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Reply 

A. Hofzumahaus, T. Brauers, U. Aschmutat, U. Brandenburger, H.-P. Dorn, 
M. Hausmann, M. Hegling, F. Holland, C. Plass-Dtilmer, M. Sedlacek, M. Weber, 
and D. H. Ehhalt 

Institut fOr Atmosph•irische Chemie, Forschungszentmm Jtilich, Jtilich, Germany 

In a recent paper by Brauers et al. [1996], we reported an OH 
intercomparison performed as part of the field campaign 
"POPCORN" in 1994. Two different OH instruments partici- 
pated in the comparison, a laser spectrometer based on differ- 
ential optical absorption spectroscopy (DOAS) [Dorn et al., 
1996], and a laser-induced fluorescence (LIF) instrument 
[Hofzumahaus et al., 1996] which was calibrated by a photo- 
chemical OH source [Aschmutat et al., 1994]. The OH con- 
centration supplied by the calibration source is calculated; its 
value depends on the ratio (•H20/(•O2 of the absorption cross- 
sections of H20 and 0 2 at the 185 nm Hg-line. In their Com- 
ment, Lanzendorf et al. argue that our LIF calibration was 
based on a value for C•o2 which is too low by a factor 2.5 in 
apparent conflict with the good agreement found between the 
OH measurements by LIF and DOAS. Moreover, Lanzendorf 
et al. report new measurements showing that the effective C•o2 
derived from Penray lamp emissions is not a constant, but can 
vary with experimental conditions. Their Comment raises 
several questions which we address in this paper. 

1. How did we derive an apparently wrong 0 2 absorption 
cross-section from the work of Washida et al. [1971] ? 
For 0 2 we used the effective absorption coefficient published 
by Washida et al. [1971]. They reported e = 0.236 cm-latm -1 
at 184.9 nm for a mercury lamp and e -- 0.0186 cm-latm -1 at 
193.1 nm for a carbon lamp. As Lanzendorf et al. point out 
correctly, and this did not escape our notice, Washida et al. 
did not specify either base or temperature for theft absorption 
coefficients. However in a comparison with literature, 
Washida et al. [1971 ] noted close agreement at 193.1 nm with 
the value (0.023 cm -1 at NTP) by Watanabe et al. [1953] who 
explicitly stated base e and 273 K. For this reason we natu- 
rally assumed that Washida et al. used the same convention, 
which is now in obvious disagreement with the private com- 
munication (base 10, 298K) by Washida [1997] quoted in 
Lanzendorf et al. Thus, we used an incorrect C•o2 
(0.88x10 © cm 2) a factor 2.5 smaller than the value 
(2.2 x 10 © cm 2) Washida et al. [1971] had measured. 

2. What is the correct C•o2 value for our LIF calibration ? 
In their Comment, Lanzendorf et al. present newly measured 
data of the effective 0 2 absorption cross-section for Hg Penray 
lamp emission. They find that the effective C•o2 depends on the 
0 2 column and on lamp conditions, a behavior that was atso 
observed in another study [Canttell et al., 1997]. 
Following these studies, we have measured specifically the 
effective C•o2 for our experimental conditions. In our LIF call- 
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bration device, synthetic air (at 1 atm) flows through a tube 
with an internal radius of 0.95 cm and is exposed to the radia- 
tion of a Hg Penray lamp. The light path between the lamp 
and the tube is constantly purged by a slow flow of N 2. After 
irradiation a small part of the central gas flow in the tube is 
sampled for calibration. Hence, we need to know the local ef- 
fective C•o2 value in the photolysis region in the tube's centre, 
i.e. for lamp radiation that has passed an 0 2 column of 
4.9 x 1018 cm -2 (the amount between the inner wall and the 
centre of the flow tube). We have determined the local effec- 

tive C•o2 value from measurements of apparent absorption 
cross-sections C•.o2 of different 0 2 columns ( x ) according to 
equations (1) and (3). 

C•.o2(X) = (1 / x) In [I o / I(x)l (1) 
C•o2(X) = - d [ln I(x)] / dx (2) 

= {J*o2(X) + x [dlJ*o2(X ) / dx] (3) 

Here, I and I o denote the intensities of the lamp radiation after 
passing a 10 cm cell (with Suprasil windows) with and with- 
out absorbing gas, respectively. The radiation was detected by 
a combination of a CsI phototube and a 185nm interference 
filter (FWHM= 27.5 nm). C•.o2 was measured as a function 
of 0 2 pressure for seven Hg lamps in use in our laboratory all 
operated under the same experimental conditions as during 
LIF calibration. In all cases, C•.o2 and the effective C•o2 were 
found to decrease linearly with increasing 0 2 column in the 
range (1-9) x 1018 cm -2. The effective C•o2 values for a given 
0 2 column are different for each lamp (Figure 1) and range 
between 1.1 x 10 © cm 2 and 1.4 x 10 © cm 2 for our calibra- 
tion conditions (0 2 column -- 4.9 x 10 •8 cm-2). Our cross- 
sections and their 0 2 column dependence are very similar to 
the results by Lanzendorf et al. at small 0 2 columns 
(< 1 x 1019 cm -2) (see Figure 1) and confirm that the effective 
C•o2 at the 184.95 nm Hg-line must be measured specifically 
for each experiment that uses ozone actinometry. Our 
measurements are considerably smaller than the value of 
2.2 x 10 © cm 2 by Washida et al. [1971 ] and closer to the old 
value we had used before. Note that the 194.23 nm Hg+-line 
has a negligible influence on our results since measurements 
with a vacuum spectrometer (1 nm bandwidth) in our labora- 
tory have shown that its intensity and effective 0 2 absorption 
cross-section are smaller by two orders of magnitude, each. 

