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The color of a colored gemstone, fancy-color dia-
mond, or pearl is one of the most important as-
pects determining its desirability and value. 

Colors can be induced by trace elements, structural 
defects, or even organic pigments in gemstones, 
which may be removed, altered, or enhanced through 
various treatment processes. Even though the aver-
age human eye can differentiate millions of colors, 
the color space is limited to three dimensions, as our 
eyes only have three different types of cone cells, 
which are sensitive to different wavelengths of light. 
Therefore, very similar colors in our vision may be 
created by completely different chromophores in a 
gemstone. Moreover, our eyes cannot detect any light 
beyond the visible range. Therefore, optical spec-
troscopy in the visible (Vis) spectrum range, along 
with the adjacent ultraviolet (UV) and near-infrared 
(NIR), is one of the most important analytical testing 
techniques in gemology. UV-Vis-NIR spectroscopy, 
commonly referred to as UV-Vis, measures how light 
is attenuated by absorption inside or on the surface 
of a transparent or opaque gemstone, respectively. 
The details in the absorption spectrum can provide 
information about the trace element chemistry, de-
fect configurations, and organic pigments that may 

help identify a gem’s species, variety, and potential 
treatments. 

In 1666, Sir Isaac Newton used a glass prism to 
explore the phenomenon of color in sunlight (Ander-
son and Payne, 1998), which opened an entirely new 
physics field of optics. Centuries later, gemologists 
would regularly use the same principles described by 
Newton to unravel the origin of color in gemstones. 
Gemologists have applied spectroscopy to gemstones 
since the 1930s (Anderson and Payne, 1998). In gen-
eral, they used handheld spectroscopes to split light 
into its component colors and observe with their 

eyes the light not absorbed by the gemstone as bright 
spectral colors, in contrast to dark bands or sharp 
black lines representing the areas in the visible spec-
trum where the gem did absorb light. Many of these 
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early observations were documented in articles by 
Basil Anderson in The Gemmologist (see also Ander-
son et al., 1998). Other references on spectroscopy 
also became available, such as the 114 spectra 
recorded by Robert Crowningshield for the 1962 edi-
tion of Richard T. Liddicoat’s Handbook of Gem 
Identification (Moses and Shigley, 2003). Gems & 
Gemology’s Lab Notes section also became a regular 
forum for new spectroscopic observations by Crown-
ingshield, who was a pioneer in the field.  

In the late 1980s, optical engineers with GIA Gem 
Instruments developed a digital scanning diffraction 
grating spectroscope called the DISCAN, which al-
lowed users to precisely measure the position of ab-
sorption features (Koivula and Kammerling, 1989). In 
the early 2000s, advancements in technology led to 
the development of spectrometers that significantly 
reduced the measurement time required to collect 
UV-Vis-NIR spectra, while also making the instru-

ments much more compact and portable (Breeding et 
al., 2010). While the handheld spectroscope is still 
widely used in gemology courses, spectrometers have 
become widely available. In the future, we may see 
the handheld spectroscope essentially replaced with 
even smaller compact spectrometers that can 
quickly measure and record data on gemstones. 

THE ELECTROMAGNETIC SPECTRUM AND ITS 
INTERACTION WITH MATERIALS 
Just as ripples spread across the surface of water that 
has been disturbed, a disturbance in the electromag-
netic field can propagate through space as electro-
magnetic radiation, or an electromagnetic wave. The 
wavelengths of electromagnetic waves range from 
~10–15 m to ~105 m. Due to their dramatically differ-
ent properties, the electromagnetic spectrum is 
broadly classified into different categories with de-
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Figure 1. Schematic diagram showing the relation between the visible spectrum and the entire electromagnetic 
spectrum. The normalized sensitivity curves of three types of cone cells (L: long, M: medium, and S: short) in the 
human eye are plotted over the visible spectrum.
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creasing wavelengths (figure 1): radio waves, mi-
crowaves, infrared (IR), visible light, ultraviolet, X-
rays, and gamma rays. However, because the 
electromagnetic spectrum is continuous, the bound-
aries between two adjacent categories are generally 
blurred and can vary depending on specific applica-
tions. The exception is visible light, which has a 
well-defined range of 400 to 700 nm (again, see figure 
1). The boundary between what a human eye can and 
cannot see is relatively sharp, although the exact 
range varies slightly from one individual to another.  

The energy of an electromagnetic wave is propor-
tional to its frequency (f) and inversely proportional 
to its wavelength (λ). This means that shorter wave-
lengths correspond to higher-energy electromagnetic 
waves. Because this inverse relation between wave-
length and energy is sometimes inconvenient, the 
quantity wavenumber (ν~, in units of cm–1), which is 
the inverse of wavelength, is often used in spec-
troscopy, though more commonly for Fourier-trans-
form infrared (FTIR) and Raman spectroscopy (see 
Breeding and Ahline, 2024, pp. 474–492 of this issue; 
Jin and Smith, 2024, pp. 518–535 of this issue). The 
wavelength (in nm) and wavenumber of an electro-
magnetic wave can be converted between one an-
other using the following equation: 

An electric field exerts a force on a charged parti-
cle, causing it to accelerate. An electromagnetic 
wave, which consists of alternating electric and 
magnetic fields, makes a charged particle oscillate 
by moving it back and forth, transferring the energy 
from the radiation to the charged particle. This is the 
basic principle of how electromagnetic radiation in-
teracts with materials. All materials in everyday life 
are composed of charged particles such as electrons 
and protons, which can be accelerated by electro-
magnetic radiation. The energy transfer between 
electromagnetic radiation and a material is most ef-
ficient when the wave frequency resonates with the 
intrinsic frequency of a specific transition in the ma-
terial—that is, when the energy of the electromag-
netic radiation matches the energy difference 
between two states in the material. For instance, mi-
crowaves can excite the low-frequency movements 
of polar molecules (e.g., water molecules) and thus 
can be used to heat food. IR radiation has energies 
similar to vibrations of individual covalent bonds 
(e.g., OH bonds in water and other hydrous materi-
als) or vibrations of the entire crystal lattice (Breed-

ing and Ahline, 2024); X-rays can excite the high en-
ergy electrons in the innermost orbitals of an atom, 
which is why X-ray fluorescence can be used to an-
alyze the chemical composition of a material (Sun 
et al., 2024). The most energetic gamma rays, which 
come from nuclear reactions, are the only photons 
that can excite the nuclei of atoms. 

