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Abstract

The acquisition of Vis spectra by diffuse relectance spectroscopy or ibre optic relectance spectroscopy (FORS) allows the investigation of colourants or colour measurements. The coupling of Vis diffuse relectance spectroscopy to a zoom stereo microscope
enables the investigation of much smaller areas which were not accessible with existing optical techniques and allows visualizing
the area under investigation.
A purpose-made interface connects the Vis spectrometer via an optical ibre to a camera mount of the zoom microscope. The
interface contains optical components which allow to select a small area of approx. 10 µm to 4 mm diameter from the full view of
the microscope for spectral analysis. The surface does not need to be touched and the analysis can be carried out while the object
is studied under the microscope. The analysed spot can be easily documented by a camera mounted to the microscope. The study
of a miniature painting is presented to illustrate the application of this new technique. Infra-Red, Raman and X-ray luorescence
spectroscopy were used as complimentary methods to microscopic diffuse relectance spectroscopy (MDRS) which proved to be a
useful tool for the study of objects with small details.

1 Introduction

Diffuse relectance spectroscopy in the visual (Vis) spectral domain is a non-destructive and portable analytical
technique, which is used in cultural heritage science for
the investigation of polychrome works of art (Fuchs &
Oltrogge 1994). The term diffuse relection describes the
relection of light from a surface where the incident light
is relected at many angles rather than at only one angle
as in the case of specular relection. The diffuse relection
spectra are inluenced by the scattering and absorbing
properties of the surface, i.e. paint layer. Spectral data
from the diffuse relectance spectra can inform on colour
and the colourants used. Diffuse relectance spectra can
be obtained in different ways. Fibre optic relectance
spectroscopy (FORS) utilizes a measuring head (or probe head) which holds the optical ibres: one for illuminating the area under investigation and a second to to guide
the diffuse relected light toward the photo spectrometer
(Leona & Winter, 2001, Dupuis et al. 2002). In some studies equipment with an extended spectral range into the
UV or the NIR domain is used to obtain more spectral
information which can provide additional information
about colouring matter or binding media (Fabbri et al.
2001, Picollo, et al. 2007, Montagner et al. 2011, Sessa,
et al. 2013). FORS is also used for the evaluation of the
preservation state of polymers (Cucci et al. 2013). In case
studies it is mainly used in combination with complementary laboratory analytical methods (Atrei et al. 2013,
Colombo et al. 2011) or with the hyperspectral imaging
(Picollo, et al. 2008, Delaney, et al. 2010). Quantitative
evaluation of pigment contents in binding media and for
binary gouache paint mixtures have been made from dif-

fuse relection spectra using the Kubleka-Munk-Theorie
(Johnston-Feller 2001 p. 70 ff, Dupuis & Menu 2005,
Dupuis & Menu 2006). The method of Vis diffuse relectance spectroscopy can also be used for the determination
of the perceived colour. In a common handheld colorimeter an integrating sphere collects the relected light and
has to be placed directly onto the object for illumination
and collection of the relection spectra.
The coupling of Vis diffuse relectance spectroscopy
to a zoom stereo microscope enables the investigation
of much smaller areas which were not accessible with
existing techniques. The technique works at the working distance of a normal zoom microscope and reduces
therefore the risk of damage provoked by touching the
surface. The large working distance reduces also the hindrance because of steric obstruction which might limit
the access the area under investigation due to the shape
of the object/spectrometer. Other experimental set-ups
for the acquisition of Vis diffuse relectance spectra are
only capable of recording the spectral information from
the object surface: the area investigated is not visually
studied or documented by a camera. The coupling of
microscopy with Vis diffuse relectance spectroscopy has
the advantage that is allows examining the area of interest and documenting it by digital camera attached to the
microscope at the same time.
This article will describe how pigments can be analysed with microscopic diffuse relectance spectroscopy
(MDRS) and how colour changes of an object can be studied. As reproducibility of the method plays a key role
in measuring colour changes some attention had been
given to the accuracy and reproducibility of the MDRS.
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Finally, its application on a miniature painting on ivory
is described. The miniature by H. Johns depicts a portrait of Albert Casimir August Duke of Saxony-Teschen
(1738 - 1822) and is signed and dated 1791 (Michaelis
2012). Since 1894 the miniature is in the possession of
the Berlin Museums Gemäldegalerie, Kat. Nr.M.338,
dimensions 7,8 x 6,2 cm (Figure 1). An intriguing discrepancy between the colour scheme of the sash of the
Order of Saint Stephen of Hungary in this painting and
the heraldically correct colours shown in other portraits
of the Albert Casimir August. This portrait shows a sash
in the colours blue with a central stripe in red fading into
white. In other representations of the Duke the sash is
heraldically correct: green with a central red stripe. For
instance the miniature by Heinrich Friedrich Füger, dated 1785/86, kept in the Albertina, Wien, Inv. Nr. 25703
(Figure 2). This lead to the question if the painting has
perhaps suffered from a severe change in colour due to
(light)fading or if the sash of the Duke – for unknown
reasons – was not painted in the common colour scheme. If a colour change has occurred due to light fading,
areas which are normally covered by the frame might
have been protected from this fading. The vegetation in
the background and the sash are partly covered by a 19th
century frame which was removed from miniature for the
study. However, close visual investigation could not reveal any trace of a remaining green/yellow colourant on
the rim of miniature and consequently it was dificult to
settle the question in a straightforward manner.
Only non-invasive and non touching analytical methods
were used in this study. Besides the Vis diffuse relectance spectroscopy coupled to a zoom stereo microscope,

