
A new method for atmospheric detection of the CH3O2 radical and 
an intercomparison of methods for HO2 and CH3O2 detection

1. Introduction
• The hydroperoxy radical, HO2, and organic peroxy radicals, RO2, participate in rapid

chemical cycling at the heart of tropospheric oxidation.

• Laser-induced fluorescence (LIF) spectroscopy at low-pressure, known as the Fluorescence
Assay by Gas Expansion (FAGE) technique, is most commonly used for the measurements
of HO2 in the atmosphere. FAGE is an indirect technique using the conversion of HO2 to
OH by reaction with added NO followed by OH on-resonance LIF at 308 nm.

• Despite their importance, at present typically only the sum of RO2 radicals is measured in
the atmosphere, making no distinction between different RO2 species.

• We have developed a new method for the detection of CH3O2 by FAGE with the potential
to directly measure atmospheric levels of CH3O2 and other RO2 species such as C2H5O2.1

• In order to validate FAGE technique we have performed intercomparisons of
measurements of HO2 and CH3O2, respectively by the indirect FAGE and the direct Cavity
Ring-Down Spectroscopy (CRDS) techniques within the Leeds HIRAC atmospheric
simulation chamber.2 CRDS was probing HO2 using the excitation of the first O-H overtone
at 1506.43 nm and CH3O2 using the A  X electronic excitation at 1335.49 nm.

8. Conclusions
 A new method has been developed for the detection of CH3O2 radicals by FAGE by titrating

CH3O2 to CH3O by reaction with added NO and then detecting the resultant CH3O by LIF.1

 For a signal-to-noise (S/N) ratio of 2 the limit of detection of the technique is 1.2 x 109 cm-3 for
30 s time resolution and 1.1 × 108 cm-3 CH3O2 for 1 hour averaging time. Therefore, the
method has potential to be used in field measurements.1

 The first FAGE-CRDS intercomparisons for HO2 and CH3O2, respectively, have been performed
to find a very good agreement at 150 and 1000 mbar of air for [HO2] between ~ 1–80 × 109

cm-3,12 at 100 mbar of air for [CH3O2] in the range from ~ 1–60 × 1010 cm-3 and 1000 mbar of
air for [CH3O2] between ~ 3–30 × 1010 cm-3.

 The limits of detection for the CRDS measurements12 for S/N = 2 and 30 s averaging time are:
3.0 × 108 cm-3 at 150 mbar and 1.5 × 109 cm-3 at 1000 mbar for HO2, 8.9 × 109 cm-3 at 100
mbar and 2.0 × 1010 cm-3 at 1000 mbar for CH3O2.

 The very good agreement between HO2 concentrations measured using the indirect FAGE
method and the direct CRDS method provides a validation for the FAGE method, which is used
widely for field measurements of HO2 in the atmosphere.

 For both HO2 and CH3O2 the CRDS sensitivity is insufficient to detect the ambient levels of
these radicals (typical concentrations of 107 – 108 cm-3 orders of magnitude) but is more than
adequate for chamber studies where in general [HO2] and [CH3O2] are above 1010 cm-3. Note
that no chamber measurements of HO2 and CH3O2 by CRDS have been performed prior to this
study.

References
1. L. Onel et al., Atm. Meas. Tech. Discuss., 

https://doi.org/10.5194/amt-2017-122.
2. http://www.chem.leeds.ac.uk/hirac-group/hirac.html
3. D. E. Heard and M. J. Pilling, Chem. Rev., 2003,  103, 5163-

5198.
4. F. A. F. Winiberg et al., Atm. Meas. Tech., 2015, 8, 523-540.
5. J. Thiebaud et al., J. Phys. Chem. A, 2007, 111, 6959-6966.

6. Y. X. Tang et al., J. Phys. Chem. A, 2010, 114, 369-378.
7. M. Gianella et al., New J. Phys., 2016, 18, 1367-2630.
8. E. P. Farago et al., J. Phys. Chem. A, 2013, 117, 12802-12811.
9. Y. C. Chung et al., J. Chem. Phys., 2007, 127, 044311.
10. S. J. Zalyubovsky, PhD. Thesis, The Ohio State University, 2004.
11. D. B. Atkinson and J. L. Spillman, J. Phys. Chem. A, 2002, 106,

8891-8902.
12. L. Onel et al., MS in preparation.

Acknowledgements This work was supported by the NERC project INFAMOS,
grant reference NE/M011208-1. L.O. thanks to ESED RSC for awarding a travel
grant for her participation at the Atmospheric Chemistry GRC.

