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•Formaldehyde is an reactive intermediate product in troposphere hydrocarbon
oxidation initiated by the OH radical. The H2CO concentration in the atmosphere
is in the 1 to 10 ppb range [1–4].

•Goal of present paper was to investigate possibility to develop instrument to
measure trace formaldehyde concentration using near IR range (1.78µ). Specific
feature of the instrument under investigation was absence of H2CO reference cell
to stabilize VCSEL frequency tuning [5].

•There is only one source of H2CO spectra in near IR [6] known for authors. Most
pronounced formaldehyde absorption features are located are in 5500 – 5700 cm-1

spectral range. Using instrument developed formaldehyde absorption spectra
were obtained in range 5578 – 5605 cm-1. Optimal spectral range was determined
[see 7] to have no interference with atmosphere water, methane, and CO2.

•Minimum detectable concentration of H2CO was found to be 1.3 ppb for 10 sec
averaging time. Averaging time increasing demonstrated white noise behavior up
to 100 sec. However, long averaging times are not acceptable for real applications.
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VCSEL structure
• N – number of dielectric mirrors

layers (25-35)
• Size of active zone ~1µ
• Single pass gain – 1%
• R (coefficient of reflection) ≥

0.995
• Laser light aperture - 5 - 10µ
• Divergency 10-20о

• Mode TEM (oor)Reflection spectrum



VCSEL 1.78 m «VERTILAS»
(info@vertilas.com)

InGaAs photodiode
“HAMAMATSU”

View of laser module with collimator
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Fine structure of VCSEL far field
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VCSEL far and near field
measurements



Block-scheme and view of the
instrument

“Chernin” multi-pass cell. L= 39m

Source of H2CO: 40% water solution



H2CO spectrum
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Spectrum was recorded  by VCSEL in spectral range 1.784 -1.792 m
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Analytical spectral range  for H2CO registration : 5586.7 – 5587.3 см-1

There are few interfering lines of gases: CO2, CH4, H2O

H2CO P= 10 mTorr

H2O P= 10 Тоrr
«HITRAN»

CH4 С = 1.5 ppm
«HITRAN»

CO2 C = 0.03 %
«HITRAN»

Ptotal = 25 Тоrr,

L = 39 m.

Analytical spectral range



Operation regime

Measurement
procedure of
trace molecule
concentration



Two pulse waveform of excitation current (left):
First pulse is used to detect  H2CO, second one – to stabilize DL frequency tuning

cycles using water lines

View of program interface

Waveform of DL
excitation current

Correlation function of H2CO
absorption structure



Absence of cross-talking and interference fringes

Signal Fourier spectrum



Allan plots

Minimum detectable absorption 2.5 10-7 was
achieved,  corresponding to 1.3 ppb

for 10 sec averaging time

Minimum detectable absorption (left) and temperature stability (right)



Formaldehyde monitoring
in atmosphere
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Calibration curve for H2CO concentration
measurements

Long-term H2CO measurements :
Several Н2СО sources were detected

when spatial distribution of
formaldehyde concentration was

measured



Conclusion
1. VCSEL diode laser characteristics in 1.78 µ spectral region were

investigated.
2. Formaldehyde absorption spectrum in 5579 – 5605 cm-1 was

measured.
3. Analytical spectral range was chosen to minimize interference

with H2O , СО2, and СH4 lines.
4. New device was developed for outdoor H2CO vapors detection.
5. Different noise sources were investigated and methods were

developed to  suppress them.
6. Minimum detectable absorption 2.5 10-7 corresponding to 1.3

ppb was achieved  for 10 sec averaging time