Figure 1: SMB- Gemäldegalerie (Foto Christoph Schmidt)
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Figure 2: Detail of the miniature by Johns (left) compared to
the version by Füger (Albertina, Wien)

optical microscopy, UV luorescence, micro X-ray luorescence (µ-XRF), Fourier Transform Infrared (FT-IR)
relectance spectroscopy and micro-Raman spectroscopy
(µ-Raman) were used for the analysis.

2 Experimental
2.1 Vis diffuse relectance spectroscopy using a zoom stereo microscope
A Zeiss SteREO Discovery V8 stereo microscope with
8x manual zoom was coupled with a Zeiss PDA Vis spectrometer, type MCS621 VIS II (Fig. 3). An external light
source has to be used to illuminate the object surface.
Here a cold light source with swan-neck light guides
(SCHOTT KL 1500 LCD with a Phillips 15 V, 150 W halogen cold light illuminant) was used. The ibre optic of
the light guides can be attached to the microscopic stand
of the zoom microscope. This ensures, that the illumination conditions remain the same when the microscope is
moved relative to the object to focus onto the surface studied. The observer i.e. the optical axis of the microscope
objective is aligned parallel to the normal of the sample
surface and the illumination of the sample area can be
adapted to be at 45° to the surface normal. Such a coniguration reduces the component of the specula relected
light and corresponds to the commonly used geometry
for FORS measurements. This 45/0 geometry is also
recommended in standards which treat colour measurements (e.g. German standard DIN 5033, Teil 7). The
diffuse relected light passes through the zoom microscope and is guided to the spectrometer via an interface
(manufactured by A.S. & Co Munich, Germany) which
is itted on the camera adapter and couples the microscope with the optical ibre. This interface was initially developed for forensic science laboratories where microspectrophotometry (MSP) in transmission mode is used
for the identiication of textile ibres or hair by absorption
spectra (Eng et al. 2009, Barrett, et al. 2010, SWGMAT
1999). Lenses and an aperture inside the interface allow
to select a small area from the full view of the microsco-

RÖHRS/STEHR Vis diffuse relectance spectroscopy coupled to a zoom stereo microscope – a new tool for the analysis and documentation of miniature paintings

Figure 3: Microscope relectance spectroscopy coupled to a
stereozoom microscope on a desktop stand during
the measurement of the reference samples.