Lavinia Onela*, Alexander Brennana, Michele Gianellab, Gus Hancockb, Grant Ritchieb, Lisa Whalleyac, Paul Seakinsac, and Dwayne Heardac

a School of Chemistry, University of Leeds, Leeds, LS2 9JT, UK; *chmlo@leeds.ac.uk
b Department of Chemistry, University of Oxford, Oxford, OX1 3QZ, UK

C National Centre for Atmospheric Science (NCAS), University of Leeds, Leeds, LS2 9JT, UK

Laser excitation scan of CH3O

 Conventional water vapour photolysis at 184.9
nm in a flow tube (‘wand’) where humidified air
is flowed past the lamp to generate HO2:3

 In the FAGE calibration for CH3O2 methane is
added to the air flow prior to the wand.1

OH + CH4 H2O + CH3

CH3 + O2 CH3O2

Longitudinal section of HIRAC

150 mbar

5. HO2 FAGE–CRDS intercomparison
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7. FAGE – CRDS correlation plots 

0.00 2.50x10
10

5.00x10
10

7.50x10
10

0.0

2.0x10
10

4.0x10
10

6.0x10
10

8.0x10
10

1000 mbar

0.963 ± 0.005

[H
O

2
] F

A
G

E
 /
 c

m
-3

[HO
2
]
CRDS

/ cm
-3

150 mbar

0.986 ± 0.002

HO2

0.0 2.0x10
11

4.0x10
11

6.0x10
11

0.0

2.0x10
11

4.0x10
11

6.0x10
11

1000 mbar

0.86 ± 0.009

[C
H

3
O

2
] F

A
G

E
 /

 c
m

-3

[CH
3
O

2
]
CRDS

 / cm
-3

100 mbar

1.019 ± 0.005

CH3O2

6. CH3O2 FAGE–CRDS intercomparison

254nm

 generated using separately 2 different systems:
- photolytic mixture of CH4/Cl2/O2 (Sect. 4)
- acetone photolysis in O2 presence:

(CH3)2CO CH3CO + CH3 (dominant channel)

CH3 + O2 CH3O2

 The shape of the CH3O2 absorption spectrum is
in agreement with the published spectra at
reduced pressures.8-11 The cross section at
1335.49 nm, CH3O2 = (1.46  0.29) x 10-20 cm2, is
in agreement with estimations using the CH3O2

spectra reported by Miller and coworkers9, 10 and
Atkinson et al. (1.0–1.5) x 10-20 cm2 11 and 40 %
lower than the value found by Thiebaud et al.,8

~ 2.50 x 10-20 cm2.

 These are the first CRDS measurements of
CH3O2 performed at 1000 mbar of air. No pressure
dependence was found as expected for the
relatively broad absorption feature lying between
~ 1335–1336 nm.
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4. FAGE calibration using a kinetic method 
 The kinetics of the HO2 and CH3O2 second-order decay by self-reaction were observed in HIRAC
(Highly Instrumented Reactor for Atmospheric Chemistry).1, 4 HIRAC is a ~2 m3 stainless steel
cylinder equipped with mixing fans and UV lamps mounted radially inside the chamber.2

Operating pressures:
- 150 and 1000 mbar of synthetic air for HO2

- 100 and 1000 mbar of synthetic air for CH3O2

HO2 system:
Cl + CH3OH  CH2OH + HCl
CH2OH + O2  HO2 + CH2O
HO2 + HO2  H2O2 + O2

HO2 + HO2 (+ M)  H2O2 + O2

CH3O2 system:

CH3O2 + CH3O2  Products

UV lamps are turned off

Example of CH3O2 temporal decay  at 
1000 mbar of air

(http://iupac.pole-ether.fr)

3. ‘Wand’ calibration of FAGE at ~1000 mbar 

LOD (S/N = 2): 1.2 x 109 cm-3 (30 s averaging time) and
1.1 x 108 cm-3 (1 hour averaging time)

conventional calibration of
FAGE for HOx (HO2 and OH)
Here LODHO2 = 1.6 × 106 cm-3

Potential of the new method to
measure CH3O2 in clean
environments ([CH3O2] in 108 cm-3)

CCH3O2 = (4.1  1.4) × 10-10 counts s-1 cm3 mW-1 in good agreement with CCH3O2 = (5.6  1.7) ×
10-10 counts s-1 cm3 mW-1 obtained by the kinetic method (Sect. 4).

2. ‘Wand’ calibration of FAGE for HO2 and CH3O2
 HO2 titrated to OH and then detected by
on-resonance LIF at 308 nm

HO2 + NO OH + NO2

 CH3O2 titrated to CH3O and then detection
by off-resonance LIF: A  X excitation at
~298 nm; measured fluorescence from 320
to 400 nm.1 CH3O2 + NO CH3O + NO2

H2O OH + H
H + O2 HO2

184.9nm

FAGE

HO2 or CH3O2

detection

NO

‘wand’

http://www.chem.leeds.ac.uk/hirac-group/hirac.html