3. Implications for our OH intercomparison 1994 
The new values for C•o2 seem to call in question the good 
agreement of the OH concentrations measured by DOAS and 
LIF in 1994. We note, however, that the LIF calibration de- 

pends on the ratio (•H20/(•O2 of the absorption cross-sections 
of I-I20 and 0 2, and that there are also new measurements of 
(•H20 with higher values than the one we used. The old H20 
absorption cross-section (5.5 x 10 © cm 2 at 185 nm) in our 
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Figure 1. Local effective absorption cross-section C•o2 in the 
photolysis region vs. 0 2 column between lamp and photolysis 
region. Open symbols represent the results for our seven Hg- 
Penray lamps, all operated under same conditions (15mA 
lamp current, in a slow flow of dry nitrogen). Filled squares 
and filled circles represent data from Figure 2 (case A and B, 
respectively) by Lanzendorf et al. for two different Hg lamp 
operating characteristics. 

calibration is the one recommended by NASA/JPL [De More 
et al., 1994]. Recently, Yoshino et al. [1996] published a new 
value of 1.0 x 10 -19 cm 2 at 185 nm, while Cantrell et al. 
[1997] reported 7.14 x 10 © cm 2 for the 184.95 nmHg-line. 
Since the three H20 cross-sections differ considerably, we 

have also measured an H20 cross-section with the experimen- 
tal set-up described above and find a value of 7.0 x 10 -20 cm 2 
confirming the results by Cantrell et al. [1997]. This value is 
further supported by another recent study at MPI-Mainz 
(J. Crowley, private communication) yielding c•H2 o = 
7.3 x 10 -20 cm 2 for the Hg-line. 
In the light of the new data, it appears that we used absorption 
cross-sections for H20 and 0 2 which were both considerably 
too low. In order to reevaluate the LIF calibration we need to 

calculate the ratio {•H20]{•O2 for the new cross-section data. 
Unfortunately, we have no knowledge which one of our Hg- 
lamps was used for calibration during POPCORN. Thus, any 
of the curves in Figure 1 could equally apply. Using the full 
range of the effective c•02 in Figure 1 at an 02 column of 
4.9 x 1018 cm -2 and using C•H20 = 7.1 x 10 -20 cm 2 we calcu- 
late a new ratio GH20/GO2 between 5.1 and 6.5. The old value 
was 6.25. Depending on which Hg lamp we used for calibra- 
tion, we now calculate the possible systematic deviation of 
LIF relative to DOAS to be between -18 % and +4 %. 

The Comment by Lanzendorf et al. states that we claimed an 
"excellent agreement (within 1%)". It is true that we found a 
linear correlation between DOAS and LIF with a regression 
line which had a slope of (1.01 +_ 0.04) indicating very good 
agreement [see Brauers et al., 1996]. However, it also should 
be noted that we specified two errors for the slope. The first, 
the l c• statistical error of 0.04 is the result of the regression 
analysis and is caused by the random measurement errors of 
both OH instruments. The other is systematic and is due to the 
uncertainty (less than 7%) of the OH absorption cross-section 
[Dorn et al. 1995; Hausmann et al., 1997] and the LIF cali- 
bration for which we estimated a total uncertainty of 16%, 
noting that this "does not contain the (unknown) contribution 
for C•o2" [Hofzumahaus et al., 1996]. 

4. How stable is the LIF calibration under field conditions ? 
The final aspect is the stability of the 0 3 actinometer in the 

LIF calibration under field conditions. Lanzendorf et al. show 
that the effective •o2 value depends not only on the 0 2 col- 
umn, but also on the lamp voltage, a behaviour that we have 
reproduced in our absorption experiments. During POPCORN 
the 0 2 column and lamp current were kept constant in our 
calibration system. Under these conditions we observed a day- 
to-day variability of the measured 0 3 in the calibration gas of 
7% (lt•) which is partly due to the 4% measurement error of 
0 3. The small residual variability represents a conservative 
upper limit for changes of C•o2 in our experiment. This and the 
fact that we obtained good relative agreement between DOAS 
and LIF over the whole campaign demonstrates that the LIF 
calibration system has reliably traced instrumental changes in 
LIF detection sensitivity which were as large as a factor two 
[Hofzumahaus et al., 1996]. 
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