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TECHNICAL SPECIFICATIONS

Spectral range 400 - 1700 nm

Spectral resolution

VIS
< 0.2 nm

IR
< 0.6 nm

Custom resolution upon request

Spatial resolution Diffraction limited

Cameras
Back-illuminated 
CCD or EMCCD

InGaAs linear array

Excitation wavelength
980 nm (Other wavelengths available)
3 laser input ports
UHP mercury lamp 130W

Microscope Scientific grade, inverted

Objectives
20X, 40X, 60X 50X, 100X

Other magnifications available upon request

Wavelength absolute accuracy 0.25 nm

Maximum scanning speed > 300 spectra/s ~ 100 spectra/s

Motorized XYZ stage 120 x 75 x 0.15 mm

Preprocessing
Spatial filtering, statistical tools, spectrum extraction,
data normalization, spectral calibration

Hyperspectral data format HDF5, FITS

Software
PC (Windows10 - 64-bits) with PHySpec™ control  
and analysis software (computer included)

Power requirement
120 VAC / 12A / 60Hz
230 VAC / 12A / 50Hz

CONFOCAL mOdE

Scanning region
300 μm x 300 μm (20x objective)
100 μm x 100 μm (60x objective)

Pinhole diameter 30 to 200 µm

CuvETTE mOdE

Cuvette size Standard 10 mm x 10 mm (3.5 mL)

FLuOrESCENCE mOdE

Camera Megapixel colour camera for fluorescence and sample visualization

Illumination lamp UHP mercury lamp 130W

Epifluorescence filter cubes Up to 6 different filter cubes

CIMA is a hyperspectral confocal system sensi-
tive between 400 and 1700 nm. Spectral reso-
lution can be as low as 0.2 nm in the visible 
range, and 0.6 nm in the infrared. It pairs a 
galvanometer head and one of the fastest and 
most sensitive cameras on the market to yield 
an acquisition rate above 300 spectra per sec-
ond. CIMA provides three acquisition modes: 
confocal hyperspectral imaging, multispectral 
fluorescence imaging, and emission spectros-
copy of a sample in a cuvette.

HyPErSPECTrAL CONFOCAL
 SySTEm

CImA™

CImA APPLICATIONS OvErvIEW: 

» Simultaneously study the spatial
distribution and spectral properties
of complex nanomaterials such
as upconverting nanoparticles
and quantum dots.

» Perform in vitro or in vivo high resolution
hyperspectral microscopy.

» Develop new sensors based on environment
dependent spectral shifting of their
fluorescence signal.
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nanoparticles constitutes an important aspect, since between
the two possible crystalline phases of NaGdF4, α and β, the
latter is generally considered as the superior host material in
the context of upconversion.37 Consequently, addition of the
solvothermal approach presented here to the limited arsenal of
rapid microwave-assisted syntheses by which β- NaGdF4 can
be attained is highly beneficial. Finally, we applied the
developed microwave-assisted approach to the synthesis of
α-phase NaYF4, gaining significantly faster access to nano-
particles (32 ± 7 nm) in comparison to a previously reported
microwave-assisted solvothermal method requiring 3 h (Figure
6A3/B3).10 It is clear that the nature of the alkali- and rare-
earth-metal ions in the crystal lattice structure of the M(RE)F4
host material has a significant effect on the overall size and
morphology of the resultant particles despite being synthesized
under the same reaction conditions, which is ascribed to the
intrinsic materials characteristics of each system (e.g., stable
crystalline phase). Yet, most importantly, these results
demonstrate that by systematic tuning of the physicochemical
reaction parameters, not only does a broad range of materials
become accessible but also it is possible to significantly reduce
the time required for the synthesis of a particular material,
which is of both economic and environmental interest.
Optical Characterization of RE3+-Doped LiYF4 Micro-

particles. Yb3+/Er3+- and Yb3+/Tm3+-codoped LiYF4 micro-
crystals synthesized via the microwave-assisted solvothermal
approach developed herein exhibited characteristic upconver-
sion upon 980 nm excitation (Figure 7). Further investigation
of their optical properties by means of single-particle
hyperspectral imaging revealed spatial variability in upconver-
sion emission between and within individual particles. In this
context, hyperspectral imaging is a powerful characterization
technique that provides simultaneously spatial (for material
distribution) and spectral (for optical properties analysis)
information and has only recently emerged in the field of
nano-/micromaterials with scarce examples involving upcon-
verting systems.6,38−41 Individually assessed Er3+/Yb3+- and
Tm3+/Yb3+-codoped LiYF4 microparticles exhibited bright
upconversion luminescence in all of their signature emission

bands. For the Tm3+-doped microparticles, the visible region of
the optical spectrum is characterized by strong blue bands
centered at 455 and 480 nm stemming from the 1D2 →

3F4 and
1G4 →

3H6 transitions as well as a weaker red band at 650 nm
ascribed to the 1G4 →

3F4 transition (Figure 7A).5 In addition,
two bands centered at 790 and 801 nm, ascribed to the 1G4 →
3H5 and

3H4 →
3H6 transitions, respectively, were observed in

the NIR region.42 It is noteworthy that the integrated blue
emission is approximately 4 times stronger than both the red
and NIR emissions. For the Er3+-doped microparticles, the
visible region of the optical spectrum was characterized by a
relatively weak band centered at 523 nm and a strong band at
553 nm, both in the green range, which stem from the 2H11/2
→ 4I15/2 and 4S3/2 → 4I15/2 transitions, respectively (Figure
7B).43 Further, a strong red band centered at 660 nm and
ascribed to the 4F9/2 → 4I15/2 transition was detected. All
emission bands for both materials were observed as well-
resolved manifolds due to crystal field (Stark) splitting that is
uniquely facilitated by the asymmetric crystalline environment
of the LiYF4 host.5 In addition to this spectral information,

Figure 6. (A) SEM/TEM micrographs of RE3+-doped LiYbF4
microparticles (A1), β-NaGdF4 nanoparticles (A2), and α-NaYF4
nanoparticles (A3). (B) XRD patterns of materials presented in (A).
References: LiYbF4 (PDF#: 01-071-1211), β-NaGdF4 (PDF#: 01-
082-4232), α-NaYF4 (PDF#: 00-006-0342).

