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Obtaining Raman spectra especially in reaction 
monitoring is often plagued by fluorescence either from 
molecular fluorophores or from particulates, e.g. Pd 
nanoparticles, in the reaction mixture. An additional 
challenge is in obtaining true Raman spectra in the 
presence of chromophores, whose Raman scattering 
can dominate a spectrum even when present at sub-
millimolar concentrations.  Moving into the NIR spectral 
region and away from the resonance absorption re-
gions of the fluorophores is one strategy to circumvent 
such problems. However the excitation wavelength is 
essentially limited to 785 nm to 850 nm when depend-
ing on traditional silicon based CCD cameras due to 
the drop off in sensitivity around 1 µm. This is where 
the relatively new InGaAs based multichannel array de-
tectors can come to our aid, extending sensitivities well 
into the NIR beyond 2 µm, so that excitation at longer 
wavelengths such as 1064 nm can be used. 

Obtaining Raman spectra with 1064 nm excitation 
generally has been limited to Fourier Transform (FT)-
Raman systems, which are inherently cumbersome and 
pose difficulties in applications requiring portability. An 
added disadvantage is that often the acquisition of a 
good spectrum results in damaging the sample due to 
the intensity of the excitation needed, which has serious 
implications for such research areas as the micro-spec-
troscopic analysis of living cells. Recently the availabil-
ity of high quality compact continuous wave 1064 nm 
lasers together with multichannel NIR sensitive TE 
cooled InGaAs based detectors, such as the Andor  
iDus InGaAs photodiode array camera, has opened up 
new opportunities in NIR Raman spectroscopy. 

A series of illustrative spectra taken with an InGaAs 
camera (DU490A-1.7) are given in this note. Figure 
1 shows how the influence of fluorescence may be re-
duced by using excitation at 1064 nm; 1(A) shows the 
spectrum from a solid sample of 9-methylanthracene at 
a wavelength excitation of 785 nm, whilst 1(B) shows 
the spectrum acquired with excitation at 1064 nm (no 
post processing applied). The reduction in background 
fluorescence is evident.  

Figure 1: Spectra from 9-methylanthracene, A - lexc of 785 nm and B - lexc of 
1064 nm. 

The dispersive NIR spectroscopy system used was built 
around the iDus InGaAs (DU490A-1.7) photodiode 
array (PDA) coupled via an InGaAs correction flange 
to the Shamrock SR-163 spectrograph fitted with a 
300 l/ mm grating blazed at 1250 nm. The spectro-
graph was fitted with a manual adjustable slit and fibre 
adapter. Raman scattering was collected via a commer-
cial Raman probe (Inphotonics) configured for excita-
tion at 1064 nm. Excitation via a fibre coupled to a 
CW 1064 nm laser delivered up to 200 mW power at 
the sample. The Raman signal was fed into the spectro-
graph with a ‘circular to line’ short fibre optic.  Figure 
2 shows a schematic of the system used. A picture of 
the Idus InGaAs camera and spectrograph is shown 
in figure 3. The resolution is 12 cm-1 measured using 
calcite.2

Some sample NIR Raman spectra are shown in fig-
ure 4. Typical acquisition parameters used were expo-
sures of 5 s with 4 accumulations and the spectrograph 
was set up with a slit width of 10 µm. The spectra were 
background corrected and no post-processing was 
applied. 
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A major problem in NIR Raman is sample heating 
which produces substantial amount of background 
emission especially with 1064 nm Raman. Even solid 
samples that do not absorb light at this wavelength can 
heat up rapidly. Hence it is essential that the detec-
tion system is sensitive enough to allow for low laser 
intensities at the sample. In the examples in Figure 4 
(ii and iii) sample burning is immediate at 200 mW 
laser power. Decreasing the power to just 20 mW 
prevents sample heating but high S/N spectra can be 
obtained in a short amount of time (< 4 min).
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Figure 2: Schematic of experimental setup showing the Raman probe delivering 
the excitation source to the sample, collecting the Raman signal and delivering 
it into the spectrograph.

Figure 3: The IDus InGaAs on a Shamrock SR163 spectrograph.

  

Figure 4: Sample Raman spectra taken in the NIR with a CW Nd-Yag laser at 
1064 nm and the IDus InGaAs on a range of different organic and inorganic 
solid materials. (i) Acetonitrile/toluene (1/1 v/v) 200 mW at sample sum of five 
4 s exposures; ii) [Ru(bipy)3](PF6)2 solid sample 20 mW at sample sum of ten 5 s 
exposures; iii) [Mn2O3(trimethyltriazacyclononane)2](PF6)2 solid sample 20 mW 
at sample sum of twenty 10 s exposures. Spectra are background corrected. 
No post acquisition processing has been applied.



Raman spectroscopy in the NIR  

using InGaAs Multichannel Detectors   

W. Browne, Stratingh Institute for Chemistry, University of Groningen, The Netherlands (September 2011)

Application Note

 

LOT-QuantumDesign GmbH. Im Tiefen See 58. D-64293 Darmstadt.  +49 6151 8806 0.  info@lot-qd.de. www.lot-qd.com/ccd    

0

10

20

30

40

50

60

70

80

90

100

0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4

Q
E 

(%
)

Wavelength (µm)

1.7

2.2

 

Figure 5: Quantum Efficiency (QE) characteristics of two different InGaAs  
detectors with extended sensitivities to 1.7 µm and 2.2 µm respectively.

InGaAs detectors are available which have different 
extended sensitivities into the IR. It should be noted 
though that the levels of dark noise increases signifi-
cantly for those materials grown to extend sensitivity 
further into the IR. Thermoelectric (TE) cooling enables 
cooling of the InGaAs sensor in the iDus down to 
-90 °C where the intrinsic sensor noise is reduced well 
below that due to the ambient background. As well as 
the convenience and reduced running costs, an added 
advantage of TE cooling compared with the traditional 
liquid nitrogen (LN2) is the ease of implementation into 
portable systems.  
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