pe for spectral analysis. The interface can be used with a
choice of round or rectangular apertures in different sizes
to adapt the shape of the selected area to the needs. The
size of the selected area on the object surface depends on
the size of the aperture and the magniication factor of
the microscope. The smaller the aperture, the weaker is
the intensity of the passing light. Under constant lighting
conditions this can be compensated by a longer integration time for the spectrometer. With a small pinhole of
0.05 mm diameter and the maximum integration time of
ive seconds measurements were still possible using the
swan-neck illumination.
Depending on the objective the working distance can
be about 8 cm (Plan S 1.0x) or 13 cm (Achromat S 0.5x).
The size of the area selected for the measurement depends on the pinholes inserted into the interface (none,
0.6 mm, 0.3 mm, 0.1 mm or 0.05 mm diameter) and the
overall magniication factor of the stereo microscope:
objective (1.0x or 0.5x), adjustable zoom-factor (1.0x
to 8.0x). By choosing the appropriate parameter the area
for the measurements can be adapted between approx.
10 µm and 4 mm diameter. The zoom factor is adjustable with a mechanism which clicks into place at a given
magniication factors. This allows recovering the exact
same zoom position for two measurements if the zoom
had to be changed in between. For the measurement of
the miniature no pinhole was inserted into the microscope-spectrometer interface resulting in a selected area
for the measurements with a diameter of approx. 0.6 mm
at a zoom factor of 4.
Green light from a LED in the spectrometer can be
projected thought the interface onto the sample surface
to visualize the area selected for the relection analysis.
Documentation of the selected area is possible with a digital camera. The stereo zoom microscope was modiied
with a light splitter which enables the possibility to it the
spectroscopy interface and the photographic camera at
the same time. A Jenoptik ProgRes CFcool CCD camera
with a 2/3 inch sensor and a resolution of 1360 pixel x
1024 pixel was used to take photos for documentation
purposes. The camera and the spectrometer are control-

led by software installed on a laptop PC. The spectrometer is run by the SpectraVision(R) software by A.S. & Co
and Jenoptic ProgRes(R) CapturePro software pilots the
camera.
The Zeiss PDA Vis spectrometer has a spectral range
from 310 nm to 1100 nm. The spectral resolution of the
spectrometer is 10 nm (half with at 1/10 of maximum)
and its wavelength accuracy is better than 1 nm. For the
spectroscopic measurements the dark current and a white
standard (pressed BaSO4) were measured. The white
standard has to be measured with precisely the same
experimental settings (e.g. spectral integration time,
aperture, zoom factor, lighting conditions, distance) as
the sample surface. Care has to been taken, that no stray
light falls into the objective. Therefore it is recommended
to darken the room for the measurements as light from
lamps or windows can interfere with the measurement.
The spectral range from 380 nm to 780 nm were acquired
in this study, since the spectral power distribution as seen
by the spectrometer through the microscope (Fig. 4) is
low outside this range.

Figure 4: relative intensitv of the light source as seen by the
spectrometer through the microscope.

The table top-support of the microscope allows the investigation of smaller objects which can be placed under
the microscope. With a full height microscopic stand large objects as paintings, wall mounted art, wall paintings
or polychrome sculptures can be investigated.

2.2 Other instrumentation

UV luorescence images were taken by a Dino-Lite AM4013FVT2 digital USB microscope which was connected to a laptop PC. Micro X-ray luorescence (µ-XRF)
was carried out by an Artax spectrometer from Bruker
with a 30 W molybdenum X-ray tube, SDD detector and
a polycapillary optic to focus the beam to a 80-100 μm
spot (depending on wavelength). The Raman spectra
were measured with a Horiba XploRa Raman microscope equipped with 532 nm (90 mW), 638 nm (24 mW) and
785 nm (25 mW) lasers. The Raman spectra were acquired with a ilter reducing the laser power to 10 % of its
initial value at rather short accumulation times to reduce
the risk to damage the objects with the laser. The FT-IR
relectance measurements were carried out with a Perkin
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Elmer Paragon 1000 PC coupled to a FT-IR microscope.
The object discussed here was small enough to be studied directly on the microscope stages of the FT-IR and
Raman spectrometers.