With energies falling in between X-rays and IR, 
ultraviolet and visible light mostly interact with the 
valence and outer-shell electrons of a material. These 
electronic transitions are very complex quantum me-
chanical processes that can be described by several 
different theories, depending on the system (e.g., lig-
and field theory, molecular orbital theory, crystal 
field theory, and band theory) (Rossman, 2014). Gen-
erally, the electrons in the outer shells of an ion in a 
material can be excited in several different ways. 
They may be elevated to a higher energy state around 
the same ion (i.e., electronic transitions in the tran-
sition metals or rare earth elements). They may 
transfer to orbiting a different ion, such as the charge 
transfer between an anion and a cation, or the inter-
valence charge transfer (IVCT) between two cations 
with variable oxidation states. In a semiconductive 
material, electrons can be excited all the way up to 
the conduction band. Electrons in a material can 
sometimes be displaced and trapped, typically by ion-
izing radiation (alpha, beta, and gamma rays), which 
creates electron-hole centers that can be excited by 
photons in the UV-Vis range.  

Various colors are created when certain sections of 
the visible spectrum are preferentially absorbed by 
specific electronic transitions. The human eye has 
only three types of cone cells, each sensitive to a dif-
ferent region of the visible spectrum: red (long wave-
length), green (medium wavelength), and blue (short 
wavelength) (again see figure 1). Color is perceived 
based on the relative intensities of these three light re-
gions as they excite each type of cone cell in our vi-
sion. This is the basis of the RGB color system. Due 
to the limited number of cone types, different spectral 
compositions may appear as the same color to our 
eyes if they excite the same reactions of the cone cells. 
That is why we need the entire visible absorption 
spectrum to reveal the color-causing trace element or 
defect in a gemstone. Although only the absorption 
features within the visible spectrum can affect the 
color or appearance of a gemstone, the underlying 
physical processes could extend beyond the visible 
spectrum into the UV or IR range. Therefore, optical 
absorption spectroscopy is not limited only to visible 
light but includes the ultraviolet and near-infrared as 

458     UV-VIS-NIR SPECTROSCOPY                                                            GEMS & GEMOLOGY                                                         WINTER 2024

10000000
λ (nm)

(1)ν (cm–1) =~



well, collectively known as UV-Vis-NIR spectroscopy. 
This is one of the main advantages of an electronic 
spectrometer over a handheld spectroscope, which 
only reveals absorption features in the visible range 
due to the limitations of the human eye. 

Note that the light-absorbing electronic transi-
tions are dependent on the valence states or configu-
rations of the trace elements and defects, which are 
often determined by oxidation conditions or radia-
tion damages. Thus, these transitions can be en-
hanced, modified, or removed through heat or 
radiation treatments or by introducing additional 
chemical components through diffusion (Emmett 
and Douthit, 1993; Kitawaki et al., 2006; Jollands et 
al., 2023). These processes may occur either naturally 
in geological processes or artificially in a gem treat-
ment facility. While UV-Vis-NIR spectroscopy is sel-
dom diagnostic for specific gemstone treatments, it 
can often help narrow down the number of potential 
treatments or eliminate the possibility of treatment 
altogether, expediting testing in a gemological labo-
ratory by removing unnecessary steps.  

Adding another layer of complexity, visible light 
also interacts with nanoscale textures in a material 
that can create optical and color effects. Conductive 
nanoparticles can preferentially absorb visible light 
of certain wavelengths due to the surface plasmon 
(a quantized collective vibration of electron clouds) 
on the interface between the particle and the matrix. 
For instance, the red and green colors of Oregon sun-
stone are caused by copper nanoparticle inclusions 
<50 nm (Jin et al., 2022, 2023). Nanoparticles can 
also preferentially scatter light of specific wave-
lengths—known as Rayleigh scattering, Mie scatter-
ing, or Tyndall scattering depending on the size, 
shape, or dielectric properties of the particles—
which can create opposite colors in transmission 
and scattered light (Jin et al., 2023). Periodic nan-
otextures in labradorite, precious opal, or agate can 
cause an interference effect known as diffraction, 
which produces iridescent colors that sometimes 
change with viewing angle (Baier, 1932; Bolton et al., 
1966; Heaney, 2021). The color effects created by 
special nanostructures are known as “structural col-
ors,” which are sometimes considered “not real” in 
comparison to the pigment colors created by elec-
tronic transitions and thus sometimes referred to as 
“pseudochromatic” colors. Except for special re-
search purposes, the structural colors are typically 
not of interest for UV-Vis-NIR analyses in a gemo-
logical laboratory and mostly pose an inconvenience 
for data collection and interpretation. 

The oscillating electric (and magnetic) field in a 
beam of light can be directional, which is known as 
its polarization. Similarly, the electronic transitions 
or nanoscale textures in a material can also be direc-
tional, absorbing or scattering photons of different 
polarization with different efficiencies. Therefore, 
the optical spectrum may depend on the sample’s ori-
entation relative to the polarization of the light 
source. Optically isotropic (singly refractive) gem-
stones such as diamond, spinel, garnet, or strain-free 
glass are not affected by this phenomenon; it is only 
observed in optically anisotropic (doubly refractive) 
gemstones, which often display pleochroism and 
show different colors under the dichroscope. The op-
tical properties of doubly refractive materials such as 
feldspar, tourmaline, and corundum can be ex-
tremely complicated (Dowty, 1978; Dubinsky et al., 
2020; Jin et al., 2023) and are beyond the scope of this 
article. Polarized light is rarely used for qualitative 
analysis on doubly refractive gems in a gemological 
laboratory, though multiple measurements along dif-
ferent directions may be performed on intensely 
pleochroic samples to account for anisotropy. 

PRACTICAL APPLICATIONS TO GEMOLOGY 
The distinct spectra of colored gemstones, fancy-color 
diamonds, and pearls can be a powerful tool for iden-
tification, origin determination, and treatment detec-
tion. The technical details of how UV-Vis-NIR spectra 
are measured and quantified in a gemological labora-
tory are described in boxes A and B. As new discover-
ies about the absorption properties of gemstones 
emerge, our understanding of gemology continues to 
evolve. While the applications of UV-Vis-NIR spec-
troscopy in this field are far too numerous to detail in 
this article, those most routinely used in GIA labora-
tories are summarized here.  

