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Gas analysis shrinks to a single microfluidic
chip

GA, UNITED STATES, February 4, 2026
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the system enables autonomous gas
sampling and analysis without external
fluidic hardware. The platform achieves quantitative analysis of multicomponent gas mixtures
with high repeatability and accuracy under low flow rates and varying humidity conditions. This
advance demonstrates a practical pathway toward compact, low-power gas analysis systems for
continuous, real-time chemical monitoring applications.

Overview of the monoGSA system.

Gas chromatography is widely used for monitoring chemical reactions, industrial processes, and
volatile compounds, but conventional systems are bulky, costly, and energy intensive. Microscale
gas chromatography offers advantages in size, speed, and power consumption, yet most existing
designs still rely on hybrid integration of pumps and valves fabricated separately from analytical
components. These external elements increase system complexity, reduce reliability, and limit
further miniaturization. Mechanical micropumps and valves also introduce fabrication
incompatibilities and moving-part failures. Based on these challenges, there is a clear need to
develop a fully integrated, valve-free microscale gas chromatography system that combines fluid
handling and analysis within a single, compact platform.

Researchers at the University of Michigan report the development of a fully monolithic
microscale gas chromatography system, published (DOI: 10.1038/s41378-025-01091-2) in
Microsystems & Nanoengineering on December 9, 2025. The chip integrates gas pumps, a
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preconcentrator, a separation column, and a detector into a single 15 x 15 mm?2 device. Using
multiple Knudsen pumps to control gas flow without valves, the system performs autonomous
sampling, separation, and detection of volatile compounds. The work demonstrates accurate,
repeatable chemical analysis using a self-sufficient, chip-scale platform suitable for continuous
monitoring applications.

The core innovation of the system lies in the monolithic integration of three Knudsen pumps
with all essential gas chromatography components. Knudsen pumps generate gas flow through
thermal transpiration in narrow channels, eliminating moving parts and enabling long-term
reliability. By coordinating three unidirectional pumps, the system achieves controlled sampling
and separation flows without mechanical valves, simplifying both fabrication and operation.

The chip incorporates a polymer-coated preconcentrator for analyte collection, a serpentine
microcolumn for chemical separation, and a capacitive detector for signal readout. Thermal
isolation structures and heat-dissipation elements ensure that high-temperature desorption in
the preconcentrator does not degrade separation or detection performance. Experimental
evaluations demonstrated stable operation at flow rates below 0.01 sccm, with analytes
spanning a wide volatility range.

Tests using representative industrial chemical mixtures showed concentration quantification
accuracies within £6.5-8.5%, with strong repeatability in retention time and signal amplitude.
The system maintained performance across relative humidity levels from 15% to 100%, with no
observable water interference. Importantly, the device also supported passive and low-power
sampling modes, highlighting its suitability for long-term, energy-efficient monitoring.

“This work shows that it is possible to integrate every essential element of gas chromatography
onto a single chip without relying on external pumps or valves,” said one of the study’s senior
authors. “By using mechanically robust Knudsen pumps and carefully managing thermal
interactions, we demonstrate a system that is both practical and scalable. The approach
addresses long-standing barriers to miniaturization and opens the door to compact, low-power
gas analysis platforms that can operate continuously in real-world environments.”

The monolithically integrated gas chromatography platform offers significant potential for
applications requiring continuous, real-time chemical monitoring. These include industrial
reaction control, process safety, catalyst health assessment, and detection of volatile compounds
in energy and environmental systems. Its compact size, low power consumption, and absence of
moving parts, as well as its large-scale manufacturability, make it particularly attractive for
distributed sensor networks and long-duration monitoring tasks. Beyond immediate
applications, the design provides a foundation for future optimization of parameters such as
chemical range, selectivity, sensitivity and response time. Overall, this work represents a key step
toward fully autonomous, chip-scale analytical instruments.
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