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Shirinzadeh et al.1 have treated the production of spurious 

concentrations of hydroxyl during laser excited fluorescence 
measurement of this radical's atmospheric concentration. 
The interfering OH results from ozone photolysis, producing 
O(1D), which reacts with water vapor to produce OH, which 
is detected during the same laser pulse. These authors1 

show that the time-averaged OH concentration produced 
during a laser pulse of width At is given by 

Here A is the first-order rate coefficient for the quenching of 
O(1D) by air, σ is the absorption cross section of O3 in cm2, k is 
the second-order rate coefficient for reaction of O(1D) with 
H2O, E is the pulsed photon flux through the sample in 
photons cm-2, Ac is the fraction of the OH [produced by the 
O(1D) + H2O reaction] that resides initially in the rotational/ 
vibrational level probed by the same laser pulse and F{AAt) 
= 1 - (2/AΔt){1 - (l/AΔt)[l - exp(-AΔt)]}. The principal 
assumption implied by Eq. (1) is that rotational relaxation of 
OH during the pulse does not contribute to the observed 
concentration over the pressure range of interest (from 2 to 
760 Torr). This assumption is questionable at the highest 
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pressures in this range; yet it appears to be supported by 
experimental data (1) on the pressure dependence of Eq. 1, at 
least within experimental uncertainty. 

In OH detectors that lower the sample pressure before 
laser excitation,1-3 the consequent OH density changes are 
compensated by changes in fluorescence efficiency,4 down to 
a lower limiting pressure of <2 Torr. If Shirinzadeh et al.'s 
assumption1 of zero chemical loss of ambient OH during 
expansion is correct, the equivalent ambient OH concentra
tion that corresponds to the absolute interference in Eq. (1) 
is [OH]ia = (Pa/Pd) [OH] i where Pa and Pd are the ambient 
and detection pressures, respectively. 

Although we commend Shirinzadeh et al. on their develop
ment and experimental verification of Eq. (1) we must point 
out three errors which caused them to overpredict spurious 
HO in our published data2-3 more than 3 orders of magnitude. 

The most serious disagreement concerns the net interfer
ence obtained from the ozone/water mechanism when a hy
drocarbon is added periodically to the sample flow to mea
sure the total background from all causes. Shirinzadeh et 
al., who did no experiments with hydrocarbon modulation, 
state correctly that the presence of the hydrocarbon in
creases the removal rate of O(1D). This in turn reduces the 
production of OH, thereby reducing the gross photolytic 
background represented by Eq. (1), resulting in a false posi
tive OH signal. This signal [OH]spur is equal to the differ
ence between Eq. (1) as written and Eq. (1) with substitution 
of A + kH for A. Here kH is the first-order O(1D) removal 
rate coefficient due to the hydrocarbon concentration alone. 
Algebraic manipulation yields 

The two ratios of the form F/A in Eq. (2) can be evaluated by 
approximating the exponential within F by a power series. 
If AΔt « 1 and kH/A « 1, further steps give 

Fig. 1. Log-log plot of predicted gross [OH], and net ([OH]spur) 
ozone/water signals vs time. Conditions: air sample containing 
200-ppb O3 and 20-Torr H2O, expanded from 760 to 4 Torr, single-
pass excitation at 282 nm at a constant rate of 1 mJ/7 ns with beam 
diameter 0.4 cm, modulation by 460-ppm isobutane, rate coefficient 
kO1D+IBU = 6.6 × 10-10 mol-1 cm3 s-1. Vertical line indicates actual 
laser pulse width; extension to shorter and longer illumination times 
illustrates asymptotic behavior of Eq. (2). Dotted curve explained 

In text. 



Equation (2a) is the low-pressure limit corresponding to the 
conditions under which chemical modulation has been 
used.2-3 At 4 Torr, A = 4.4 × 106 s - 1 ; with Δt = 7 ns, AΔt = 
0.03. The added isobutane concentration of 460 ppm and an 
O(1D) + isobutane rate coefficient of 6.6 × 10 - 1 0 mol - 1 cm3 

s - 1 give kH = 4 × 104 s - 1 . The resulting fractional modula
tion [OH]spur/[OH]i is kHΔt/4 = 7 × 10 - 5 . That is, only 7 × 
10 - 5 of the gross photolytic HO shows up as a net positive 
offset in this mechanism. 

