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A_PHO_TOACOUSTIC 'INVESTIGATION OF URBAN AEROSOL PARTICLES

Zafer Yasa and Nabil M. Amer
_ ‘Lawrence Berkeley Laboratory
~ ‘Applied Laser Spectroscopy Group
and
H. Rosen, A.D.A. Hansen, and T. Novakov
Lawrence Berkeley Laboratory ‘
Atmospheric Aerosol Research
, University of California
Berkeley, California 94720
The nature of the absorblng spec1es in atmospherlc aerosol
partlcles has recently attracted con51derab1e attention among atmos-
pherlc and environmental sc1ent15ts Recent studles using Raman
spectroscopy and an opt1ca1 attenuatlon technlque 1nd1cate that
the absorblng spec1es in urban partlculates 1s "graphitic'" carbon.
We report here on the results of a. photoacoustlc 1nvest1gat10n '
whlch glves an 1ndependent verlflcatlon of this hvpothe51s
Unllke convent10na1 optical absorpt1on technlques, photoacoustic

spectroscopy measures the energy dep051ted in a sample due to absorp-

tion. Slnce questlons have been ralsed whether the opt1ca1 attenua-

tlon technlque exclu51ve1y measures the absorblnc rather than the

scatterlng component of the aerosol, a comparlson between photo-

acoustic and optlcal attenuatlon measurements made on the same

aerosol sample should help resolve this amblgulty

| The photoacoustic measurements were made in an acouetlcallv
nonresonant detector with cyllndrlcal geometry (Flg l)t A_Knowles
-mlcrophone (Model BT- 1759) was usec, and the cell dlmen51ons ‘were

2.1 cm in diameter and 0.3 cm in length. The gas in the detector -



1o

cell was air at atmospheric'p}essure.' A He-Ne laser operating at

© 632.8 nm with 0.5 mW of power was used as the light source, and the

éxperiments were performed at a modglation fréquency of 20 Hz.

The aerosol partlcles, collected on 1.2-u Millipore filter sub--

strates, were mounted on al. 5 -mm-thick Pyrex backlng w1th the par-

ticles fac1ng the incident llght Deam.. Experiments were also per-

formed with the laser beam first 1nc1dent on the filter substrate.
“In the 11m1t of low frequencx light modulatlon (5100 Hz),

'"it*can‘be shown2’3 that the photoacoustic-signal is given by:

nYPWu U G (w)

V() = £S5 " ° l-exp(-af)] - (1)
‘ 2/ibTVK - o :
sb
where n -:heat conversion efficiency

 »7 —‘Specific'heat.ratio for air (Cp/Cvf
p - cell pfessure |
W QAinput‘power
u_ - thermal diffusion length in ait_
- thermal diffusiqn length in substrate
Gtw)‘— mictophoﬁe response. |
b - dimensionless patametér taking into.accountvthe dif—t
fusion of heat from the sémple,tb'the Pyrex backing
T - temperature‘ | | o
'V - cell volume
Ksb - therma} ctnductivitfvof.substrate
@ - absorption coefficient

2 - effective path length .

O



From Equ. (1) it follows that the photoacoustic' signal saturates.
exponentially with increasing absorptioh to a value of
' nyPWu _u_, G(w) : :
sb
() = —F . @

2V/2bTVK
sb

'sat

Hence the ratio of the signal from a given.sample to a reference
sample for whi¢h the signal is saturated yields

= V/V - 1§exp(-a£) . D - (3)

. S sat

ph
This saturab1e’behavior was obsefved;for highlyiabSorbing Samples,
and the sample which yielded the largest photoaéoustic'signal was

used aé the reference, V Note that such samples yield values

sat’
of a? 2 3 as deduced from the opt1cal attenuatlon measurements,
"heénce the hlghest 51gnal obtained from available samples is’ close ‘
to the actual saturation value.

Tﬁe'experimental setup for‘the optical attenﬁation’measure;
',mEnfs'iS'déscribed e;sewhére.1 In this tgchﬂique thé signal sop
is defined as l-exp(-x). Xx is the'optical atténuation df.the'sample
and is glven by -1n I/IO, where I is the transmitted intensity of

a loaded fllter, and I is the transmltted 1nten51ty of a blank

0
filter.
In Fig. 2 we present a plot of the normalized photoacoustic

signalvsph vs.vSA for a wide range of ambient samples and samples

collected directly from combustion sources. The samples include -



ufbanﬂparticglates colleéted'over a 24-hr befiod in Fremont and

» Anaheih, California; Denver, Colorado; and New York, New York; and
particles collected in a highwéy tunnel and from an acetylene torch.
The least sqﬁafes fit of fhe experimental points yields a’correlation
coefficient r of 0.98 énd a slope of 1.03, whicﬁ would be expected

if bdth techniqueé méasuré'the same opticai property of tﬂé aerosoi
particles.b Since the_photoacoustic signal»is:pfopértional to the
heat generated by abSOrption,:we conclude that the éptical attenua-
tion;mgthod measures the light absorbing.component oflthe aérosOl.
particles. - |

Erom'a fheoretical point of view, this result is somewhat
surprising since aerosol particles have a large scattering coeffi-
cient, which would be expected to contribute to the optical'atteﬁua-
tion measurement and not to the photoacoﬁstic signal. Howefer,
caréful.eXamination of the éxperimenta1 drrangment shéws,that the
‘incident light.interacts not only_with the aerosol particles but
also with the filter mediuﬁ, which is almost a perfect diffuse
.reflector. In this circumstance, it is poséibie to shéw4 that due
to multiple reflections between the particles and the filter sub-
stréte, the optiéal'atteﬁuation measuremeni is insensitive to the
'scattering properties of the aeroéol.

In coﬁclusion, the results preéented here, when ;ombined with
Ramaniséattering data1 and thermal _analysis5 and solvent extraction
resu_lts,6 indicate that the optically absorbing compohent of urban
aerosol‘ﬁarticles isf"graphitic” carbon. Extensions of_this‘wbrk are

presently being carried out in our laboratories.
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Figure Captions

1. Experimental affangément.'
2. Plot of S, vs. S__ for various samples:
‘ “ph op

V - Fremont; 03 - Anaheim; o - Denver

A - New York City; @ - highway tunnel; ® - acetylene torch.

The solid line is a least squares fit of the data.
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