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Introduction

Excitation-emission spectroscopy becomes increasingly useful in the study of
photo-luminescent materials. The spectral selectivity of the technique enables the
guantification of multiple emitting sites in rare-earth doped crystals'—3 as well as
the rapid acquisition of polycyclic aromatic hydrocarbons (PAH) in contaminated
water.*> In order to obtain a complete spectral fingerprint via excitation-emission
spectroscopy, scans at multiple excitation wavelengths over the emission spectra
are required. Especially in the case of rare-earth materials with narrow emission
linewidths, this is extremely demanding in terms of resolution. The acquisition
time of such excitation-emission maps (EEM) can be significantly reduced by using
Charge Coupled Device (CCD) detectors.

A CCD detector contains an array of photo-sensors which enables the detection of
light with spatial resolution. CCD detectors for the visible and NIR range can be
integrated into the Edinburgh Instruments range of fluorescence spectrometers.
Consequently, multiple wavelengths are recorded simultaneously with this
approach, so that an entire emission spectrum can be acquired in a single shot.
Measurements such as excitation-emission maps are therefore much faster with a
CCD compared to standard photomultiplier tube (PMT) detectors. In addition, this
enables the acquisition of highly resolved excitation emission maps in a rapid
manner compared to traditional PMT detectors used in spectroscopy, as will be
outlined in this application note.

Experimental setup

In an FLS980 Fluorescence Spectrometer configured for CCD or array detection, a
single emission monochromator is used as a spectrograph that directs the
emission from the sample to the input window of the detector.
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The monochromator has one port with a computer-controlled slit for PMT
detection, and a second imaging port with a wide aperture for the CCD or array
(Figure 1). When acquiring spectral data with the CCD camera, the
monochromator is set to the centre wavelength of the emission spectrum.

Results - Discussion

In the following Figures 2-4, excitation-emission maps acquired with CCD
detectors are shown. Both visible and near-infrared (NIR) detectors based on
InGaAs arrays are fully controlled from the spectrometer’s software, F980. The
software allows the user to display the data as 2D, contour maps and 3D plots.
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Figure 2: Excitation-emission map of anthracene in cyclohexane acquired with a visible
CCD camera (1024x255 pixels, 26x26 um pixel size) cooled down to -40 °C.
Measurement conditions: AAex=5nm, stepexc=1.00nm, Aem=500nm, AAem=1nm
stepem=0.553nm, tint=0.5s, tacg=15min. The cross sections correspond to blue:
)\exc/)\em=355nm/400nm, red: )\exc/)\em=375nm/400nm and
green: Aexc/Aem=375nm/423nm.

Room temperature emission from the °Ds4 level to ’Fs and ’Fs levels of Tb3*
resulting in strong green emission are displayed in the EEM of LaPO4: Ce, Tb of
Figure 3. To obtain a map with this resolution an acquisition time of 58 min was
required, compared to 90 h needed when a PMT is used. Estimated acquisition
times for EEM of anthracene and Nd: YAG with a PMT were 15 h and 2 h,
respectively.
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Figure 3: Excitation-emission map of LaPOa4: Ce,Tb acquired with a visible CCD camera
(1024x255 pixels, 26x26 pm pixel size) cooled down to -70°C. Measurement conditions:
AAex=0.50nm, stepexc=0.20nm, Aem=550nm, AAem=0.3nm, stepem=0.568nm, tint=0.5s.
tacg=58min. The cross section is at Aexc/Aem=290nm/544nm and a 3D map is shown in

the inset.
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Figure 4: Excitation-emission 3D map of Nd: YAG acquired with a 1.7 um InGaAs array
detector (1024 pixels) cooled down to -70 °C. Measurement conditions: AAex=0.50 nm,
stepexc=2nm, Aem=1100nm, AAem=0.5nm, stepem=0.118nm, tint=0.5s, tacg=10min.
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Proprietary notice

Words and logos marked with ® or ™ are registered trademarks or trademarks owned by EDINBURGH INSTRUMENTS Limited. Other brands and names mentioned
herein may be the trademarks of their respective owners.

Neither the whole nor any part of the information contained in, or the product described in, this document may be adapted or reproduced in any material form except with

the prior written permission of the copyright holder.

The product described in this document is subject to continuous developments and improvements. All particulars of the product and its use contained in this document are
given by EDINBURGH INSTRUMENTS in good faith. However, all warranties implied or expressed, including but not limited to implied warranties of merchantability, or

fitness for purpose, are excluded.

This document is intended only to assist the reader in the use of the product. EDINBURGH INSTRUMENTS Limited shall not be liable for any loss or damage arising from
the use of any information in this document, or any error or omission in such information, or any incorrect use of the product.

Confidentiality status

This document is Open Access. This document has no restriction on distribution.

Feedback on this Application Note

If you have any comments on this Application Note, please send email to sales@edinst.com giving:
the document title
the document number
the page number(s) to which your comments refer

an explanation of your comments.

General suggestions for additions and improvements are also welcome.
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