3 Results and discussion
3.1 Colour measurement by microscope diffuse relectance spectroscopy (MDRS): accuracy and reproducibility
The reproducibility of the method was estimated to
evaluate if the MDRS results can be reproduced from
one measurement to another. This becomes important
if the colour measurements are repeated after a certain
time span, e.g. monitoring the colour of an object over
a longer time. The accuracy describes the correctness of
the measurement result. High accuracy of measurement
results allow to compare results obtained from different
instruments without an instrumental systematic error. In
the monitoring of colour of an object over a longer time
it might become necessary to compare results different
instruments as a given instruments might not be available
any more after a certain time. From the diffuse relection
spectra the colour values in the CIE L*a*b* colour space (CIE 1976 Commission Internationale de l'Éclairage
as described in International Standard 11664-4:2008)
can be calculated. This colour space is adapted to the
human colour perception taking into account the size of
the coloured area (observer angle) and the type of illumination (daylight, halogen light etc.). In the CIE L*a*b*
colour space each colour can be represented by a point in
a three dimensional space with the coordinates L*, a* and
b*. L* is the lightness of the specimen being measured
on a scale from 0 (black) to 100 (white). The hue and
chroma of the sample are described by the parameters a*
and b*. The parameter a* is a scale of green to magenta
with negative values being green and positive samples
being magenta, likewise b* is a scale from negative value
being blue to positive values being yellow. The distance
of the point from the L* axis can be understood as chroma
value (saturation) with a stronger colour saturation for
points further away from the L* axis. The difference of
two colour values can be described as ΔE which is the
Euclidian distance of two points in the Cartesian coordinate system (Berger-Schunn 1994, p. 58).
The reproducibility of the colour measurement was tested on a white sample. Two series of ten measurements
were taken with same magniication and pinhole (0.6 mm
pinhole), each series after switching on the spectrometer
with its own dark current and white standard measurement following the procedure of the European Standard
EN 15886:2010 for the colour measurement of surfaces.
The difference between the average values of the two series was ΔE < 0.4. The European Standard asks for a ΔE <
1.5 to ensure a good reproducibility of the measurements.
The average distance of the individual measurements to
the arithmetic mean value of the series of measurements
was around ∆E = 0.2.
To get an approximation of the accuracy, the variability of the results from three instruments was estimated. Two common handheld colourimeters (Dr Lange
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Spectro-color and the Konica-Minolta CM 2600d) and
the microscope diffuse relectance spectroscopy were
tested. The results of the colour measurements were calculated according to the CIE L*a*b* colour space for a
10° observer and a D65 illumination (daylight). For the
microscope spectroscopy the inluence of the zoom factor on the results of the colour measurement was tested
by measurements made at two different magniication
factors.
For the tests the colours cyan, yellow and magenta of a
colour chart (B.I.G Farbkarte #13) were measured. The
results of the measurements are presented in Table 1. The
precision of the individual instruments is relative high
compared to the differences of the results between them.
Table 1: Results of the colour measurements of common
handheld colourimeters and MDRS

Instument L
MDRS 1.0x 57
MDRS 4.0 x 57
Konica Minolta 59
Dr. Lange
56

Cyan
a
b
-24 -48
-23 -48
-31 -43
-34 -42

Yellow
L a
b
87 -12 87
89 -11 81
86 -5 79
85 -2 85

Magenta
L a b
47 72 -4
49 72 -7
50 64 -9
48 68 -2

The results show that the colour values from the two
handheld colorimeters are in average ΔE = 6.3 apart. The
difference between the two handheld colorimeters and
the microscope relectance spectroscopy was in average around ΔE = 9. The results obtained by using different magniication factors of the MDRS are in average
ΔE = 3.7 apart. These rather large variations of the results
between the colourimeters are unsatisfying. It seems not
advisable to use more than one instrument in a study to
avoid instrumental systematic errors.
The working distance of the microscope diffuse relectance spectroscopy is deined by the microscopes objective. As the distance between microscope and the objects
surface has to be adjusted for each measurement, an operational error in the measurement due to incorrect adjustment of the distance can occur. It was found that a slight
error in focussing on the sample surface did not result in
difference of the colour values (L*, b* b*). Larger misplacements, with the sample surface observed through the
ocular clearly blurred, lead to different L* values and was
related to change in the illumination of the sample surface. A change in distance between microscope and sample
changes too the alignment of the swan neck light guides
towards the sample surface since the illumination is ixed
to the microscope stand and moves up and down with it
while focussing on the sample. The observed difference
in the a* and b* values were much smaller than the difference in the L* values. No precise numbers are given here
as the resulting error strongly depends on the actual alignment of the swan neck light guides from the cold light
source. However, the adjustment of the working distance
by focussing the microscope on the sample surface was
found to be precise enough to get reproducible results.
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3.2 Pigment identiication and colour change of a miniature painting
To answer the question if a severe colour-change from
green to blue had occurred on the miniature several spots
on the miniature have been analysed without sampling
and only with non-invasive techniques. The main focus
of the study was therefore set on the identiication of the
colourants used for the sash, because of its obvious discrepancy between the displayed colour scheme and the
heraldically correct scheme (green-red-green) (Fig. 2).
The sash covers the shoulder and the area of the chest
of the duke and appears in blue, red and white colours.
A light relex falls on the sash in the area of the shoulder. In this area a white layer is applied covering the blue
paint layer and the middle stripe of the sash (Fig. 5). In
the area of the chest the middle stripe of the sash is red.
The red is fading out towards the shoulder area of the
sash. Two red hues can be observed: a deep red and a
lighter brownish red. Both reds were analysed by MDRS