Colored Stones. Most applications of UV-Vis-NIR 
spectroscopy for colored stones focus on the identi-
fication of specific chromophores. For certain types 
of gems, the variety can be determined based on spe-
cific color-causing agents. The presence or absence 
of certain spectroscopic features beyond the visible 
range, in the UV or NIR regions, further assists in 
identification, making the spectrometer a much 
more useful tool than a handheld spectroscope.  

Copper-Bearing Blue-Green Tourmaline. One of 
the most common applications of UV-Vis-NIR 
spectroscopy is the separation between tourmaline 
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A light detector, such as a photomultiplier tube or 
charge-coupled device (CCD) sensor, measures the in-
tensity of light attenuated by the material at each wave-
length and compares it to the unattenuated intensity of 
the light source. The attenuation measured may come 
from absorption, surface reflection, internal reflection, 
or scattering from inclusions and other internal textures. 
These factors can complicate the data interpretation. 
The simplest way to measure the attenuation spectrum 
of a transparent material is to use a direct light path. In 
this approach, the unblocked intensity of the light source 
is measured as the background, and the attenuated in-
tensity is measured by passing light through the sample 
(figure A-1A). Transmittance (T) is the fraction of the in-
cident light power that is transmitted through the sam-
ple (often expressed as a percentage). It is simply the ratio 
of the attenuated intensity (IT) to the unattenuated in-
tensity (I0) measured by the detector: 

Absorbance (A) is defined as the negative logarithm 
of transmittance: 

Assuming the contributions from surface reflection 
and internal scattering are negligible, the absorbance is 
proportional to the length of the light path in the mate-
rial (l) and the concentration of the attenuating species 
(c), such as light-absorbing elements or defects. This lin-
ear relationship is known as the Beer-Lambert law: 

                         A = εlc                                                 (A-3) 

where ε is the molar absorption coefficient of the absorb-
ing species. In theory, this law can be used to quantify 
the absolute concentration of certain chromophores in a 
gemstone (Dubinsky et al., 2020), though in practice it 
is very difficult due to the irregular shapes, optical 
anisotropy, and heterogeneity of most gem materials. Ex-
cept for the special case of copper-colored feldspars (or 
copper- or gold-colored glass), all the known absorption 

BOX A: ABSORPTION OF LIGHT: MEASUREMENT AND QUANTIFICATION

Figure A-1. A: The simplest 
configuration for measuring 
transmittance and absorbance 
with a direct light path 
through a wafer-shaped sam-
ple. B: A reflective configura-
tion with a bifurcated optical 
fiber, which can be used to 
measure the surface re-
flectance of an opaque mate-
rial (blue path) and 
transmittance through a wafer 
placed on a reflective surface 
(red path). C: Transmittance 
through a faceted stone can be 
measured using the internal 
reflection created by its pavil-
ion facets. D: A common con-
figuration for measuring the 
absorption of an irregularly 
shaped transparent sample, 
which can be placed any-
where inside the integrating 
sphere as long as it completely 
covers the incident light. E: A 
similar configuration as in C, 
but for measuring the re-
flectance of opaque samples 
with irregular or unsmooth 
surfaces (e.g., pearls) placed 
outside the sphere.
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features (i.e., nonstructural colors) in gemstones are caused 
by transitions involving valence or outer-shell electrons. 

For opaque materials such as pearls that do not trans-
mit light, transmittance or absorbance cannot be meas-
ured. Unlike transparent materials, where color is 
determined by the transmitted light, the light reflected off 
the surface determines the color and appearance of an 
opaque material. Rather than the intensity of transmitted 
light, the intensity of reflected light should be measured 
for opaque materials. Reflectance (R) is defined as the pro-
portion of incident power that is reflected by the surface: 

For a well-polished surface that allows specular reflec-
tion, reflectance can be measured simply by shining the in-
cident light perpendicular to the surface and collecting the 
light reflected directly back (figure A-1B, blue path). Due 
to the different configuration of the spectrometer, the in-
cident intensity I0 for reflectance cannot be directly meas-
ured the same way as for transmittance. A special 
reflective material that evenly reflects more than 99% of 
the light back to the detector is needed to acquire the ref-
erence background. 

Note that the luster of a transparent gemstone comes 
mainly from its surface reflectance, which is mostly inde-
pendent of wavelength. Therefore, it is meaningless to 
measure the surface reflection spectrum of a transparent 
gemstone. However, if a transparent wafer is placed on top 
of a reflective surface (figure A-1B, red path), the reflected 
light measured by the detector will have passed through the 
wafer twice (before and after reflecting). This allows trans-
mittance and absorbance to be measured using the reflec-
tion configuration. In fact, the reflective surface is not even 
needed for a faceted transparent gemstone cut to maximize 
light return, because the incident light will reflect back to 
the detector off the pavilion facets (figure A-1C). This type 
of measurement is routinely used in gemological laborato-
ries and is particularly useful for mounted stones, through 
which direct transmittance is impossible to measure. 

Accurate quantification of the absorptivity of a specific 
chromophore in a host material requires creating a wafer-
shaped sample with two parallel polished surfaces to en-
sure a straight light path (with a consistent path length) 
through the sample (figure A-1A). For anisotropic materi-
als, polarized light aligned with the optical orientation of 
the analyzed material is also necessary. Such quantitative 
analysis is obviously infeasible for gemological testing, as 
it would require destructive reshaping of the material. But 
due to the linear nature of absorbance, only qualitative 
analyses are needed for gemological testing, because the 
overall shape of the absorption spectrum of a gemstone is 
independent of its size or cut, depending only on the ab-
sorptivity ε and relative concentrations of chromophores 

(if multiple chromophores are involved). Transmittance, 
on the other hand, is not a linear quantity, so the trans-
mission spectrum will change shape depending on the 
absolute values of the light path length and chromophore 
concentrations. As a result, the appearance of a gem-
stone—its hue, tone, and color saturation, as determined 
by light transmitted through the stone—may depend 
considerably on its size and cut. Therefore, the transmis-
sion spectrum is needed to calculate the color of a trans-
parent gemstone. Similarly, the reflectance or 
backscattered spectra are used to calculate the color of 
an opaque or translucent gemstone. 

The facets or curved surfaces of cut stones can refract 
and reflect light unpredictably, preventing the accurate 
measurement of transmittance, absorbance, or re-
flectance. Most gemstones are neither perfectly trans-
parent nor completely opaque but lie somewhere in 
between. Almost all transparent gemstones contain 
some inclusions that could distort the measurement of 
absorption by scattering light away from a straight path. 
Translucent and semitransparent materials allow some 
light to transmit through but also scatter or reflect a sig-
nificant portion of light back. The light transmitted 
through such materials might be too weak to measure 
using transmission spectroscopy. Although it may be 
possible to measure backscattered light using reflection 
spectroscopy, this technique often lacks the features 
gemologists need to identify a stone.  

