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CHAN Ef AL .: THIRD-GENERATION FAGE INSTRUMENT 

TABLE 2. Quantities Used in Ozone Interference Model, CuIDye 308-nm Excitation 

�L�a�s�~�r� beam dimensions 
parallel to air flow 
perpendicular to air flow 

Pulse energy 
Pulse duration 
Laser linewidth 
Detection gate, relative to start 

of laser pulse 
Isobutane concentration 
0 3 absorption cross section 
OeD) quantum yield 
OCP) quantum yield 

Value 

0.1 em 
0.3 em 
1.0 jJ 

16.67 ns FWHM, 25 os base width 
0.3 em-I 

60 os to 360 ns 
430 ppm 

1.42x10-19 cm2 

0.74 
0.26 

Source 

measured 
measured 
measured 
measured 
measured 

measured 
measured 

DeMore et aL [1987] 
DeMore et aL [1987] 
DeMore et aL [1987) 

18,575 

HO production by OCP)+isobutane 
HO peak absorption cross sections 

1.0x10-u molecule- I cm3 5-1 Washida and Bayes [1980] 

(A, v"=0 .... .x; v'=O) Ql 1 
Q211 

S.60xlO- U cm2 

3.97x-u cm2 
McGee and McIlrath [1984] 
McGee and Mcilrath [1984] 

Quantities are listed whose values differ from Table 1 of Hard et al. (submitted manuscript, 1990). 

dlbasurements [Hard et al., 1986; Platt et aI., 1988; Felton et 
.af;, 1988]. 

Also shown in Figure 5 is the predicted interference in 
FACiE3 using spectral modulation (tuning the laser wave­
length on and off the HO excitation line), in which the 
isobutane reagent is absent. The spectral modulation offset 
is larger than that of chemical modulation. The sign of the 
offset is positive, unlike that in chemical modulation; thus it 
is less easily distinguished from ambient HO. Nonetheless, 
at the present value of the flux and under most tropospheric 
conditions the model suggests that spectral modulation can 
yield acceptably low interference levels. 

r-J 
I I .E+6 E 
u 

Smith and Crosley [1990] have modeled an early version 
of �t�~�e� system described here which employed pumping at 
28i nm. They assumed a 282 nm laser average power of 90 
mW. The 308-nm power employed here was 6 mW. 
Although Smith and Crosley conclude from their calculations 
that additional measures are required for suppression of 
photolytic interference, we find that these measures are not 
necessary when HO is excited at 308 nm using laser average 
power of the order of 6 to 20 roW. Our model has been 
tested against the much greater interferences measured with 
the Nd: YAG/dye system (Hard et at., submitted manuscript, 
1990), and for the effects of diffusion in the Cu/dye case an 
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I: ig. 5. NCI illierference versu, laser pube flu x. prediCied by model. Solid curve: chemical 
modulalioll (negative interference, sign revcr,cd for ':ollvenience). Dotted curve: spectral 
modulation. Excitation pulse is positive half (If sincwa\e: flux units refer to squarewave 
with equal I:WIiM and equal art!a. Veni.:al line correspond; to flux under conditions in 
Tahk :! . 
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upper limit to the possible interference has been calculated 
(+ 1.3 x 103 cm-3 at 50 ppb ozone and 10 torr H20). 

Taking ambient [HOl as IxI06 cm- \ the required signal­
t.a-noise ratio as 2, and the nonresonant photon background 
rates as those detected during the above calibration experi­
ment, the model predicts a required averaging time of 9 min 
for detection by FAGE3. This represents a great improve­
ment over the I-hour averaging times we have reported 
previously. The performance of FAGE3 is compared with 
FAGEI and FAGE2 in Table 1. 

CONCLUSION 

To. improve the sensitivity and accuracy af tropaspheric 
HO determinatian, we have modified the FAGE technique 
to reduce photochemical interferences to insignificant levels. 
These modifications have also lowered both resonant and 
nonresonant backgrounds, as well as optical saturation af 
HO, and thus have led to. a reduction in the averaging time 
necessary to melisure HO at tropaspheric cancentrations. 

The FAGE3 instrument is therefore well-qualified for the 
study of fast tropaspheric photochemistry from either an 
airborne or ground-based platform. 
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