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Overview

 Introduction, ozone standard reference (Hg lamp, 254 nm) vs.
Gas phase titration.

 Laser-based ozone concentration measurements at 248 nm.

« Future absolute determination of ozone absorption cross
section at 244 nm, 248 nm and 257 nm.
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Ozone concentration standard reference

UV photometry

T Temperature in the cells
P Pressure in the cells _1 T R

X =
opt liIght path length
P 20L,, P N,

In(D)

L
mmmp x Mole fraction of ozone in dry air (hnmol/mol)

Light Path length 2I

Light source:
Mercury lamp
~ 253.6517 nm (in air)

N, Avogadro constant
R Ideal gas constant
o Absorption cross section

D Fraction between cells with
and without ozone (transmittance).

D= I (celll) . I (cell2)
[,(cell2) I (celll)
=T (celll)-T(cell2)
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The Ozone absorption cross section

—— GOME FM grating spectrometer, 293 K
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measurements (incl.
Bass/Paur) are
referenced to Hearns’
measurement at
254 nm.
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The value of Hearn ‘61 is used for the standard reference:
1147-102° cm2/molecule

Ozone absorption cross section at 254 nm
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D; at 420 nmol/mol
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Gas Phase Titration

chemiluminescence

analyser
turbulent flow
NO turbulent mixing (™
\ residence time >> 30 s NO, NO,
NO measurement
Calibrated with
\] Gravimetric standard
/ (N
o NO 0 NO, + O >
+ 0O0,— +
(excess) 3 2 2 UV photometer

SRP or transfer std.
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Observed biases in the SRPs

Temperature not uniform
219

~ 'o\weku[e

SO\\-) “o temperature gradient

-1 R\T

X = —~<In(D)
241, )N, P

- Optical path # cell Ignnf\: \p\e
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\N\“.\ \\\\ed 0
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Optical path L, > Lc

Viallon, J., P. Moussay, J.E. Norris, F.R. Guenther, and R.I. Wielgosz, A study of systematic biases and measurement uncertainties in ozone
mole fraction measurements with the NIST Standard Reference Photometer. Metrologia, 2006. 43: 441-450.
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 Laser-based ozone concentration measurements at 248 nm.
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Wavelength

Laser-based Photometer

- R - |
Frequency doubled ion-Argon laser

S

~ 244 nm, 248 nm, 257 nm
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Laser-based Photometer

Wik
) | ot

. o ~ —

Frequency doubled ion-rgon laser

Wavelength —
~ 244 nm, 248 nm, 257 nm

Same principle as
SRP’s
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Laser-based Photometer

= B [ |
Frequency doubled ion-Argon laser
Wavelength ===

jb  Photo-diodes for
measuring absorption
\ — s -

~ 244 nm, 248 nm, 257 nm

1
»

7

Same principle as
SRP’s

Due to non-gaussion
beam shape a
spatial filter is

needed.

Spatial filter gl 1€
- ¥
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Laser-based Photometer

Wavelength

~ 244 nm, 248 nm, 257 nm

w
2

Same principle as . '»-
SRP’s ‘

Due to non-gaussion
beam shape a
spatial filter is

needed.

j| Power stabilization

Photo-diode

measurement on
single cell by
power-stabilizing
the light.

w

L
o

An acousto-optic modulator (AOM) |Spatial fllte
is used to stabilize the laser-light. y
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Laser-based Photometer

Beam splitter not
truely non-
polarizing

this is assuming no important loss due
to reflection of second beamsplitter surface

\ —n— Transmission\

0.65
% 0.60 i [
g 0.55 / - /
go.so _' \-\ B
@ o.45-ﬁ/ N Polarizer |

Polarization angle (degrees)
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Better protection from the environment

b

Box around setup strongly reduces
« turbulence (affects light trajectory)
 temperature-changes

(affects optics, photo-diodes and
measurement cells).
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Power stabilization

Beam
splitter Measurement
Photo-diode
d e d Cell(s) 4. #
PD 2
o PD3
200MHz A
Correction
signal
—m— Servoloop off - inside box
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i Servo
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Comparison between SRP 33 and
the laser-based photometer (one-cell setup) at 248 nm

Cross section (rel. to Hearn value at 253.7 nm):

021 SCIAMACHY-Bogumil, 293 K, 2004
—— SRP 32 (laser) - 248.3 nm

819

818

one concentration (ppm)

820 A — SRP 33 (Hg lamp) - 253.7 nm

Optical path length to be measured!!

ms!