To reduce the undesired and unpredictable effects of 
internal scattering and surface reflections, a special op-
tical device known as an integrating sphere is often used 
in a UV-Vis-NIR spectrometer (figure A-1, D and E). An 
integrating sphere is simply a spherical cavity with a dif-
fusively reflective coating on the inside, with a few ports 
for incident light, detector, and sample placement. Light 
entering the integrating sphere bounces around ran-
domly multiple times due to the reflective surface before 
exiting through the detector port, blending the transmit-
ted, scattered, and reflected light together and allowing 
only the contribution from absorption to be measured. 
Transparent gemstones must be placed inside the inte-
grating sphere (figure A-1D) to prevent light from leaking 
out, whereas opaque samples such as pearls can be 
placed outside the sphere as long as they cover the sam-
ple port (figure A-1E). The exact position of the sample 
inside the integrating sphere does not matter, as long as 
all incident light is attenuated by the sample before 
being integrated by the sphere. A lens is often used to 
focus the incident light through the sample on the op-
posite side of the integrating sphere so that absorbance 
and reflectance can be measured using the same config-
uration (figure A-1, D and E). Positioning the sample on 
the opposite side of the light source also allows it to be 
placed on a metal stage cooled by liquid nitrogen, which 
is often used for testing diamonds.

(A-4)R =
IR

I0
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The equations and measurement configurations ex-
plained in box A (figure A-1) consider light as a single en-
tity. However, absorption (or reflection) spectroscopy 
requires the measuring of absorbance (or reflectance) at 
each individual wavelength, and this involves splitting 
light into different wavelengths. There are two physical 
processes for splitting polychromatic light (light contain-
ing multiple colors) into a spectrum of different wave-
lengths: dispersion and diffraction. The refractive index 
of a transparent material is often dependent on wave-
length, which means light of different wavelengths may 
be refracted at different angles, allowing light to be dis-
persed into its spectral components by a prism. (This was 
how Sir Isaac Newton discovered that white light con-
sists of a mixture of different colors.) Diffraction, on the 
other hand, takes advantage of how light interferes dif-
ferently depending on wavelengths and scattering angles. 
A diffraction grating is an optical device that uses dif-
fraction to split light (Jin and Smith, 2024). Both disper-
sive prisms and diffraction gratings can be used to make 
spectroscopes, while diffraction gratings are much more 
commonly used in spectrometers due to their higher ef-
ficiency and accuracy. 

A scanning spectrophotometer scans through the 
spectrum range and measures the light intensity at each 

wavelength one at a time (figure B-1, top). After the 
white light source is separated into different wave-
lengths, only a very narrow range of wavelengths is al-
lowed to pass through a narrow exit slit to the sample 
and be measured by the detector. The wavelength of 
light that passes through can be accurately controlled by 
adjusting the relative angle between the diffraction grat-
ing (or optical prism) and the exit slit (the actual optics 
are much more complicated than shown in figure B-1). 
This optical device that reduces polychromatic light 
(consisting of multiple wavelengths) to monochromatic 
light (of a single wavelength) is called a monochromator. 
The box with a dashed outline in figure B-1 (top) is a 
common example. The complete optical spectrum is 
measured by scanning the monochromator across the de-
sired range. An optional second monochromator tuned 
to the same wavelength as the incident light can be po-
sitioned after the sample and before the detector to filter 
out any luminescence from the sample, allowing only 
attenuated light of the same wavelength to pass through 
to the detector.  

In a CCD spectrometer, white light passes directly 
through the sample before being separated into its spec-
tral components by a stationary dispersion device (figure 
B-1, bottom). An elongated CCD detector covering the 

BOX B: OPTICAL SPECTROMETERS

Figure B-1. Schematic com-
parison of the scanning spec-
trophotometer (top) and the 
CCD spectrometer (bottom). 
The scanning spectropho-
tometer measures ab-
sorbance at each wavelength 
sequentially, whereas the 
CCD measures the entire 
spectrum simultaneously. 
The CCD detector cannot re-
move luminescence from the 
sample excited by the inci-
dent light, which may affect 
the shape of the measured 
spectrum. Transmission grat-
ings are shown for simplicity, 
though in reality, reflective 
gratings are more common in 
monochromators and CCD 
spectrometers.
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entire angle of the dispersed spectrum is positioned at the 
end. By using well-characterized emission features of 
known materials, the detector can be calibrated to accu-
rately correlate each pixel on the CCD to a specific wave-
length. Note that a handheld spectroscope is essentially a 
simplified version of a CCD spectrometer, with a human 
eye in place of the CCD detector. Of course, the human 
eye can only detect light within the visible spectrum and 
will miss any features in the UV or NIR range. 

The relationship between scanning and CCD spec-
trometers is analogous to that between the two types of 
X-ray diffractometers (Jin and Smith, 2024). The scanning 
spectrophotometer is much more accurate in measuring 
intensity at each specific wavelength and removes any po-
tential interference from sample luminescence. Light po-
larizers can be implemented to allow measurement of 
polarized spectra. However, the geometry of the mono-
chromators before and after the sample significantly limits 
the flexibility of this device, making it suitable almost ex-
clusively for measuring transparent wafers in a direct light 
path (figure A-1A). The high-precision optics in the mono-
chromators in scanning spectrophotometers also make 
them very expensive, limiting their availability to research 

or industrial facilities. Scanning through a desired range 
of the spectrum can be time-consuming, especially 
when high spectral resolution and high accuracy are 
needed.  

