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1. Introduction 
  In chemical analysis field, miniaturization of equipments and automation of operations 
have been a main stream during past several decades.  Nano/micro fabrication 
technologies, based on lithography techniques, have been imported to the field in 1970s.  
Terry et al. miniaturized a gas chromatography system onto a single silicon wafer having 
a diameter of 4 inch (~100 mm) [1].  After the breakthrough presented by Manz et al. in 
1990s [2], many researchers in various field, such as chemistry, biology, and medicine, 
have participated investigation of the miniaturization.  In most cases, the researchers 
utilize microspace, having dimensions of 1-100 micrometers, and sometimes use 
extended-nanospace, having dimensions of 10-1,000 nanometers. 
  In earlier stage of the investigation, simple integration effects, such as high specific 
surface area (surface to volume ratio), and short diffusion distance, were discussed mainly.  
Then, some part of the researchers has paid attention to specific characteristics of the 
nano/microspace.  For example, interfacial tension between liquid/liquid or liquid/gas 
phases will be one of dominant factors, which is less important in centimeter scale fluid 
[3].  The nano/microspace characteristics sometimes stimulate fundamental interests.  
Typical example is supercooling microflow [4].  Since freezing is stochastic process, we 
can utilize stable supercooling flow in the nano/microspace, which means that we can 
measure molecular properties in solution under its freezing point.  
  In this presentation, I would like to present the nano/microspace fabrication method, 
specific characteristics of the nano/microspace, and their applications to miniaturization 
of chemical operations.   
2. Nano/microspace 
  In order to fabricate the nano/microspace, advanced lithography techniques have been 
utilized.  The processes are similar to those in the integrated electronic circuit 
fabrication.  Here, a brief procedure of the microspace fabrication onto a glass substrate 
is presented [3].  A flat glass substrate is covered with a photoresist layer, which consists 
of photosensitive polymer and becomes soluble with ultraviolet (UV) light exposure.  In 
order to get designed structure, the UV light is exposed to the substrate through a 
photomask, which has an opaque metal layer with transparent area of the designed 
structure.  After the exposure, the substrate is immersed to remove the photoresist layer 
of the exposed area.  Thus, bare glass surface with the designed structure is obtained 
while the other area is still covered with the photoresist layer.  Next, the substrate is 
immersed in hydrofluoric (HF) solution to etch (corrode) the glass suface.   After 
bonding another glass substrate to the former substrate, microscale channel structure 

 



 

 

(microchannel) is prepared in a 
glass microchip. 
3. Characteristics 
  When aqueous phase contacts 
with organic phase on a glass 
surface, the interface between 
the aqueous and organic phases 
contacts to the glass with a 
certain contact angle θ, which is 
called a contact line.  Capillary 
pressure P is induced to the 
interface as, P=2γ/r, where γ and 
r are the interfacial tension 
(constant) and the radius of the 
interfacial curvature.  The 
relationship means that smaller radius corresponds to higher capillary pressure.  In a 
centimeter scale experiment, the curvature is changed to balance gravity (buoyancy) due 
to density difference between two liquids.  

Fig. 1  Miniaturization of analytical pretreatment procedure. 

  When the two-phase is confined in a microchannel, the gravity is not dominant factor 
and the capillary pressure due to the interfacial tension becomes dominant, where the 
radius of the curvature is determined by the dimension of the microchannel.  In order to 
miniaturize chemical operations into the nano/microspace, the capillary pressure should 
be controlled chemically and physically [5].   
4. Applications 
  Fig. 1 shows an example of the miniaturization based on the two-phase capillary 
pressure inside the microspace.  The flow chart summarizes chemical operations for 
sample pretreatment of the stimulant analysis from urinary sample of a suspicious.  
While the conventional chemical operation requires 1 mL sample and the > 1h 
pretreatment time, the miniaturized system requires 1 µL sample and 10 s pretreatment 
time.  The results will be presented with movie files of the two-phase flows. 
Conclusion 
  Miniaturization of chemical operation has attracted analytical chemists during this 2 
decades because it enables rapid analysis, automation, less sample requirement, and so 
on.  In order to solve environmental, energy, and quality-of-life problems, the 
miniaturized chemical system is expected to be refined and distributed to various fields of 
the society.  
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