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"Q Formaldehyde (CH ,0O)
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BEBEE Sources: combustion and atmospheric oxidation of
SL@ p+

Plays a vital role in the chemistry of the
atmosphere via (photo)chemical reactions.

Strong interest in calibration mixtures at low

concentration levels (e.g., Global Atmospheric
Watch program)
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Indoor concentrations

TLV or MAC value is 0.3 ppm (0.37 mg/m 3). Indoor
sources include particleboard, plywood, tobacco

smoke, and gas combustion.

Increased awareness after hurricane Katrina in 2005.
Indoor concentrations >0.1 ppm were found in
certain types of travel trailers (some >0.3 ppm).
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Measuring techniques CH ,0O

1) HPLC
Formaldehyde analyzed with DNPH

derivatization reagent.
Example: DNPH-coated cartridges (sensitive for long exposure)

*

as

2) Spectroscopic
-Fourier Transform InfraRed (FTIR)
-Tunable Diode Laser Absorption Spectroscopy (TDLAS)

-Photoacoustic Spectroscopy (PAS)
-Differential Optical Absorption Spectroscopy (DOAS, for

atmospheric measurements)

*
2,4-Dinitrophenylhydrazine
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Our approach

1. dynamic generation of formaldehyde by
sublimation of paraformaldehyde

2. measure by cavity ringdown spectroscopy and
verify the nominal concentration with reference
database

3. certify the composition of commercial
formaldehyde mixtures
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I\O Dynamic generation formaldehyde

++++++

++++++

++++++ Adynamic generation by sublimation of

++++++

++++++ paraformaldehyde (ISO 6143part 8)
++++++ A2 diffusion cells with different mass release rates
Apurified nitrogen as complementary gas

Aperiodic determination of paraformaldehyde mass
loss in the time (order of several pg/min)

4

C range of concentrations: 0.3 -5 ppm (mol/mol)

Note: CH,O has large dipole moment of 2.33 Debye (e.g.,
H,O 1.85 and NH; 1.47 Debye).

=> use sufficiently high flow rate
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I\Q Mass flow determination
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Mass flow fluctuations are rather high (standard uncertainty
3%). Continuous measurements using magnetic suspension
balance are planned to improve results.
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Principle of CRDS

Light incident on cell with high reflectivity mirrors (R (D9.985%)
Distance between mirrors is changed using a piézo
At some length, light couples into cavity & intensity builds up

At pre -set intensity level, light is switched off

W,

Light leaking out of the cavity decays exponentially

detector

EE - EH ‘

With absorbing gas present: faster decay

¢ Decay time is measure for the gas absorption in the cell
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Light source: OPO"

Inside the crystal a pump photon is converted into
two new photons named = signal and idler.

etalon

1.064 pm
3 nm idler

Pump 1.064 pm
1.064 pm crystal O Jum
1.5 pm

Atotal tuning range  2693-3505 nm
Aidler power up to1.2 W
Apiézo tuning range 53 GHz (1.77 cm 1)

"OPO = optical parametric oscillator.
Constructed in cooperation with  Radboud University, Nijmegen
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Why use an OPQO?

Methane
Water

A~100 stronger absorption than in near-infrared
(L : mirror reflectivity worse)

AWide tuning range compared to other sources
AHigh power (not required for CRDS but it makes life easy)

AH,O & CO, absorption relatively weak (important for
atmospheric or breath measurements)
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