Figure 7. Single-particle photoluminescence studies on (A) Yb3+/
Tm3+- and (B) Yb3+/Er3+-codoped LiYF4 microparticles: (1)
upconversion emission spectra extracted from hyperspectral cubes
(corresponding images are shown in (2)) at two selected regions of
interest (ROIs) exhibiting brighter or dimmer emission from RE3+-
doped LiYF4 microparticles (selected ROIs are marked with bright
and dark blue and green arrows, respectively, in (2) and (3)); (2)
false-color hyperspectral images of the characteristic blue Tm3+ (440−
500 nm) and green Er3+ (510−570 nm) emissions (color code: dark
colors indicate low emission intensity, bright colors indicate high
emission intensity); (3) SEM micrographs of the same microparticles
subjected to optical investigation. Scale bars: 5 μm.
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Figure 7: Screenshot of the PHySpec software showing the hyperspectral cube data analysis process. Diverse spectral analysis methods
can be applied on the acquired hyperspectral cube: 1 shows the wavelength which was chosen for the spectral image distribution shown in 2; 3
shows the 613.26 nm horizontal (7) and vertical (8) intensity profiles; 4 shows the emission spectra extracted from the targets 5 and 6 as well as
from the area highlighted in 9. Please click here to view a larger version of this figure.

Figure 8: Alternative application of HSI probing the synergy between upconverting nanoparticles and lanthanide complexes. This
example shows the hyperspectral analysis of a hybrid system comprised of molecular crystals ([Tb2(bpm)(tfaa)6]) combined with upconverting
nanoparticles (NaGdF4:Tm3+,Yb3+). (a) Photomicrographs under white and UV light illumination along with the region of interest (ROI) used for
hyperspectral imaging under 980 nm light irradiation. (b) Tm3+ and indirect Tb3+ emissions monitored over an area of 20 x 20 µm2. (c) Variation
of the absolute intensity of the emission bands fluctuated throughout the hybrid system indicating some variability in the total amount of material
distributed over the surface. (d) The constancy of the ratio between the integrated emission of the complex vs. Tm3+: 1G4→

3H6 (squares)
and Tm3+: 1G4→

3F4 (circles) confirmed the simultaneous presence of the two moieties throughout the hybrid system and the homogeneous
interaction between them. Scale bars are 20 µm in the photomicrographs and 5 µm in ROIs and spectral maps. Photomicrographs are presented
in real colors. The Figure has been modified from reference 11. Please click here to view a larger version of this figure.

Discussion

The hyperspectral imaging protocol here described provides a straightforward approach that allows to obtain spectroscopic information at
precise locations of the sample. Using the described setup, the spatial resolution (x and y mapping) can reach down to 0.5 µm while the spectral
resolution can be of 0.2 nm for the mapping at the visible range and 0.6 nm for the NIR range.

In order to conduct hyperspectral mapping on a single crystal, sample preparation follows an easy procedure: the crystal can simply be placed
on a glass microscopy slide, covered by a cover glass as needed. Focusing the sample using the proper objective lenses and the bright field
image at the Color Camera set-up in the software is a very important step during the pre-analysis stage to obtain best resolved hyperspectral
images. Typically, higher emission intensities are obtained when the sample is well focused. Once this is done, the choice of the parameters
of the analysis such as the x and y counts and the step size will dictate the field of view and spatial sampling, respectively of the obtained

Hyperspectral Imaging as a Tool to Study Optical Anisotropy 
in Lanthanide-Based molecular Single Crystals
Emille M. Rodrigues, Nelson Rutajoga, David Rioux, Jacob Yvon-Leroux, Eva Hemmer. DOI: 10.3791/60826

microwave-Assisted Solvothermal Synthesis of upconverting 
and downshifting rare-Earth-doped LiyF4 microparticles
Nikita Panov, Riccardo Marin, and Eva Hemmer. DOI: 10.1021/acs.inorgchem.8b02697

Single-particle photoluminescence studies on (A) Yb3+/Tm3+- and (B) Yb3+/Er3+-codoped LiYF4 microparticles: (1) upconversion emission spectra extracted from hyperspectral cubes 
(corresponding images are shown in (2)) at two selected regions of interest (ROIs) exhibiting brighter or dimmer emission from RE3+- doped LiYF4 microparticles (selected ROIs are marked with 
bright and dark blue and green arrows, respectively, in (2) and (3)); (2) false-color hyperspectral images of the characteristic blue Tm3+ (440-500 nm) and green Er3+ (510-570 nm) emissions 
(color code: dark colors indicate low emission intensity, bright colors indicate high emission intensity); (3) SEM micrographs of the same microparticles subjected to optical investigation.  
Scale bars: 5 μm.

Screenshot of the PHySpec software showing the hyperspectral cube data ( lanthanide (Ln3+)-based molecular single crystal) analysis process. Diverse spectral analysis methods  
can be applied on the acquired hyperspectral cube: 1 shows the wavelength which was chosen for the spectral image distribution shown in 2; 3 shows the 613.26 nm horizontal (7)  
and vertical (8) intensity profiles; 4 shows the emission spectra extracted from the targets 5 and 6 as well as from the area highlighted in 9.
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