volume concentration) and in the case of pigments also
their size has an inluence on scattering and absorbing
properties and therefore on the relexion spectrum (Johnston-Feller 2001, Chapter 3). The interpretation of the
irst derivative of the spectra can facilitate identiication
in some cases (Fuchs & Oltrogge 1994). The deep red
gave a spectrum similar to vermilion (Fig. 8), but slightly
shifted towards yellow compared to the reference spectrum of vermillion. The shift is possibly an effect caused
by yellowing of the binding medium, as no varnish layer
was observed on the miniature. The presence of vermilion was in this case conirmed by Raman spectroscopy
and with the detection of mercury by µ-XRF.
The light brownish red paint layer gave an orange
luorescence under UV light (Fig 5b) which suggested
that a red lake was used, but the identiication of the Vis
spectrum remained ambiguous (Figure 8). Analysis of
this lake by µ-XRF and Raman did not give conclusive
results. Frequently colourants are laked with aluminium

Fig. 5a and 5b: Detail of the sash in visible light (a) and UV
light (b)

Figure 6a and b: Areas selected for measurement for deep red (a)
and light brownish red (b). Both circles are 0.6 mm.

(Figure 6 a and b). The areas gave different spectra
(Fig. 7). As many colourants give very similar spectra,
identiication of the colourant by Vis diffuse relectance
spectra is often dificult. Additionally, the binding media,
colour depth (saturation, i.e. layer thickness or pigment

ions but the µ-XRF did not detect Al in this region. Raman was not able to give an interpretable spectrum from
this layer. The FT-IR spectra suggested the presence of a
gum (Fig 9) and the presence of phytolacca (in German
Kermesbeere). Two maxima of the irst derivation of the
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Figure 7: diffuse-relectance spectra obtained from the sash

Figure 9: FT-IR relectance spectrum from the light brownish
red (in black) with the corresponding references.

Figure 8: spectra from red areas with spectral from references
vermillion and cochenille

MDRS spectrum at 536 nm and 583 nm (Fig. 8) might
hint toward its use as well, showing the same spectral
shift compared to the reference as observed in the vermillion spectra. Phytolacca or Kermes was (among others)
a commonly used red colourant for miniature paintings
(Pappe 1993, p 300).
The white of sash was identiied by Raman and FTIR
spectroscopy as lead white. This was conirmed by the
high lead signal in the µ-XRF spectra in the white areas.
The identiication of the white by MDRS was not possible. The Vis spectrum is shown in Figure 7. Generally
a white pigment is characterised by a high relectance in
the largest part of the visible spectral range. The white of the sash shows a decrase in relection towards the
shorter wavelength. The most probable explanation for
this is either yellowing of the binding media or the white
is not completely covering the underlying ivory (no full
tone) which inluences the relection spectrum. The colour measurement of the white from the sash gave colour
values (L*: 89, a*: 2,1, b* 6,6) which correspond to a
orange tone. Also the white applied for the highlights and
on other areas of the painting was identiied as lead white
by µ-XRF and Raman and by FT-IR. In the UV images
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the lead white appears in a typical brown to pink tone
(Fig. 11) (Stuart 2007).
The blue of the sash and the blue in other parts of
the painting was identiied as Prussian blue by MDRS
(Fig. 10) and Raman. The Vis spectrum of Prussian blue
differs signiicantly from those of indigo and ultramarine.
The latter two show a strong relection in the range above
650 nm (Bartoll et al 2007). The light blue colour in the
coat and the sky was too painted with Prussian blue; here
it was mixed with lead white.
To solve the question if the blue of the sash had formerly been green, the yellow colourants on the painting have
been studied, since a yellow would have to be mixed
with the blue to give a green. Two yellowish tones have

Figure 10: vis diffuse-relectance spectrum of the blue from the
sash compared to several reference spectra.
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Fig 11a and b: Detail of the sash in visible light (a) and UV light (b), pastose yellow paint on shoulder and UV response of the
paints in the drapery of the sleeve.

