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The free radical hydroxyl (HO) is of central importance in 
atmospheric chemical processes. Measurements of its con
centration in ambient air are often performed with the sen
sitive technique of laser-excited fluorescence,1-3 but many 
difficulties are encountered. These difficulties arise from the 
high reactivity of HO (and its consequent low concentration 
and short chemical lifetime), its low fluorescence yield at at
mospheric pressure, and interferences near the detection 
wavelength (309 nm) by other substances in air. These in
terferences include (a) Rayleigh and particulate scattering at 
the excitation wavelength (282 nm); (b) Raman scattering by 
O2 (295 nm), N2 (302.5 nm), and H2O (315 nm); and (c) fluo
rescence throughout this spectral region by unidentified air 
constituents.1,2,4 These interferences are most severe at low 
atmospheric altitudes. They are attenuated by spectral fil
tering, and what remains of them is measured by the back
ground obtained by off-resonance excitation. Provided that 
photochemical production of spurious HO is absent, the noise 
associated with this background determines the lowest HO 
concentrations that can be measured. 

In this Letter we report preliminary results on a sampling 
method that greatly reduces the above interferences relative 
to hydroxyl fluorescence. The method involves expansion 
of the sampled air from 1 atm to lower pressures and takes 
advantage of the fact that the HO fluorescence yield is in
versely proportional to the total pressure. Rayleigh, partic
ulate, and Raman scattering decrease linearly with the pres
sure. Furthermore, it can be shown5 that background fluo
rescence decreases from those air constituents whose fluo
rescence yield is higher than that of HO. 

The present results were obtained in laboratory air, into 
which HO concentrations near 1010 cm - 3 were introduced 
from a flowing source. The source produced HO by 185-nm 
photolysis of H2O in N2 by a mercury lamp. The air mixture 
was continuously sampled by an 0.7-mm i.d. orifice leading 
into the side of a 10-mm i.d. Suprasil flow tube. Allowing the 
N2 flow to bypass the H2O bubbler extinguished the HO sig
nal. The flow-tube pressure was adjusted over the range 
18-600 Torr by a valve leading to a vacuum pump. 

Traveling along the axis of the flow tube was a beam of 8-
nsec pulses of 282-nm radiation obtained from a frequency-
doubled Rh-6G dye laser pumped by a frequency-doubled 
Nd:YAG laser. For these experiments the 282-nm pulses had 
an energy of 0.1 mJ and a spectral full width at half-maximum 
(FWHM) of 1.3 cm-1. Fluorescence from a 2-cm length of the 
beam was collected, filtered by cellulose triacetate film and 
a 2.8-nm bandpass 0.25-m monochromator, and detected by 
a photomultiplier. 
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Fig. 1 Emission spectra obtained from 282-nm excitation of labo
ratory air mixed with a flowing HO source and sampled by an orifice, 
at flow-tube pressures of 400 Torr and 18 Torr. • , Q11 excitation. 

• , nonresonant excitation. 

The E -vector of the excitation beam was normal to the 
plane of observation, and no polarizer (other than the mono-
chromator grating) was inserted into the detection path. This 
arrangement was chosen to maximize the strongly polarized 
Rayleigh and Raman interferences relative to the unpolarized 
HO fluorescence and to provide a rough intensity calibra
tion. 

Despite the high surface reactivity of HO we have observed 
useful chemical transmission of HO by the orifice and flow 
tube. Spectra obtained at flow-tube pressures of 400 Torr and 
18 Torr are compared in Fig. 1 on the same ordinate scale. 
The HO signal is the difference between the fluorescence ex
cited at Q11 (281.9145 nm) and that excited at a wavelength 
0.024 nm longer. First, one notes the expected decrease in N2 

and H2O Raman intensities in going from 400 Torr to 18 Torr. 
Second, the fluorescent background at 309 nm improves, 
though not in proportion to the pressure change. Third, the 
HO signal grows with decreasing pressure, for reasons cur
rently unclear. Expansive cooling increases the fractional 
occupancy of the HO rotational level that is being pumped at 
Q11, but, at the flow velocities attained, the cooling is insuf
ficient to account for the increase. We are inclined to at
tribute the observed growth in HO signal to decreasing wall 
loss in a turbulent zone immediately after the orifice. 

With the HO source removed, the flow-tube pressure de
pendence of the room-air background fluorescence at 309 nm 
was measured (Fig. 2). Theoretical curves are included for 
the expected fluorescence signal, relative to 1 atm, for the case 
of HO and for two hypothetical substances whose fluorescence 
yields at 1 atm are 0.075 and 0.5. Evidently most of the ob
served fluorescence is due to substances whose yields are much 
higher than that of HO. 

These experiments demonstrate the suppression of inter
ferences and the preservation of hydroxyl fluorescence when 
air is expanded. Work toward improving the chemical 
transmission of HO by the orifice and flow tube is in progress. 

Fig. 2 Fluorescence of laboratory air excited at 282 nm and observed 
at 309 nm vs flow-tube pressure, compared with fluorescence behavior 
expected for HO (1-atm fluorescence yield Yatm = 0.0014) and for 

substances with Yatm = 0.075 and 0.5. 

The HO fluorescence decay time, which is indistinguishable 
from the laser pulse width at 1 atm, lengthens with decreasing 
pressure, so temporal discrimination against interferences is 
also being investigated. Improvements in excitation power 
and linewidth and in signal collection and detection are an
ticipated; they will enable us to extend these studies to am
bient HO in outdoor air. 

This research was supported by NSF RIAS under Grant 
SER 76-18132. 
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