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Monitoring of chemical composition in subsurface environments is 
critically important for a range of fossil energy-related applications 
including unconventional, deep and ultra-deepwater oil and gas 
resources, as well as the monitoring of carbon dioxide (CO2) 
migration during geological storage. Subsurface environments 
pose an extreme challenge for the development and deployment of 
sensing technologies due to the combination of high temperature 
and pressure, the presence of chemically corrosive chemical species, 
and potential high salinity. The temperatures and pressures present 
in subsurface environments are beyond the limits of most electrical 
and electronic components used in sensor applications, which often 
fail due to the instabilities associated with packaging, wires, and 
interconnects. For this reason, approaches that replace the need for 
electrical components and connections at the sensing location can 
also eliminate a common mode of failure for conventional sensor 
devices.
Optical-based sensing methodologies eliminate this concern and 
can be advantageous from a safety perspective in regards to the 
presence of potentially flammable gas and chemical species. In 
particular, sensors that employ fiber-Bragg gratings inscribed into 
specialty optical fibers, capable of withstanding extreme temperature and pressure conditions, have already been deployed 
commercially for distributed pressure and temperature sensing. In contrast, optical fiber-based sensors for subsurface 
chemical sensing applications have not yet been commercially deployed due, in part, to the lack of optical sensor elements 
with useful, reversible, and rapid responses to particular chemical species of interest.
This invention describes the development and use of fiber optic–based sensing layers composed of metal nanoparticles 
incorporated into a silica matrix coated on an optical fiber. The new sensing materials have been shown to exhibit strong 
and reversible optical response to pH variation at high temperatures and pressures under saline conditions. Deployment 
of sensors using this technology will allow for embedded, real-time, remote pH sensing capabilities in extreme subsurface 
environments.

Research is active on the patent pending technology titled, “Plasmonic-
Based pH Sensors in Aqueous Environments.” This invention is 
available for licensing and/or further collaborative research from the 
U.S. Department of Energy’s National Energy Technology Laboratory.
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PATENT STATUS:

TECHBRIEF 14N-19_15N-02 (TB-0136), SEPTEMBER 2023

APPLICATIONS:
• Determination of pH in aqueous downhole conditions relevant for 

unconventional resource recovery.
• Determination of pH in aqueous geological formations for CO2 storage 

monitoring.
• Measurement of pH in industrial 

chemical processes.
• Measurement of pH in nuclear 

power generation applications.
• Replacement of standard 

electrode-based pH meters due 
to the broad pH range, rapid 
response time, and low hysteresis 
of response.

U.S. Patent No: 11,408,827
Issued: 8/9/2022
Title: Plasmonic Nanoparticle Based pH Sensors in Aqueous Environments
Inventors: Paul Ohodnicki, Barbara Kutchko, Congjun Wang, Thomas Brown
NETL Reference No: 14N-19

U.S. Patent No: 10,274,431
Issued: 4/30/2019
Title: Method of Evaluating pH Using an Inorganic-oxide Nanoparticle-based 
Optical pH Sensor
Inventors: Paul Ohodnicki, Christopher Matranga Congjun Wang, Douglas Kauffman, 
Xin Su
NETL Reference No: 15N-02

SIGNIFICANCE:
• High stability of noble metal nanoparticles and conducting metal oxide 

nanoparticles allows for pH determination in high temperature and corrosive 
environments.

• Limited hysteresis and rapid response time for pH sensing due to mitigation 
of the need for a chemical reaction of an organic dye or polymer matrix.

• Ability to tune particle size, composition, shape, and many other factors in 
order to optimize the response to pH.

• Compatibility with integration to waveguide-based sensors such as silica-
based optical fibers.

• Compatibility with remote, passive, and distributed sensing methodologies.
• Superior response times as compared to electrode based pH sensors which 

require significant time to reach equilibration.
• A broader range of pH sensing capability as compared to organic indicator 

dyes in which multiple types of dyes must be combined to achieve pH sensing 
capabilities over a broad pH range.

• Potential for multi-parameter monitoring in addition to pH (temperature, 
pressure, other Chemical species) through broadband wavelength 
interrogation approaches.