The more affordable CCD spectrometers offer a 
number of advantages. They can make measurements 
much more rapidly because they capture the entire 
spectral range simultaneously, and the signal reaching 
the detector can be integrated repeatedly over a period 
of time to improve the signal-to-noise ratio. And be-
cause unseparated white light is used through most of 
the optics until the final part before the CCD detector 
(figure B-1, bottom), the configuration is much more 
flexible, allowing measurement of opaque and irregu-
larly shaped samples, especially while using integrating 
spheres (figure A-1, B–E). As a result, CCD spectrome-
ters have become much more widely used for gemolog-
ical applications. However, one significant disadvantage 
is that these spectrometers cannot correct for photolu-
minescence excited by the incident light from the sam-
ple (figure B-1, bottom). Sharp-band luminescence 
features are easily identifiable (e.g., the Cr3+ band in 
ruby, as shown in figure B-2), whereas broad emission 

Figure B-2. The absorption 
spectrum of a synthetic ruby 
measured using a CCD spec-
trometer is compared to the 
view in a spectroscope. Ab-
sorption peaks in the spectrum 
appear as dark bands in the 
spectroscope. The CCD spec-
trometer has a much wider 
range than the spectroscope. A 
scanning spectrophotometer 
can have an even wider range, 
extending from 200 to 2500 
nm. The sharp Cr3+ fluores-
cence peak at 694 nm appears 
as a negative dip, as the “at-
tenuated” light intensity at 
this wavelength is stronger 
than the unattenuated inci-
dent light. Similarly, a sharp, 
bright line may be observed in 
the spectroscope. This type of 
artifact can be easily recog-
nized for sharp luminescence 
features but may be over-
looked if the luminescence 
band is broad. A scanning 
spectrophotometer avoids this 
artifact by measuring one 
wavelength at a time, reveal-
ing a sharp absorption peak at 
694 nm (black dashed line).

250 350 450 550 650 750 850

WAVELENGTH (nm)

UV-VIS-NIR SPECTRA
A

B
SO

R
B

A
N

C
E



dominantly colored by copper (Paraíba tourmaline) 
and tourmaline colored mainly by iron. Although 
vividly bright neon blue or green Paraíba tourmaline 
can often be identified visually, the color of some 
samples with lower saturation and tone may overlap 
with tourmaline dominantly colored by iron. UV-

Vis-NIR spectroscopy provides a clear distinction: 
Cu2+ in tourmaline has two absorption bands at 
about 697 and 900 nm (Fritsch et al., 1990; Shigley 
et al., 2001), while Fe2+ has only a single band at 
about 715 nm (figure 2) within the measured range. 
Although some tourmalines have comparable color 
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bands can potentially alter the shape of the absorption 
spectrum in a way that is not noticeable.  

It should be noted that the detector in a spectrometer 
can only measure light intensities within a certain range. 
Below this range, any signal is indistinguishable from 
noise. Above it, the detector is saturated and every signal 
is registered as the same value. The ratio of the maxi-
mum value to the minimum value a detector can meas-
ure is known as its dynamic range. For a detector with a 
dynamic range of 1000:1, if the unattenuated intensity 
of the light source is barely saturating the detector, the 
lowest transmittance the detector could measure would 
be 1/1000 (or 0.1%), meaning the largest absorbance that 
can be measured is 3 (i.e., log101000). Both the light 
source intensity and the dynamic range of the detector 
are wavelength-dependent, which means the measurable 
range for absorbance by a spectrometer is limited by its 
weakest point in the spectrum. Most spectrometer soft-
ware plots unmeasurable absorbance as a constant value 
above the highest value that can be theoretically meas-
ured to avoid confusion, sometimes causing the absorp-
tion spectrum to appear as a perfectly flat line when it 
reaches a certain value. It may be possible to extend the 
dynamic range by attenuating the light source with a filter 
of known absorbance or breaking the spectrum into sev-
eral parts that can be optimized separately. Reducing the 
light path length (e.g., measuring along a shorter dimen-

sion or the edge of the sample) may also help bring the ab-
sorbance back to the measurable range of the spectrome-
ter. Weak absorption features (e.g., small sample size, 
inefficient chromophore) can be enhanced by extending 
the light path and prolonging the measurement time (i.e., 
increasing the exposure time or averaging the intensities 
from multiple measurements). 

The ideal light source for a UV-Vis-NIR spectrometer 
provides white light with a homogeneous intensity across 
the entire spectrum range, though no single light source 
fits this criterion yet. LED lights with discontinuous 
spectra or fluorescent lights with sharp emission peaks 
are generally not suitable for a UV-Vis-NIR spectrometer. 
Instead, a tungsten-halogen lamp with a broad emission 
band spread across 350–1000 nm is typically used to 
cover the Vis-NIR range, and a deuterium lamp or xenon 
arc lamp can be used to cover the UV range between 200 
and 400 nm. These lamps may operate separately to pro-
long their lifetime, depending on the range being meas-
ured, or together to cover the entire UV-Vis-NIR range. 
Multiple detector or monochromator types are some-
times used in scanning spectrophotometers to compen-
sate for reduced efficiency or accuracy in different ranges. 
Switching between these components may introduce 
step-shaped artifacts in the measured spectrum, though 
their positions can often be adjusted to avoid significant 
interference with real features in the data. 

Figure 2. Absorption spectra of copper-dominant Paraíba tourmaline (left) and iron-dominant tourmaline (right).
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contributions from both Cu2+ and Fe2+, the end mem-
bers can be easily separated. Those intermediate 
stones are a subject of further research that is outside 
the scope of this article. 

Blue Spinel. Another common application of UV-Vis-
NIR spectroscopy is distinguishing between blue 
spinel dominantly colored by cobalt and spinel with 
a significant iron component. Co2+ has a unique spec-
tral pattern, with several peaks from 540 to 622 nm 
(figure 3, left) (D’Ippolito et al., 2015; Palke and Sun, 
2018). Iron also has several possible absorption fea-
tures in the visible range, including narrow bands at 
459 and 473 nm likely related to Fe3+, as well as broad 
bands around 650 and 900 nm and relatively sharp 
bands around 555 nm that overlap with Co2+ absorp-
tion features (figure 3, right). It is important to note 
that blue color in spinel is caused exclusively by 

Co2+, while iron-related absorption alters the color by 
adding gray, purple, or greenish components. Deter-
mining whether a blue spinel qualifies as “cobalt 
spinel” requires a multivariate approach that consid-
ers its color, chemistry, and UV-Vis-NIR absorption 
spectrum together. 

