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Abstragk

In a4ty eercaol absorption spectroscopy wes parforwed using two covel photothermsl dutecticn schemes,
The first, based on a pho:cnfncun affect and coheremt detection, called 'phasé fluoctustiom optical hetero~
dyu-'(rn.m) P Py, could, depending on the g ¥y ewploysd, yield parcicle specific or particls
and gas absorption data. Single particles of graphite ss small as 1 ys were detectsd im the particle specific
uode, Is another geowstrical configuratiom, the total absorption ( both gas and serticls) of submfcron - .
sized serosole of ammonium sulfate particles is equilibrium with gasecus smmonis o' WEter vapor were mas-
sured at varying CO7 lsser_frequencies, The specifle absorption cosfficient for the sulfate fon ues measursd
to ke 0.3 @ I. at 1087 c-". The absorption cosfficient sensitivity of this scheme was less than or equal to
10 ‘1. The second scheme 1s 8 hybrid vistble Mie catnriu schame !.ncorpon:ing pbotothermal modulacioa,
Particle specifié dats oo smmomium sulfate Sroplets wers ob Tor {cally {£. 1 species, the
relative sorpticn spactrum versus laser frequeancy cao be obtained for polydisperse asrosol dtstributions
directly from the data witbout the nead for complax inverse scattering calculations,

Intredoceion

There has besn incressing intereat in the absorpcion properties of airborue particles both as & wethod
of fdentifytng cowponent species ( e.g. analytical sp ?y) aod 1n ining heating effects. An
exawple of the lacter ts the role of aerosols io hasting or cooling of the atmosphere. This i» detarutined
largely by scattering snd sbsorptico of solar radisticn by the particles. This {8 turn aay zffect global or

lnez) climata. Other examples fnclude 1 1s for efficient solar collectors based om sero-
sol absorptioa, Im this paper, we primerily discuss photot.hnr-l techniques for measuring stmospheric parti-
cles as an aid in species P {dentificati , the tachniques described herein msy in many

casss be employed in othsr particle -ppual:iml.

Ao aerosol 1{s defined as & relatively stabla suspension of 1liquid or ao0lid parcicles in a gas. RKaarly
a1l the sercscl maes resulting from chemical resctions in the atmosphers tand to accumilate io airboroe par-
ticles ranging in disweter from 0.1 to 2 im.  Coincidently , it 1» withio this range of eizes cbat vieible
14ght scattering per unit aerosol msss {s ot a marimm. HMHost of the aeroscl mass of snthropogenic origin is
bygroscopic with a significant fraction consisting of wter-soluble salcs of nitrate aod sulfate, 2Zreciss
chemical cowpoaiticn information, for axample, the relative amcunta of sulfate and attached cations, would be
of use im understanding varicus asy of & pheric chemiscry. B of che p of volatile aod
reactive ( a.g. free acids ) specias in the particles, 1t woul®' be desiva>ie to employ In sity ( {.e. in
their natural eurironment ) methods of analysis, ssch ss sbsorpt’va spectrorcopy, vhich dc oot require the
removal of the parcicles from the sir. Several prohleme have wade particle absorption spectroacopy diffi-
cult to iwplement previcusly, Tiret, direct (110 are compli d by particle 1light
scattering vhich often obscnras tbe minimal light ahsorpticn snd aecond, buckground gasss, such as water
vapor, have wing -b-orpum that dwverf the particulate centribution at ambfent levels. As & resole, -unry-

tion specer 1a in swog chamber studies are gsually limited to the 1y,
particle ‘blorptlsn measurements overcoming the Ier-c p‘robln have baen obtsined llbllt at hlgh concesntra~
tioos ( > 1 mg/m’) on smokes? and duscs? using p 7y. & form of wal sp

