NIR Spectroscopy. We collected in total 178
spectra from 81 Dominican amber samples (includ-
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ing 76 B- and GB-type, and 5 NB-type), 44 Mexican
amber samples, and 53 Burmese amber samples. Typ-
ical UV-Vis-NIR absorption curves for blue amber are
shown in figure 3. We noticed that the absorption
edges of samples from all three origins were similarly
located at about 400 nm. A tailing absorption from
400 to 500 nm indicates that when mixed-wave-
length sunlight strikes blue amber, wavelengths
shorter than 400 nm cannot penetrate deeply, while
light between 400 and 500 nm may be able to pene-
trate a little deeper, resulting in a yellowish body-
color. In Dominican blue amber samples, two
distinctive absorption peaks occurred at 412 and 441
nm as well, thus further limiting the 400-450 nm
light penetration for Dominican samples. These two
peaks are distinctive features for blue amber from the
Dominican Republic and were not detected in mate-
rial from Mexico or Myanmar. However, both the
size (or thickness) and the color of samples impact
the detection results, so this test has its limitations
in real-world gem testing.

Fluorescence Spectroscopy. A brief introduction to
3D fluorescence spectra (EEMs) and relevant terms
and symbols are provided in box B.

After collecting 3D fluorescence spectra of all sam-
ples, totaling 247 EEM spectra, we found that the flu-
orescence intensity varied in different samples, while
the excitation-emission maps had similar features for
samples of the same type from the same origin. To de-
scribe blue amber fluorescence features in detail, we
selected 18 samples (numbered and shown in figure
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2), which had typical EEMs representing the various
groups of all blue amber in this study. They included
11 pieces of B-type with different fluorescence inten-
sity (samples 1-7 from the Dominican Republic, 13-
14 from Mexico, and 17-18 from Myanmar); six beads
of GB-type with different fluorescence intensity (sam-
ples 8-11 from the Dominican Republic and 15-16
from Mexico); and one non-blue amber (sample 12)
from the Dominican Republic.

Fluorescence of B-Type Amber. Figure 4 compares
the 3D fluorescence spectra and significant emission
and excitation curves of B-type amber from the Do-
minican Republic, Mexico, and Myanmar.

From the EEMs of all Dominican B-type samples
(74 specimens, figure 4A), we found that the fluores-
cence emission consisted of three peaks that were
rather stable when excited by different excitation
wavelengths. Figure 4B shows a typical emission
spectrum using A, = 415 nm; three main peaks at
wavelengths of A, = 450, 474, and 508 nm are clearly
visible. These three fluorescence peaks are in good
agreement with those reported by Bellani et al.
(2005), Chekryzhov et al. (2014), Liu et al. (2014), and

UV-VIS-NIR SPECTRA

40

Jiang et al. (2017). The observed fluorescence inten-
8ity Dem-4s0nm is generally about the same as liem-474nm,
though it is sometimes a bit stronger. The strongest
fluorescence emission can be excited by A, =415 and
441 nm, but the strongest A, is observed using 441
nm excitation (figure 4C). Additionally, A, can only
be excited using A, between 350 and 460 nm, thus
explaining the somewhat inert reaction to SWUV.

Compared with their Dominican counterparts, all
Mexican and Burmese B-type samples tended to have
weaker by, as indicated by the lower maximum val-
ues for fluorescence intensity in their EEM spectra,
as in figures 4A, 4D, and 4G. Their emission patterns
were also rather different.

In Mexican B-type samples, shown in figure 4, D—
F, when excited using A = 441 and 415 nm, one can
see similar triple-peak patterns made up of 451, 476,
and 514 nm emissions. Upon switching to a shorter
excitation wavelength of A = 400 nm, two different
emission bands appeared near 438 and 456 nm (figure
4E). Additionally, the most efficient excitation region
in these samples was from 320 to 475 nm, which is
rather far from the typical SWUV (254 nm radiation
found in a handheld UV light source), thus resulting

— Dominican Republic
= Dominican Republic
— Mexico
— Mexico
— Myanmar i X
— Myanmar Figure 3. The absorption
& curves of blue amber
iEi from different origins
= show strong absorbance
[ below 400 nm. While
2 the absorption in the
g 400-500 nm range
] varies from origin to ori-
% gin, the samples from
E the Dominican Repub-
e lic showed distinctive
2 bsorption peaks at 412
2 absorption peaks at
< and 441 nm.
T T T T T T T T 1
350 400 450 500 550 600 650 700 750 800
WAVELENGTH (nm)
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Figure 4. Representative EEMs of B-type amber from three different origins: sample 2 (A-C) from the Dominican
Republic, sample 13 (D-F) from Mexico, and sample 17 (G-I) from Myanmar. The left column shows EEM spectra.
Images B, E-F, and H-I are emission curves (horizontal sections in EEMs, with ., = 415, 400, 375, or 240 nm, as la-
beled). Image C shows three main excitation curves (as vertical sections in EEMs; different lines are for the differ-
ent emission peaks). The rectangular area in (G) highlights the EEM area in Burmese B-type sample 17, having a

pattern similar to that seen in Dominican B-type amber.

in the very weak to inert fluorescence appearance
under SWUV.