Aquamarine vs. Maxixe Beryl. UV-Vis-NIR can also 
be used to distinguish aquamarine from Maxixe beryl. 
Aquamarine’s blue color is caused by the presence of 
Fe2+, whose absorption can be intensified by the pres-
ence of Fe3+ (Taran and Rossman, 2001). Maxixe beryl 
derives its blue color from radiation. Figure 4 (left) 
shows a typical aquamarine spectrum, featuring a 
dominant absorption feature at about 830 nm produc-
ing the blue color. This absorption feature is also 
highly polarizable, with the maximum intensity per-
pendicular to the c-axis (the long dimension of most 
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Figure 3. Example absorption spectra of a cobalt spinel (left) and a grayish blue spinel that does not meet the crite-
ria due to its color and the significant influence of iron on its color (right).
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Figure 4. Absorption spectra of aquamarine (left) and Maxixe beryl (right).
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aquamarine crystals). As a result, an aquamarine’s 
blue color appears most intense when the crystal is 
viewed perpendicular to the c-axis; it displays almost 
no color when viewed along the c-axis. In contrast, 
Maxixe beryl’s pleochroic colors are the opposite, 
with the most intense blue color displayed down the 
c-axis and a weaker blue color perpendicular to the c-
axis. The distinct UV-Vis-NIR spectrum of Maxixe 
beryl can also aid in its identification (Adamo et al., 
2008). Maxixe beryl has a prominent, fairly narrow 
peak at about 691 nm, with several smaller peaks at 
shorter wavelengths of about 646, 630, 607, and 590 
nm. These features typically overlay a relatively 
broad absorption band centered at roughly 620 nm 
(figure 4, right). It is important to be able to distin-
guish Maxixe beryl, as its radiation-induced blue 
color is often unstable and may fade with time. 

Magmatic vs. Metamorphic Sapphire. Geographic 
origin determination for blue sapphire can be an ex-
tremely complicated and difficult task. Determining 
the geological origin of a sapphire, whether meta-
morphic or magmatic, can be simplified by reducing 
the number of origins to consider. The UV-Vis-NIR 
spectrum for sapphires of magmatic origin (e.g., Aus-
tralia, Thailand, Cambodia, Nigeria, and Ethiopia) 
shows a pronounced absorption feature at 880 nm. 
Sapphires of metamorphic origin (e.g., Sri Lanka, 
Myanmar, Madagascar, and Kashmir) either lack this 
feature or show an 880 nm band of lower intensity 

than the Fe2+-Ti4+ IVCT band at 580 nm (figure 5) 
(Palke et al., 2019). The origin of the 880 nm band is 
unclear but may be related to some combination of 
iron and titanium ions in corundum (Fritsch and 
Rossman, 1988; Moon and Phillips, 1994; Hughes et 
al., 2017). “Nonclassical” sapphire from Tanzania 
and Montana will show a UV-Vis-NIR spectrum 
more similar to metamorphic sapphire, lacking the 
880 nm feature, but show pronounced Fe3+ absorp-
tion bands at 378, 388, and 450 nm (Dubinsky et al., 
2020). One complication is that some higher-iron 
metamorphic sapphires may take on a magmatic-
looking absorption pattern after low-temperature 
heating (Hughes and Perkins, 2019).  

Jadeite (Natural vs. Dyed Color). The color origin of 
jadeite (natural or dyed) can also be determined by 
UV-Vis-NIR spectroscopy. A common cause of green 
color in jadeite is from Cr3+ with broad absorption 
bands around 454 and 645 nm and a sharp feature 
around 691 nm (figure 6A). While these can often be 
observed with a handheld spectroscope, a UV-Vis-
NIR spectrometer can be helpful in cases where a 
jadeite is mounted or it is difficult to transmit light 
through the piece and into the spectroscope. Fe2+ can 
also cause green color in jadeite, though this green 
color is never as vibrant and vivid as that in high-
quality chromium-colored jadeite. Fe2+ bands in 
jadeite can be seen at around 769 and 940 nm (figure 
6B). Fe3+ absorption features may also be seen as sharp 
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Figure 5. Absorption 
spectra showing the dif-
ferent intensities of the 
880 nm band between 
metamorphic sapphire 
(left) and magmatic 
sapphire (right). From 
Palke et al. (2019).



bands at about 369, 381, 431, and 473 nm, but their 
effect on color is usually minimal. Dyed green jadeite 
has an entirely different absorption spectrum, typi-
cally displaying a double peak at around 620 and 669 
nm (figure 6C). Similar criteria can also be used to 
separate dyed from natural-color lavender jadeite (Lu, 
2012). 

Chrome Varieties (Garnet, Tourmaline, Diopside, 
and Chalcedony). To be considered chrome varieties, 
the color of garnet, tourmaline, diopside, and chal-
cedony must be predominantly derived from the 
presence of chromium (and/or vanadium in the case 

of some tourmaline and diopside). The presence of 
chromium is easily confirmed in a UV-Vis-NIR spec-
trum by the presence of the characteristic Cr3+ ab-
sorption pattern consisting of two broad peaks. 
Figure 7 compares two green tourmalines, one col-
ored by Cr3+ and the other by Fe2+. Similar absorption 
patterns have been observed for other chromium-col-
ored gems. Note that V3+ often shows an absorption 
pattern very similar to that of Cr3+ for green gems 
such as emerald or tourmaline, and the so-called 
chrome variety in the gem trade often includes cer-
tain green gemstones predominantly colored by 
vanadium. 

Fancy-Color Diamonds. Because colorless diamonds 
typically do not show any useful features in the UV-
Vis-NIR range, optical spectroscopy is used primarily 
for testing diamonds with fancy colors. Whereas the 
colors of colored gemstones can be predicted quite 
accurately just from their chemical compositions, 
the light-absorbing features of diamond depend on 
the exact configurations of defects and defect clus-
ters. Despite the simple chemistry of diamond, it has 
numerous types of light-absorbing defects and defect 
clusters, many of which are still poorly understood. 
Color-causing defects in diamond could easily con-
stitute a set of review articles or even monographs 
(Zaitsev, 2001; Dischler, 2012; Green et al., 2022). 
Only a few representative examples will be presented 
here to showcase the complexity of diamond identi-
fication and how it can be facilitated by UV-Vis-NIR 
spectroscopy. 

UV-Vis-NIR spectra of diamonds are typically col-
lected at liquid nitrogen temperatures, as the charac-
teristic sharp absorption features of several defects are 
temperature sensitive. But the room-temperature 
spectrum also provides valuable information about 
the impact of different color centers on the diamond’s 
overall bodycolor. Therefore, the handheld spectro-
scope can be used to observe many of the spectral fea-
tures of a diamond, particularly one with strong color. 

