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* Chemical Microsystems for Synthesis
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C.M. for Analysis

Definition
Lab-on-chip
Example: micro gas-analysis device

Example: Caliper oligonucleotide
separation

Example: Nanogen biochips
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Lab-On-Chip
The Future Lab on a Chip
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Micro-Gas-Analyzer
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Figure 1: System design uses multiple analytical
channels with three cascaded microfabricated

components.
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Micro-Gas Analyzer Result
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Figure 3: Rapid separation of volatile
organics demonstrated with microfabricated
gas chromatographic column.
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Applications of Microreactors

Distributed Processing

Toxic or Hazardous Chemicals

Chemical Prototyping

High-Value, Low-Volume Chemicals
Bulk Production of Commodity Chemicals
Special Environments

Laboratory Systems

Combinatorial Chemistry

C.M. for Synthesis

Definition

Conversion
Selectivity

Example: IfM Microreactor
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Inlet Via

Pyrex Cover
Inlet Channel

Manifold Silicon Chip

Microchannels Catalyst
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Device Fabrication Temperature Effect
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Temperature (°C)

Benzene Space Time Yield-

Effect of Composition Microreactor 2 Design
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Continous Microreactor Results

50 cm channel with transverse features

—4&— Averaged data
Observations

*4-6 samples
averaged for
each data point
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Microreactor
Systems

Distributed Processing

 Nature’s Model
» Example: Oil Processing

* An Analogy of Distributed vs. Centralized
Processing

THE !'JJ

UNIVERSITY
OF[JTAH

il
|

SR
e
4 } i1

Mitochondrion: chemical
factory in every cell
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Distributed Processing:

Petroleum
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Petroleum Processing
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Toxic or Hazardous Chemicals

* Toxic =

Hazardous =

Motivation: Operation in “explosive
regime”

Motivation: transport, storage, monitoring

Example: ion-implantation of As*
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Explosive Regime Example MIT Microreactor Fabrication

Starting material:
Sior SOl wafer

i i Pattern front side using IR E-beam evaporate Pt
° H2 + 1 02 — HzO e alignment for metal lift-off catalyst in channel via
: . and deposit Pt shadow mask
* 500°C, water produced without explosion _ o —
MIT Microreactor B H !—!
v Pattern and plasma etch .
SiN on backside to expose l’
underlying Si Etch backside in KOH to Cut chips and bond to Al
stop on buried oxide, and sealing plate
etch oxide in BOE to form Si e
membrane

n —

Etch Si to ~ 50 um in KOH n |
for easy IR alignment

THE UJ THE UJ
Uy Uy

Mass Transfer Characteristics: MIT Example: Ion-Implantation
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[on-Implanter Schematic
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Scale-Up

.

Benchtop

..

Plant Iteration 1 Plant Ilteration 2

Pilot

Microreactor
Prototype

Plant
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Scale-Up Example
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High-Value, Low-Volume Chemicals

» Examples
— Pharmaceuticals
- NO

* Motivation
— Short shelf lives
— Toxicity
— New therapies

— Implantation
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Bulk Production of Commodity

Chemicals
* Definitions: No distinction by “brand”
- 01l
— Polymers
* Motivation
— Higher yields
— Less pollution
— Modularity (repairs)
* Likely impact
— Slow adoption
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Special Environments: Space
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Combinatorial Screening for
Discovery of New Materials

» Applications * Method
— Pharmaceuticals — Batch Processing
— Luminescent Materials — Systematic Variation
— Superconductors of Composition or

_ Magnetic Materials Substitutional Groups

_ Heterogeneous — High Sample Count

Catalysts — Rapid Evaluation
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Systematic Variation of
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Rapid Evaluation

Rapidly Probe Each Unit Sample
— for Desired Activity
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UCLA System

Array Microreactor System: A:
Feed gas preheater; B: Catalyst
pellets; C: Reactant gas inlet; D:
Flow distribution baffles; E: Bottom
aluminum heating block; F:
Reactor channels; G: Signal
detection microelectrodes;
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Combinatorial Array for
Screening Catalysts

75 Microreactor Array

Systematic variation of catalyst by
sputter deposition
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Evaluation of conversion and
selectivity by Mass Spectrometry
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