In Burmese B-type (seen in figure 4, G-I), a three-
emission pattern similar to that of the Dominican B-
type was observed in the longer excitation wavelengths
(380-450 nm), indicated in figure 4G as the area out-
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lined by a rectangle. The more interesting feature in
these samples is in the shorter excitation wavelengths.
Two unique emissions were observed: An additional
emission peak at about A, = 425 nm (with a violet
color) is at its maximum when excited with A = 375
nm (figure 41); another A, at approximately 347 nm (in
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Figure 5. A-C: EEMs and emission and excitation curves show the fluorescence behavior of Dominican GB-type
amber, sample 8. The rectangular section in A highlights the additional green fluorescence range. B shows the
emission spectrum with A = 415 nm, while C gives the excitation spectra for three different fluorescence emis-
81018, hem = 450, 474, and 508 nm. The EEMs in D and F and the emission curves with 415 nm excitation in E and
G display the fluorescence characteristics of Mexican GB-type amber, samples 15 and 16. Their main emission
wavelengths and optimal excitation wavelengths are labeled.

the ultraviolet region) was seen in a wide range of exci-
tation wavelengths, including 240 nm (figure 4H) and
from 270 to 330 nm. Again, these spectral features ex-
plain the observed weak response to handheld SWUV
illumination, especially when compared to the re-
sponse to LWUYV illumination at 365 nm.
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Fluorescence of GB-Type Amber. Figure 5 compares
the EEM spectra and emission and excitation curves
of GB-type amber from the Dominican Republic and
Mexico.

In all Dominican GB-type amber, the EEM pat-
terns are similar to those in B-type (for example, fig-
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ures 4A and 5A). The major differences include: (1)
Demea7anm 1s much higher than D450 am, regardless of
the excitation wavelengths, and (2) a longer-wave-
length emission tailing toward the green region (in-
dicated by the rectangular area in figure 5A). This
tailing varies as the excitation wavelength changes.
This emission tailing enhances the green fluores-
cence, which explains the greener fluorescence ap-
pearance in the GB-type amber. Additionally, (3)
another excitation extremum at A = 461 nm occurs
in excitation curves (figure 5C).

As for Mexican GB-type, the EEMs of samples 15
and 16 (figure 5, D-G) display a broad emission range
from the near-ultraviolet to the greenish yellow re-
gion (350 to 600 nm), which can be excited with a
wide range of excitation wavelengths from 275 to
500 nm. The strongest emission in this material is
around 435 nm and/or 464 nm.

Fluorescence of NB-Type Amber. Figure 6 displays
the EEM pattern of Dominican NB-type amber. The
highest L., of this amber is only 600, versus the
much higher emission counts for B- and GB-type
amber, showing maximum values of 8000 to 6500,
respectively. This observation indicates that non-
blue amber from the Dominican Republic has a
much lower fluorescence strength than the other two
types from the same locality.

The NB-type amber shows a weak broad emission
band in the blue to yellow region (410 to 600 nm)

with the highest peak at A., = 463 nm, best excited
by 400 nm light. This is similar to Mexican GB-type
amber, but the latter has stronger emission (maxi-
mum values of fluorescence intensity are 1300-1700
vs. 600 in Dominican NB-type; see figures 5D and 5F
and figure 6A). Due to the wide excitation range and
stronger emissions of Mexican GB-type, fluorescence
can still be observed visually with sunlight, whereas
it cannot in Dominican NB-type (sample 12).

DISCUSSION

In our UV-Vis-NIR absorption spectra (figure 3), the
Dominican blue amber showed additional absorption
peaks at 412 and 441 nm, which is consistent with
the optimal excitation wavelengths for its blue fluo-
rescence. This indicates that Dominican blue amber
is very efficient at absorbing these two wavelengths
and more likely to generate stronger fluorescence
than its Mexican and Burmese counterparts.

When conducting fluorescence measurements,
one needs to consider the effects of self-absorption
and secondary fluorescence, which can cause errors
in fluorescence spectral analysis. These two effects
are related—self-absorption occurs when a sample
under testing absorbs its own primary fluorescence
(Birks, 1974; Lakowicz, 2006) and subsequently
emits secondary fluorescence that is either similar to
or different from the primary fluorescence. Such ab-
sorption may decrease the total amount of fluores-
cence or reduce a specific peak intensity measured

Figure 6. The 3D fluorescence contour map (A) and emission spectrum (B) of Dominican NB-type amber.
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Figure 7. A preliminary flowchart illustrating the combination of visual appearance under D65 light on a black
background, UV-Vis-NIR features, and fluorescence features to assist in determining geographic origin of blue
amber. Even though clearly Mexican B-type material similarly shows 450, 474, and 508 nm features with 415 nm

excitation, this is not a distinct triple peak.

