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Raman Analysis in Microreactor Channels 

 
 
Introduction 
Raman microscopy is a technique with a wide 
variety of applications from semiconductors 
and mineralogy, to pharmaceuticals and 
forensics.  It provides a non-invasive technique 
for obtaining full spectral information on the 
microscopic scale. 
 
The LabRAM INV, with its inverted microscope, 
presents a unique new configuration for 
Raman microscopy, which has proven vital for 
microreactor technology research. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: the LabRAM INV 
 
Miniaturization in Chemistry 
 
Interest in developing microfluidic systems has 
grown considerably, as the reality of achieving 
a faster and cheaper means of performing 
chemical analysis has been demonstrated. The 
principles demonstrated by miniaturised total 
analysis systems can readily be exploited to 
develop reactors on the micron scale for the 
synthesis of organic compounds. In this field, a 
strong research base is now developing, and 
has established the need for monitoring and 
characterisation of these microreactor systems. 
 
The LabRAM INV with its inverted geometry 
enables microreactors to be easily monitored 
(Figure 2). The reactor fits into the normal INV 
sampling position, with all the dosing and 
electrical connections for the reactor mounted  

 
on the usual top face. The microchannels can 
be monitored precisely from beneath, with 
mixing and kinetic information defined and 
interrogated at various points along its length.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: the unique inverted sampling 
configuration of the LabRAM INV opens up 
new possibilities for analysis 
 
 
Ethyl Acetate Synthesis 
 
Preliminary data has been obtained for the 
acid catalysed reaction of acetic acid and 
ethanol to synthesise ethyl acetate.  The 
industrial applications of this reagent are 
numerous, but in this case, the system was 
chosen for more fundamental reasons,  namely 
strong Raman scattering by reactants and 
products, allowing the reaction to be monitored 
with ease. 
 

 

 
Figure 3: the ethyl acetate synthesis reaction, 
with the Raman spectra of the individual 
components shown beneath. 
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Spatial Imaging of Mixtures 
 
Preliminary studies were undertaken to 
investigate the spatial distribution of 
components across the T-junction.  No acid 
catalyst was included, ensuring that ethyl 
acetate would be not formed, and thus allowing 
the distribution of ethanol and acetic acid to be 
fully characterised. 
 
The flow within the microchannels is laminar 
(ie, no turbulence), and so the two liquids meet 
at the T-junction and then flow side by side 
down the channel. Any mixing that occurs does 
so only by interdiffusion across the interface 
between the two laminar streams.  

 
 
Figure 4: optical micrograph of T-junction with 
flow directions shown. 
 
 
 
 
 
 
 
 
 
 
Figure 5: 3D plots of Raman intensity (without 
background subtraction) in the T-junction 
region for specific bands.  (a) 893 cm-1 from 
acetic acid.  (b) 882 cm-1 from ethanol. 
 
Low resolution Raman mapping over a 375 µm 
x 375 µm area (step size ≈ 18 µm and 25 µm 
in X and Y dimensions) clearly illustrates this 
(see Figure 5). The two distinct streams can be 
identified, flowing down the channel towards 
an end reservoir. The ‘spike’ apparent in the 
left hand side of the cell in Figure 5b is caused 
by a defect in the glass structure, resulting in 
an unusually strong fluorescence signal at that 
point. 
 

 
 
Monitoring the Chemical Reaction 
 
With the acid catalyst included, the chemical 
reaction to synthesise ethyl acetate within the 
microreactor can now be monitored. 
 
Analysis at five discrete sampling points across 
the centre of the channel (see Figure 6) results 
in identification of the ethyl acetate product at 
the centre of the cell. The band at 845  cm-1 is 
clearly visible at position 3, corresponding to 
the join between the two streams.  At the 
edges (positions 1 and 5) the spectra 
correspond to those obtained for pure acetic 
acid and ethanol, respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: Raman spectra (left) acquired from 
different positions within the T-junction (shown 
above) 
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Concentration Profiles 
 
In order to profile the concentrations of the 
reactants and product, the relationship 
between concentration and Raman intensity 
must first be identified. 
 