been used on the miniature. However, the identiication
of the yellows was only partly successful. A yellow at
the shoulder (Fig 11) was identiied by relectance FT-IR
as a plant juice or a gum. The use of a resin or oil can be
excluded by FT-IR but it was not possible to identify this
substance more precisely. This yellow was applied in a
very pastose way and sits like a drop on the surface of
the miniature. MDRS was not used on this spot. The area
was too glossy and too curved to give interpretable results. This plant product might serve as the binding media
or as a colourant. As binding medium for the miniature
probably gum arabic was used but also other plant juices
such as gamboge have been used as yellow colourants at
that time. Another type of yellow was used on the armour
(Fig 12). The MDRS matches with a dark ochre pigment
(Fig. 13). This is conirmed by the µ-XRF results which
indicate the corresponding presence of iron and manganese. The µ-XRF also indicated the presence of mercury
and lead which might suggest that the ochre was mixed
with vermillion and lead white. Some red particles can
be seen under higher magniication, possibly vermillion
(Fig. 12). The relection spectrum resembles the reference spectrum of ochre but a shift of the maximum in the

Figure 12: Yellow on armour area selected for measurement

irst derivate to the red is observed, possibly an inluence
of the vermillion mixed into the ochre.
About the original colour scheme of the sash on this
miniature one can only speculate. Fading of colours

Figure 13: irst derivative vis diffuse-relectance spectrum of the
gold/yellow area of the armour compared to the reference spectrum of dark ocker

might have changed the appearance of the sash. The large
white area close to the shoulder in the middle strip of the
sash seems to indicate that at least some fading of the red
colourant (probably phytolacca or Kermes) had occurred.
If the sash would have been painted in the colours green/
red/green by Johns in 1791, than the Prussian blue of the
sash would have probably been mixed or glazed with a
yellow colourant to give a green colour. Gamboge or Stil
de grain yellow from buckthorn berries could have been
used since they are reported in miniature painting literature (Pappe 1993, p. 300). Most of them are not photochemical stable, even if gamboge survived quite well
on tapestry from the 18th century in the Prussian palaces
(Bartoll, personal communication), it has the tendency to
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measurement on the small areas allowed differentiating
blue hues in a way dificult to achieve for the human eye.
The MDRS can therefore help – reproducibility provided - estimating colour changes of detailed objects over
longer time spans as exempliied by Saunders et al 1993
for a long-term colour changes over twenty years. MDRS
delivered information for the identiication of colourants
and proved to be a useful tool for the studying objects
with small details. However, for a conirmative identiication of the colourants complementary methods as Infra-Red, Raman and X-ray spectroscopy might be necessary in most cases.
Figure 14: Scatter plot of the a* and b* colour values of the
different blue painted area of the miniature

fade in sunlight as shown by Russell and Abney (Russell
Abney 1888, p. 29).
The vegetation depicted in the background appears
in rather blue and brown colours; also here the use of a
more greenish colourant would have been plausibly. In
Figure 14 the a* and b* colour values of the four main
blue areas sash, coat, leaves and sky are shown in a scatter plot. The plot shows that the blue of the coat is painted
in a stronger reddish hue than the blue of the sash. The
colour measurements from the coat seem to lie on a line
intercepting the axis close to the origin of the coordinate
system. This is the result of the mixing of the Prussian
blue with achromatic colours (an organic or bone black
and lead white). The leaves are in a much more greenish
blue tone than the sash. The blue of the sky is between
the hue of the sash and the leaves. This is somewhat unexpected as the greenish hue was sought in blue of the
sash. If the green hue in the leaves and sky is due to the
presence of yellow colourant, this yellow colourant was
most probably used for the sash as well and should equally be present there. However, no yellow tone is observed
in the blue of the sash, this shows how little yellow is
mixed with the blue today and potentially never was.

4 Conclusion

The coupling of Vis diffuse relectance spectroscopy to
a zoom stereo microscope enables the investigation of
much smaller areas which were not accessible with existing techniques. This was advantageous for the investigation of the small and detail rich object of this case study.
With the zoom function and the microscope and a set of
apertures insertable into the interface, the size of the spot
analysed can be adapted to the needs. The combination
of the spectrometer with the zoom microscope facilitates
the Vis diffuse relection measurements during the visual
examination of the object or sample and enables the documentation of the investigated area with digital images.
The study of the miniature painting exempliies the application of this new technique. Colourants as Prussian blue,
vermillion and phytolacca (Kermes) could be identiied.
The identiication of remains of a colourant responsible
for the suspected colour change was not possible. Colour
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