At higher pressures, AΔt » 1, and Eq. (2) approaches 

which is identical to Eq. (6) of Ref. 1. When Eq. (2b) is 
mistakenly applied to the low -pressure case, [OH]spur is over-
predicted by the factor (kH/A)/(kHΔt/4) = 4/AΔt. For AΔt 
= 0.03, appropriate to Refs. 2 and 3, Shirinzadeh et al. used 
Eq. (2b), overpredicting the fractional modulation by a fac
tor of more than 100. 

Figure 1 displays the time behavior of Eqs. (1), (2), and 
(2b), assuming continued illumination of the sample at the 
same rate as the average during laser pulse. The top curve is 
the gross ozone/water background predicted by Eq. (1). The 
bottom curve is the net chemical modulation given by Eq. 
(2), which is adequately approximated by Eq. (2a) at short 
pulse widths and low pressures. The dotted curve is ob
tained by arbitrarily setting F([A + kH]Δt) = F(AΔt) in Eq. 
(2), equivalent to the erroneous application of Eq. (2b) to all 
pressures. The error in the misuse of Eq. (2b) is represented 
by the displacement of the dotted curve from the solid curve 
([OH]spur) at the vertical line indicating our laser pulse 
width. 

The right-hand portions of these curves are displayed only 
to exhibit the asymptotic behavior of Eqs. (1) and (2). In 
reality, one expects increasing contributions of rotational 
and vibrational relaxation of OH after 10 - 6 s. After 10 - 4 s, 
chemical and bulk-transport losses of OH become signifi
cant. Neglecting these complications, Eqs. (1) and (2) are 
linear in í in the steady-growth limit. At times shorter than 
1/A = 220 ns the graph shows t2 dependence5 for [OH]; and t3 

dependence for [OH]spur, agreeing with the leading terms of 
their respective series approximations. Both variables were 
defined as averages from t = 0 to t. Although not plotted in 
Fig. 1, the corresponding instantaneous kinetic variables at t 
are larger than the averages by nearly constant factors: 2 in 
the linear-growth region, 3 in the t2 region of [OH]i and 4 in 
the t3 region of the net yield from chemical modulation. 

Our second objection concerns the theoretical prediction 
of the gross ozone-water background for the ambient OH 
measurements reported in Ref. 2, using Eq. (1). Reference 2 
did not supply the actual beam diameter (0.4 cm) in the 
detection zone or the laser pulse width (7 ns). These correc
tions reduce the predicted gross background by a factor of 9. 

Together, the above corrections to the gross and net photo
lytic signals lower [OH]spur from that predicted for single 
laser beam pass excitation by Shirinzadeh et al.1 by a factor 
of more than 103. 

Our third comment concerns HO production by one chan
nel of the reaction of O(1D) with the hydrocarbon, ignored by 
Shirinzadeh et al. Such production has been observed for 
other small alkanes7 and would be expected for isobutane. 
Since this production of detectable OH increases the signal 
in the background channel, it is a false negative OH signal. 
This negative contribution, as well as the effect of increased 
quenching of spurious OH(A2Σ) by isobutane and the in
creased net interference due to overlap of beams within our 
White cell, will be treated elsewhere.8 Using isobutane as 
the modulating hydrocarbon, we find experimentally that 

the net result of 0(XD) modulation, OH(A2Σ) quenching, and 
additional OH production is a negative interference for all 
atmospheric H2O concentrations. 

As a consequence, the presence of spurious OH is readily 
detected by nighttime measurements using chemical modu
lation. If ozone is present, such measurements produce a 
negative offset recognizable since nighttime OH concentra
tions are quite low or zero. We routinely perform 24-h 
experiments and have in fact reported a nighttime offset of 2 
× 105 HO cm -3 .2 At the time this offset was attributed to 
possible fluorescence of impurities in the isobutane modulat
ing reagent, an offset which is constant and subtractable. 
Although the ozone offset is small, it is not constant and 
should be minimized or accurately measured. This topic 
will be treated elsewhere.8 
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