During crystallization, elements such as nitrogen, 
boron, and hydrogen can be incorporated into the di-
amond structure. Annealing at high-pressure, high-
temperature (HPHT) conditions, as well as radiation 
after crystallization, can create new defects, destroy 
existing ones, or modify them into different configu-
rations. Therefore, identifying the defect types in a di-
amond helps reveal its temperature, pressure, and 
radiation history. The different conditions required 
for each defect to form can potentially distinguish 
natural colors from colors created by treatment 
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Figure 6. Examples of Vis-NIR spectra of jadeite col-
ored by Cr3+ (A), Fe2+ (B), and artificial dyes (C).
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processes. Some defects or combinations of defects in 
diamonds can only form naturally, requiring the ex-
treme temperature-pressure conditions only found 
deep in the earth, while others require geological 
timescales for the defects to cluster into certain con-
figurations. These defects may or may not survive cer-
tain treatment processes. Some defects are only found 
in laboratory-grown or treated diamonds, as the con-
ditions needed to create them rarely occur or do not 
exist in nature. Of course, some defects can be created 
both naturally and artificially, particularly when the 
natural conditions responsible are easily replicated in 
a laboratory. 

Fancy Yellow Diamond. Yellow is one of the most 
common colors in diamond. In fact, many light-col-
ored diamonds are treated to intensify their colors be-

yond the D-to-Z color scale so they can be graded as 
fancy-color diamonds with potentially higher value. 
This yellow hue can be attributed to several types of 
defects. Four common types are isolated nitrogen de-
fects (C center), the H3 (N2V0) defect, the “cape” se-
ries defect, and the 480 nm band defect (Breeding et 
al., 2020).  

Isolated nitrogen produces a broad absorption 
band that peaks in the UV range and extends into the 
blue region (figure 8). Though all nitrogen-bearing di-
amonds can contain C centers, those with most ni-
trogen atoms in isolation, known as type Ib 
diamonds, are rare in nature, making up only 0.1% 
of all natural diamonds (Breeding et al., 2020). How-
ever, C centers are responsible for the color of most 
laboratory-grown yellow diamonds. The H3 (N2V0) 
defect consists of two nitrogen atoms surrounding a 
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Figure 8. A comparison of 
four yellow diamonds 
colored by different de-
fects. The absorption 
spectra were collected at 
liquid nitrogen tempera-
ture using the configura-
tion shown in figure 
A-1D. The cape diamond 
and the 480 band dia-
mond are both natural, 
while the type Ib dia-
mond is laboratory 
grown. The H3 + cape di-
amond was irradiated 
and annealed to enhance 
its yellow color.

Figure 7. Absorption spectra of chrome tourmaline (left) and iron-colored green tourmaline (right).
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neutral vacancy with broad absorption in the blue re-
gion, characterized by a sharp peak at 503.2 nm 
(again, see figure 8) (Breeding et al., 2020), which im-
parts a yellow bodycolor to a diamond. Both C cen-
ters and H3 (N2V0) defects can be introduced by 
HPHT treatment to enhance the yellow color. H3 
(N2V0) defects can also be created by irradiation fol-
lowed by annealing.  

“Cape” series absorption features, named after 
their original association with South Africa, can occur 
in diamonds from nearly all deposits. These consist of 
a series of bands in the blue to UV region, with promi-
nent peaks at 415, 451, and 478 nm (figure 8), mostly 
related to the N3 (N3V0) defect (three nitrogen atoms 
around a single vacancy) (Mainwood, 1994). Much of 
the light yellow color in D-to-Z diamonds is due to 
various concentrations of cape series defects (King et 
al., 2008).  

The defect structure of the wide absorption band 
centered at 480 nm (figure 8) is unknown, although 
it has been shown to be related to nickel and nitrogen 
(Breeding et al., 2020). This band creates yellow to or-
ange color in diamond. Both the cape series and the 
480 band are only known to occur naturally and have 
not been introduced through HPHT treatment.  

Other Fancy-Color Diamonds. In addition to yellow, 
diamonds come in all other colors, each with its own 
unique defects and UV-Vis-NIR spectra. For instance, 
blue color can be caused by boron substitution, iso-
lated vacancies, or rarely hydrogen-related defects 
(Eaton-Magaña et al., 2018). Green color in diamonds 
is commonly caused by radiation-induced vacancies 
plus absorption from more complex defects or hydro-
gen-related defects, though several additional but 
rarer cases can also produce green color (Breeding et 
al., 2018). Therefore, UV-Vis-NIR is helpful in identi-
fying the specific defects present (i.e., what “kind” of 
green diamond). In addition to color-causing defects, 
there are also defects that contribute little to the color 
but provide clues as to the radiation and/or annealing 
history of the stone, indicating possible treatments. 
UV-Vis-NIR alone is not diagnostic, however, and re-
quires further testing and gemological observation to 
determine a diamond’s color origin with certainty. 

Pearls. UV-Vis-NIR reflectance spectroscopy (figure 
A-1E) can be used to identify biological pigments re-
sponsible for natural color in pearls. This helps dif-
ferentiate between naturally and artificially colored 
pearls, especially when visual evidence is absent. 
The untreated colors of pearls, whether natural or 

cultured, are mainly caused by a mixture of biologi-
cal pigments associated with the mollusk species 
producing the pearls. Different mollusk species cre-
ate pearls in different color ranges. The major pig-
ments across various species are porphyrin and 
polyenic groups (Iwahashi and Akamatsu, 1994; 
Karampelas et al., 2007), as well as melanin (Jabbour-
Zahab et al., 1992; Wang et al., 2020). And in some 
cases, unidentified pigments were reported to be re-
sponsible for the yellow coloration of saltwater 
pearls produced from Pinctada species (Karampelas 
et al., 2020).  

For pearls, reflection spectra are generally obtained 
in the 250–800 nm range. It should be noted that re-
flectance refers to the light not absorbed by the sur-
face, which means a reflection spectrum is 
interpreted in the opposite way as an absorption spec-
trum. Absorption features that appear as peaks in an 
absorption spectrum will appear as dips in a reflection 
spectrum. The bodycolor of a pearl corresponds to the 
high-reflectance regions in the reflection spectrum 
that are less affected by absorption features. Almost 
all pearls show a common absorption feature at about 
280 nm that is associated with conchiolin, a mixture 
of protein and polysaccharides found in pearls and 
shells. In the visible range, the spectra for white and 
very light-colored pearls are relatively featureless due 
to weak or absent pigmentation, while darker and 
more saturated pearls exhibit lower reflectance in 
their spectra and more prominent absorption features. 
Strong overtone or iridescence colors on the surface 
may impact the spectrum patterns. 

