
The 2B Technologies Model 405 nm: UV-Absorbance  
Analyzer for Direct Measurements of Nitrogen Dioxide 

Abstract:  The predominant method of measuring NO2, an EPA Criteria Pollutant, 
entails converting it to NO via a heated, solid-phase catalyst and then using O3-
induced chemiluminescence to measure the NO.  However, this indirect technique 
has many known problems, mostly related to the reduction of NO2 to NO and the 
measurement of NO2 as a difference between NOx (= NO + NO2) and NO.  As such, 
there has been a recent interest in compliance monitoring to measure NO2 directly 
by other methods.  2B Technologies recently introduced the Model 405 nm 
NO2/NO/NOx monitor that directly measures NO2 by absorbance using a long 
folded-path optical cell.  This provides a stable, long-term measurement technique 
with little maintenance similar to that of an ozone photometer.  The analyzer is rack-
mounted, low power (∼ 18 W) and less expensive than other NO2 analyzers. Unlike 
other recent direct NO2 FEM techniques such as CAPS (cavity attenuated phase shift 

spectroscopy), the Model 405 nm also provides a measurement of NO by 
quantitatively converting it to NO2 via the well-known gas phase reaction with 
ozone.  NO is not an EPA criteria pollutant, but its concentration is required by air 
chemistry models and is critical to the ability to accurately predict regional air 
quality.  The Model 405 nm has a sampling rate of 5 seconds, a detection limit of 1 
ppbv and a precision of ∼ 1 ppbv for a 1-minute average for both NO and NO2.  
Results are presented from a recent roadside monitoring study where the 2B 
Technologies Model 405 nm showed excellent agreement with existing FEM/FRM 
methodologies for NO2 and NO.  This study also illustrated weaknesses in the typical 
chemiluminescence technique for NO2 under conditions where NO concentrations 
are large and variable.  The Model 405 nm is currently undergoing FEM testing, and 
certification is anticipated by the end of 2016. 

 Basic absorption photometer (see diagram at right).
Similar to well-established ozone methodology. 

 “First Principles” measurement: [NO2] depends on 
absorption cross section (s405) and path length 
(L ∼ 2 m).

 Light Intensity measured with (I) and without (Io) NO2 
present. 
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Field Testing:  Roadside Monitoring 

Observed excellent agreement between the Model 405 nm and reference 
instruments for both NO2 and NO for 1-min (and 1-hr) averaged data. 

 Technique and Calibration of the 2B Model 405 nm:   
Direct NO2 measurement by UV-absorbance at 405 nm 

Acknowledgements:  The authors would like to thank Dr. Erick Mattson of CDPHE for allowing us to deploy our 
instrument at their site and for sharing the 1-min averaged data. 

 NO is measured by adding ∼ 8 ppm of ozone and 
diverting the sample flow through a Reaction Volume 
to insure > 99% conversion of NO to NO2. 

 3 operating modes:  NO2 only, NO only, or both NO2 
and NO (combo). 

• The Model 405 nm was operated at a roadside monitoring station run by the 
Colorado Department of Public Health and Environment (CDPHE). 

• Measurements were conducted at the intersection of I-25 and I-70 in Denver, 
Colorado, during December of 2015 for 5 days. 

• Concurrent measurements ( 1-min and 1-hr averages) were made by FEM CAPS-
NO2 (NO2, Teledyne T500U) and FRM CL-NO (NO and NO2, Teledyne 200E).

 FRM NO2(CL-NO) variability increases when the difference between subsequent [NO] 
measurements is large (D(NO) > 10 ppbv).

 Rapid [NO] changes likely impact the proper subtraction of NO from the NOx sum. 
 Similar observations reported by EPA study: 

https://www3.epa.gov/ttnamti1/files/2014conference/wedemergbeaver.pdf 

Current FRM methodology for NO2: 
 O3-induced chemiluminescence (CL) of NO.
 Indirect:  NO2 is converted to NO and measured as the 

difference between NO and the sum of NO and NO2 (NOx).
 NO2 to NO conversion:  Typical heated catalysts can convert 

other N-containing species to NO and NO2 conversion
efficiency can change over time.

Direct NO2 measurements in compliance monitoring: 
 Optical techniques available:  Cavity Ring-down (CRDS) and 

Cavity Attenuated Phase Shift (CAPS) Spectroscopy. 
 Complicated and rather expensive techniques. 
 Current instruments do not measure NO, which is critical for 

air quality forecasting!

The Model 405 nm from 2B Technologies measures NO2 directly by simple UV-absorbance 
 and measures NO by conversion to NO2 with ozone. 

---------------------------------------------------------------------------------------- 
FRM NO-CL instrument exhibited large NO2 variability at 1-min time scales. 

Conclusions 
 The 2B Technologies Model 405 nm provides a direct measurement of NO2 by UV-

absorbance.
 Unlike other commercial instruments that directly measure NO2, the Model 405 nm 

also measures nitric oxide (NO) and thus, total NOx.  
 The Model 405 nm showed excellent agreement with direct methods for both NO2 

and NO over a large range of concentrations during roadside monitoring tests.   
 These tests also verified that large, highly varying NO concentrations can lead to 

short-term uncertainty in the NO2 measured by typical chemiluminescence FRM 
monitors. 

Calibration Example via Gas Phase Titration (GPT) :  
NO + O3 →  NO2 + O2 

 O3 (measured) = NO2  produced = NO consumed 
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Advancements Offered by the Model 405 nm 
 Rapid flush time (≤ 1.7 sec, 3.5 sec w/ Reaction Volume) 

allows for 5 sec sampling time. 
 Interference-free.  No other atmospheric constituents 

absorb light appreciably at 405 nm. 
 Costs ≈ 40% less than typical chemiluminescence FRM 

instruments. 
 Capable of measuring NO2, NO, or both. 
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Model 405 nm Schematic 

Unfiltered 5 second data 
shown above. 
 Precision:

• ± 2.5 ppbv 
(1 s,  1-min avg.  at 1 atm) 

• ∼ 1 ppbv using 
adaptive  filtering

 Linear up to ≥ 1 
ppmv 

Slope = 1.00  
R2 = 0.999 
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Preliminary NO and NO2 data provided by CDPHE.
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3-step sampling cycle for measuring NO2 and NO:
 

Note:  For NO2 mode – only steps 1 and 2 are required  
         For NO mode – only steps 2 and 3 are required 
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The Model 405 nm is currently undergoing FEM testing. 
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NO = 0 or 500 ppbv 
O3 = varied from 0 to 200 ppbv 
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D(NO) = NOt – NO (t - 1 min) 

● D(NO) > 10 ppbv 
● D(NO) < 2,5 ppbv 
● All other data
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