Figure 7 shows the expected linear relation 
between concentration and Raman intensity for 
the acetic acid, ethanol and ethyl acetate. 
 
 
 

 
 
Figure 7: Calibration results of Raman 
Intensity vs concentration 
 
 
 
 
The calibration plots obtained allow 
concentrations to be deduced from Raman 
spectra acquired from various positions within 
the T-channel.  Figure 8 (below) shows the 
concentration profiles of the reactants and 
product across the downstream microchannel 
at two Y positions (Y = 750 µm and Y = 3150 
µm ) corresponding to times after contact of 
the reactants of 2.3 s and 9.8 s respectively. 
 
It can be seen that that the concentrations of 
reactants and product depend both upon X 
position (giving an indication of the diffusional 
mixing of the reactants) and Y position 
(corresponding to increasing time for reaction).  
The asymmetric nature of the product 
concentration profile is attributed to slight 
differences in diffusion speeds and viscosities 
of the species in the mixture region. 
 
 

 
 

 
 
 

 
 
Figure 8: concentration profiles for acetic acid, 
ethanol and ethyl acetate across the 
downstream channel at different Y positions, 
corresponding to 2.3s and 9.8s after 
initialisation of reaction. 
 
 
Conclusions 
 
The flexibility provided by the inverted 
microscope configuration of the LabRAM INV 
is ideally suited to in situ Raman 
measurements within microreactor channels.   
 
Information on flow properties, mixing and 
reactions within channel networks can be 
obtained, allowing reactions to be fully 
optimised.  In particular, the Raman 
concentration imaging method described in this 
application note provides a valuable tool for 
testing and validating mathematical models of 
organic reactions in these microchannel 
systems. 
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The true confocal performance of the LabRAM 
systems ensures that the best possible spatial 
resolution can be achieved so that the Raman 
signal can be analysed with minimal 
interference from background effects, such as 
fluorescence from the glass substrate.  In 
addition, the capability for multiple laser 
wavelengths allows a wide range of reactions 
to be studied with the one instrument. 
 
 
Acknowledgements 
 
Paul Fletcher, Stephen Haswell (Department of 
Chemistry, University of Hull) and Xunli Zhang 
(Micro Chemical Systems, Ltd., Hull) are kindly 
thanked for providing the data for this 
application note. 
 
 
Key Reference 
 
Paul D. I. Fletcher, Stephen J. Haswell and 
Xunli Zhang, Monitoring of chemical reactions 
within microreactors using an inverted Raman 
microscopic spectrometer, Electrophoresis, 
2003, 24, 3239 

France :   HORIBA Jobin Yvon S.A.S., 231 rue de Lille, 59650 Villeneuve d’Ascq. Tel : +33 (0)3 20 59 18 00, 
    Fax : +33 (0)3 20 59 18 08. Email : raman@jobinyvon.fr  www.jobinyvon.fr 
USA :    HORIBA Jobin Yvon Inc., 3880 Park Avenue, Edison, NJ 08820-3012.  Tel : +1-732-494-8660,  
    Fax : +1-732-549-2571. Email : raman@jobinyvon.com  www.jobinyvon.com 
Japan :   HORIBA Ltd., JY Optical Sales Dept., 1-7-8 Higashi-kanda, Chiyoda-ku, Tokyo 101-0031.  
    Tel: +81 (0)3 3861 8231, Fax: +81 (0)3 3861 8259. Email: raman@horiba.com 
Germany:  +49 (0) 6251 84 75-0    Italy: +39 02 57603050   UK: +44 (0)20 8204 8142   
China:    +86 (0) 10 6849 2216  

(All HORIBA Jobin Yvon companies were formerly known as Jobin Yvon) 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