by the instrument, and the secondary fluorescence
may produce additional emission peaks or bands.
These two effects are more often encountered in a
typical fluorescence spectral measurement when the
sample is a liquid and loaded in a standard cuvette
with 1 cm optical path length. Fortunately, our ex-
periment geometry (as described in box A) can min-
imize the possibility of self-absorption and secondary
fluorescence. Liu et al. (2014) clearly indicated that
the fluorescence only occurs on the amber’s surface,
not deep inside. In addition, our UV-Vis-NIR absorp-
tion spectra (figure 3) also showed that any light with
wavelength <400 nm will be greatly absorbed and
cannot penetrate the amber sample. Thus, the exci-
tation light source is highly unlikely to travel deep
into the amber sample to cause self-absorption and
secondary fluorescence. Our geometry also ensures
that the sample size will not directly influence the
amount of fluorescence emission measured.

When we observe amber’s fluorescence with the
unaided eye, our eyes and brain are extremely sensi-
tive to the fluorescence intensity variations, which
allows us to classify the fluorescence response as
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inert, weak, medium, strong, or very strong. In the
current experiment, by strictly controlling the EEM
measurement parameters, we achieved a rough quan-
tification of the fluorescence intensity—the intensity
bar of the EEM can reflect the relative strength of
each sample’s fluorescence response. Nevertheless,
this procedure may help us set up a future semi-
quantitative fluorescence scale for very strong,
strong, medium, weak, and inert responses.
Considering the similarities and differences in
EEMs from different types of Dominican, Mexican,
and Burmese blue amber, it seems possible that
EEMs could be aid in separating geographic origin.
Figure 7 shows a preliminary flowchart for this sep-
aration—by combining the appearance under D65 on
a black background, the UV-Vis-NIR absorption
(should such test be allowed), and the EEM fluores-
cence spectra. This summary is based upon the 247
samples we studied and will be further tested and ex-
panded when more samples are available.
Determining the nature of the chemical com-
pound that produces the different fluorescence fea-
tures is an exceedingly difficult task due to the
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structural complicacy resulting from polymerization
and the low solubility of amber in most solvents. To
date, only Bellani et al. (2005) proposed a possible can-
didate—perylene—for the triple-peak fluorescence
features in Dominican blue amber. Chekryzhov et al.
(2014) and Bechtel et al. (2016) excluded perylene for
Russian Far East blue amber and proposed azulene
(C,,H,) as an alternative agent of fluorescence but did
not confirm it. Material from the Russian Far East is
not commercially available and therefore was not in-
cluded in this study. Nevertheless, the exact fluoresc-
ing agent still has not been successfully extracted, nor
has its structure been determined.

CONCLUSIONS

In this study, blue amber refers to amber that shows
significant blue fluorescence under a standard D65
light source and, when placed on a black background,
this material appears blue to greenish blue. This type
of amber is known to come from the Dominican Re-
public, Mexico, and Myanmar, and material from all
three origins exhibits similar gemological properties
such as bodycolor, transparency, RI, SG, and internal
features. However, their LWUV responses are differ-
ent—Dominican and Mexican amber mostly show
blue fluorescence, while Burmese material displays a
violetish blue fluorescence. Blue amber from all three
origins showed a similar response to SWUV—much
weaker to inert, as compared to the LWUYV responses.

We separated blue amber into two types according
to their appearance in sunlight or D65 illumination
when viewed against a dark background. One is B-
type with a blue appearance, and the other is GB-type
with a greenish blue appearance. All three origins
produce amber that does not show enough blue flu-
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orescence to change its appearance in D65 light; we
classified this material as NB-type.

In their EEMs, a triple-peak emission pattern al-
ways occurs in Dominican blue amber (both B-type
and GB-type). B-type and GB-type Dominican blue
amber differ in that the GB-type amber has an addi-
tional green fluorescence component (~ 500 nm emis-
sion) and an additional 461 nm excitation maximum.

For Mexican B-type amber, the triple-peak features
are merged into each other and additional emissions
near 438 and 456 nm showed up when using <400 nm
excitation. Mexican GB-type amber only has a broad
emission feature with an emission center near 460
nm, similar to Dominican NB-type amber. However,
Mexican GB-type amber has much stronger emission
intensity than Dominican NB-type amber. Burmese
B-type amber, in addition to displaying a triple-peak
feature similar to Dominican material, has emissions
in the violet-ultraviolet region, giving it a violetish
appearance.

In the UV-Vis-NIR absorption spectra, in addition
to the strong absorption edge just below the near-ul-
traviolet region (<400 nm) that blue amber from all
three sources display, Dominican blue amber has two
absorption peaks at 412 and 441 nm, which corre-
spond to the most efficient excitation wavelengths
in the EEM. This may explain why Dominican
amber fluoresces with much more intensity. Com-
bining the appearance, UV-Vis-NIR spectra, and
EEMs, a possible workflow for discriminating blue
amber from these three geographic origins is pro-
posed (figure 7). Further study continues to identify
the nature of the fluorescing agents and their rela-
tionship to the tree species that secrete the specific
resins.
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