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Abstract Micro-reactors, µm-sized flow reaction devices, recently attract much attention, 

since they enable minimal size reaction with precisely controlled reaction conditions. To design 
a suitable reactor, it is important to observe molecular distribution inside the reactor in situ. In 
this study, we utilized Raman imaging and micro Raman spectroscopy to elucidate mixing 
process of benzene and cyclohexane inside a Y-shaped micro-reactor. From Raman images at 
the mixing place and its lower reaches (Fig. 1), it is found that the laminar flow gradually 
disappears with time-scale of a few seconds. Precise observation and analysis of the mixing 
process was carried out with micro Raman spectroscopy (Fig. 2). The Raman intensity 
distributions of benzene are well explained by the diffusion equation. The diffusivities 
estimated from our results agree with the reported value of benzene. These results indicate that 
the quantitative in situ observation of micro-reactors is possible by Raman spectroscopy.  
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Fig. 1. Raman intensity distributions of (a) benzene (992 cm-1) and 
(b) cyclohexane (801 cm-1) of mixed solution in a micro-reactor. 
White broken lines indicate the edge of the reactor. (c) Raman spectra 
of the solution at serval points. Upper images were measured at the 
place where benzene and cyclohexane were just mixed, bottom 
images were at 15-mm lower from the mixing place, which 
corresponds to 9 s after mixing. 
 

Fig. 2. (Dots) Raman intensities of benzene 
against the distance from the channel center. 
(Lines) their curve fittings. The data were 
acquired with different flow rates; (a) 0.10, 
(b) 0.070, (c) 0.050, (d) 0.030 and (e) 0.010 
mL min-1, which corresponds to 0.27, 0.39, 
0.54, 0.90 and 2.7 s time delays, receptively. 
The diffusivities k (in 10-9 m2 s-1) obtained 
from the fittings are shown in the graph. 
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