Dark-Colored Nacreous Pearls. Dark, natural-color 
saltwater nacreous pearls, ranging from light gray, 
gray, and brown to black with various hues such as 
green and blue, display characteristic absorption fea-
tures at 405 and/or 495 nm (Elen, 2002; Karampelas 
et al., 2011). These features can be used to separate 
them from artificial dark colors created by dye (figure 
9). The 405 nm feature is reported to be from uropor-
phyrin pigmentation (Iwahashi and Akamatsu, 1994), 
while the 495 nm feature is possibly related to a type 
of porphyrin. 

Most of the dark-colored pearls on the market are 
known as Tahitian pearls, produced from Pinctada 
margaritifera. These and the closely related pearls 
from P. mazatlanica display a diagnostic feature at 
700 nm (Wada, 1984; Homkrajae, 2016) that can be 
used to separate them from other natural dark-colored 
pearls, including other Pinctada species (Karampelas, 
2012; Homkrajae, 2016; Nilpetploy et al., 2018; Al-
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Alawi et al., 2020), Pteria pearls (Kiefert et al., 2004), 
and windowpane oyster pearls produced by the Pla-
cunidae family (Ho et al., 2024). 

Additionally, a series of chemical and physical 
processes has been reported to lighten naturally gray 
to dark gray Tahitian pearls to “chocolate” and “pis-

tachio” colors. Since this color alteration is achieved 
by modifying or removing certain natural pigments, 
no foreign coloring agent can be detected on the sur-
face. UV-Vis-NIR reflectance spectra obtained from 
the treated “chocolate” and “pistachio” pearls still 
show the natural pigment features, but they become 
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Figure 10. Reflectance 
spectra of natural and 
treated yellow nacreous 
pearls. A natural-color 
South Sea pearl exhibits 
a broad absorption re-
gion between 330 and 
460 nm, consisting of 
two distinct bands at 
350–365 nm and 420–
435 nm. Dyed yellow 
pearls normally have an 
absence of this charac-
teristic or the presence 
of different absorption 
features in the blue re-
gion of the spectrum.
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Figure 9. Reflectance 
spectra of dark gray 
nacreous pearls, natural 
and dyed. A natural-
color Tahitian pearl ex-
hibits characteristic 
absorption features at 
405 and 495 nm, to-
gether with a diagnostic 
700 nm feature of the P. 
margaritifera mollusk. 
The natural pigmenta-
tion features are absent 
in the spectra of dyed 
dark gray pearls.
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broader and the centers are shifted from the 405 and 
495 nm positions (Wang et al., 2006; Zhou et al., 
2016). The diagnostic 700 nm feature for P. margari-
tifera (Tahitian) remains unchanged in these treated 
pearls. 

Yellow Nacreous Pearls. Yellow colors in pearls are 
caused by preferential absorbance of light in the 
long-wave UV to blue region of the spectrum, with 
most of the green to red light reflected by the sur-
face. Yellow and orangy yellow Pinctada maxima 
pearls, commonly known as golden South Sea pearls, 
are among the most desirable pearls in the market. 
Natural-color yellow South Sea pearls typically show 
a broad absorption region between 330 and 460 nm 
(figure 10). This broad region usually consists of two 
absorption features, the first centered between 350 
and 365 nm and the second between 420 and 435 nm 
(Elen, 2001). Similar absorption features have also 
been observed in yellow-hued pearls produced by 
other species, including P. margaritifera (Karampelas 
et al., 2011), P. mazatlanica (Homkrajae, 2016), and 
P. maculata (Nilpetploy et al., 2018). The absence of 
this characteristic or the presence of different absorp-
tion features in the blue region of the spectrum indi-
cates an unnatural origin for the yellow color (figure 
10) (Elen, 2001, 2002; Zhou et al., 2012). 

Heat treatment has been reported to create uni-
form and enhanced colors in cream and light yellow 
pearls. This process supposedly does not introduce 
any external dye materials into the pearl. Therefore, 
the characteristic absorption features observed in 
natural-color pearls appear much weaker or com-
pletely absent in heated yellow pearls with the same 
color (Elen, 2001; Zhou et al., 2012). 

The natural colors in freshwater pearls are caused 
by a mixture of various polyenic pigments (Karam-
pelas et al., 2009, 2020), which display absorption fea-
tures in the range of violet to yellow (405–568 nm) 
of the visible spectrum (Karampelas et al., 2009; 
Homkrajae et al., 2019). Unfortunately, these fea-
tures in freshwater pearls are much more compli-

cated and difficult to identify than those in saltwater 
pearls and thereby not useful for identification pur-
poses. Raman spectroscopy is more useful for identi-
fying the polyenic pigments in freshwater pearls (Jin 
and Smith, 2024).  

CONCLUSIONS 
At first glance, the UV-Vis-NIR spectrometer might 
seem the simplest analytical testing instrument in 
a gemological laboratory, as it employs the same 
basic principles as a handheld spectroscope. How-
ever, its application to gemology is one of the most 
far-reaching across all categories of gemstones, since 
color is such a significant value factor for colored 
stones, fancy-color diamonds, and pearls. Due to the 
wide range of size, shape, form, and diaphaneity of 
gemstones, measuring their UV-Vis-NIR spectra is 
often challenging. Specialized instruments and con-
figurations have been designed for specific applica-
tions, such as mounted jewelry, opaque materials, 
and even liquid nitrogen measurements, all of 
which require special procedures for testing. Unlike 
Raman spectroscopy, which can be automated by 
computer programs to a great extent, interpreting a 
UV-Vis-NIR spectrum is not nearly as straightfor-
ward. Rigorous training and extensive practice are 
required for a gemologist to separate the true signals 
from noise and instrument artifacts and make a cor-
rect assessment. As demonstrated by the examples 
presented in this article, considerable information 
is hidden behind the striking colors of gemstones. 
In fact, the mechanisms of many colors in gem-
stones are still not fully understood. For instance, 
the exact electronic transition and defect configu-
ration of amethyst, blue zircon, and many light-ab-
sorbing features in diamonds are still unknown. 
The light-absorbing defects in gem materials, as 
well as their reactions to treatments, are the subject 
of a very active research field in gemology, and new 
discoveries constantly emerge. As our understand-
ing of the causes of colors in gems deepens, the util-
ity of UV-Vis-NIR spectroscopy continues to grow.
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