T T T T
500 1000 1500

time (seconds)

T
2000

1
2500

* Laser light (power) stabilized.

» Measurement cell is alternatively filled and emptied
of ozone.

* Flush time of 10 s and a measurement time of 5 s.
» Ozone concentration is deduced from the ratio
between light measured while there is ozone in the
cell and the average light measured during the
periods of before and after this period in which the
cell is empty of ozone.

Daumont 92 leads to a 0.9 % difference
between SRP (254 nm) and laser-based

(248 nm) measurement of ozone conc.

Laser

Feedback
reference
(Commercial
10 V voltage
reference)

d AOM
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Correction «
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Beam
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RF
Amplifier

Photo-diode
e NP
l PD 2
P 1 @) oo
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Comparison between SRP 33 and
the laser-based photometer

Cross section (rel. to Hearn value at 253.7 nm):
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Comparison between SRP 33 and
the laser-based photometer

Instability of fraction of measurements made by two
instruments measuring simultaneously on same source of ozone.

Laser SRP vs. SRP 33 (Hg lamp)

— SRP 27 vs. SRP 28 (both Hg lamp)

Laser SRP inside box vs. SRP 33, single beam s
Independent measurements, flush time 10 s.

Laser SRP inside box vs. SRP 33, two-cell setup
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« Future absolute determination of ozone absorption cross
section at 244 nm, 248 nm and 257 nm.
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Plans for absolute measurements of the ozone absorption
cross section at 244 nm, 248 nm and 257 nm

Mauersberger et al, 1986 Daumont et al, 1992

«  Fill a vacuum chamber with pure oxygen. *  Fill a vacuum chamber with pure oxygen

«  Create ozone with ozone generator while at about 1 mbar. Close off vacuum
continuously trap the ozone in a cryotrap chamber.
at 77 K. *  Measure pressure.

«  Stop creating ozone and pump out »  Create ozone with ozone generator while
remaining gas (mostly oxygen). continuously trap the ozone in a cryotrap

« Increase cryostat temperature to 80-90 K at 77 K.
where the ozone has a vapour pressure «  Stop creating ozone.
of 0.1-1 mbar. «  Release all trapped ozone by (slowly)

*  Measure pressure. Measure increasing cryotrap temperature.
oxygen/ozone ratio with mass spectrum «  Measure pressure. Ozone partial
analyzer. pressure given by

* Rinse-and-repeat to eventually decrease
oxygen concentration. Po, = 2((1902 Vinis ~ PT)

» Simultaneously measuring of absorption of laser light in 5 cm long
quartz cell and cell temperature.
* By using laser, optical path length can be determined more precisely.

« Determination of absorption cross section. | Target uncertainty: 0.5 %.
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Planned setup for ozone cross section measurements

Mass spectrometer

Turbopumps

Stainless steel

Pressure gauge

Quartz glass

Cryostat +
Ozone generator

¥
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50 mm cell

* Part quartz glass, part
316L stainless steel.

« High voltage ozone
generator in quartz glass.

« 5 cm long measurement
cell in quartz glass.

» Capacitive pressure
gauge for precision
measurement (0.1-1
mbar).

* Pirani/cold cathode
pressure gauge for
general pressure
monitoring.




Main Points/Conclusion

» Further study of the difference between measurements of ozone concentration done
by Hg-lamp and done by titration is needed.

» Alaser-based photometer at 248 nm can reach same level of stability as the Hg-lamp
based standard reference photometer.

« The BIPM is building a new experimental setup to measure the absolute value of the
absorption cross section of ozone at 244 nm, 248 nm and 257 nm.

www.bipm.org
www.metroloqgvinfo.org
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