PY. Havrnr. it these wvorke elso, tha baclrcruund gasas ast & lo\nr limte of unllttv!.q. 1n this paper,
ve describe im detsail twvo prowising photothermal schemes that havs significant advjatages vhen ewployed fer
particle absorption spectrascepy 'Plnu Fluctuation Optical Heterodyae" ( PFFLOH )™ spectroscopy and phote-

thermally modulated vieible Mia scattering. Botb can, depending on the g 'y ard 1 system
for study, yield signals that ars particle specific; 4.e. independent of bach d gas abdsorptioa.
~EELOH Detection.
Recently, a promisiag photothermal technique for trace gay detaction, called "phase fluctustion optical
heterodyae™ ( PFLOR) detection has been demonscraced in pulsed® and cw forw’™®, The ancicipated ub"nur

sensicivity of a reslietic narrow bandwidth (cw) versioca o! this dev. s« lf’url to h lass thla 10

superior to the best previously obtainad { fov the range 1077 to 10710 ¢u-1) aaing p

ecopy”, Traliminary axperimental dnicu ave achieved sensitivities of less than m-l "t iu a ‘vl.nduvhn
flowiog gas mode'> and less than 10” 10 cu"! 1ty & *uindeviess static ccll'.. The tlwtn. gas coofiguratiom
developod at our laboratory can bs com-nhntly otilized for 1 This papar sussarizes
our initial investigations, which demonstrate the sexcellent potentisl of this epproach.
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Figure 1. Schematic of experimencal PFLOE sp for 1 etndles.

MTLOR 4 1 s calor ic and yields s signal proportional to tha anergy absorbed by the sample.
Fof trace gas datection & laser 1ime s chosen vhich s stroogly sbacrbed by the species of interest. 1In
the ebsence of absorpcioce fon and th 1 diffusion affects, the energy sbesorbmd s relsted to the
absorption coefficieat { end conseguesntly the trace gas on), the sample length and ths laser inten-
sity. Callisienal quenching of the sxcited species results {o baating of the buffer gss, subsequent gas

ion aod a ch {n densicy and index of refraeti This 1 q icy, although smell, can be
wsasures by placing the laser-heated sewple o a sensitiva laser heterodyns interfercmeter®~8,

It {3 imstructive to estiwate the megoitude of the varfous quantities favolved, If the exciting laser s
modulated at frequency, . it czn be shown that ths correspocding fourier component of induced index of
rafraction An(c) is spproximated by

(e-1) I, 0 ein (u )
WwCTp
ap a

4a(c) = )

Heze, I, 18 the cw intensity of tha lsser, o 18 the isdex of refracticn, a the abaorption coefficient of the
trace spacies, p_{1s the density of the sawpls gue, Cp 18 the specific heat &t constant pressure, sod T s
the tore, ", 1ion (1) 1s dsrived by assuming that I, s nousacurating, tbat the tharwml conduction
tims is grester than wa~l and that the effects of sswple cell walls are mintmml. For samples In nitrogen,
typical valuss ave o, = 2 2(27 Hx), T = 293 K, (a=1) = 2.92 x 10°% p.a 1,165 2 10”3 g/car, C, = 1.006 and

T = 25 W/eni, Ome ”pb -t.hyl-?n in i lm aitrogen excited by che P(14) line of a 10 | band laser

(1.0, 210(148) , 0 = 32,14 cu™! ata™t )Y, w1l resulr 1o an fnduces tndex-change amplitwde of £ = 2 x 10711,

Todices of this magnitude sre well within the capability of s coherent lassr haterodyne u:u'hro.-nr"a.

In this echese & scable -tnllt freguency probe beam, usually from ¢ helium-cecn laser sourca, 1s otilized in
& Mach-Zuhnder {aterferometer.l coutainiog the sample in one of ita arms. This proba besam is split into a

£ P aod & to ba passed through the sawple. The sample probe ts ecnsequently phase
modolated by the time varying fodex of refractiow and later recombined with the refersnce beam and betero-
dyned 10 a PIN phatodfoda. The PIN photodiode acts as a noalinear device (square law detectica) and yields
& low Irequency sfgnal at the difference frequancy, corresponding to wye The voltage seplitud:, Vy of this
componsnt is related te the sagnituds of the index of refracticn by

-y

Y - ¥, ain (Iwién(e 2)

Nere Vg 10 an experimencally deteswined electrical caltbration constant, L fs the sampls lecpth and A
the wavelength of che probe laser. JIo p fce the mini ble An 1s limited by Interfarceater vi-
brations, eawple turbulence, vindow sbsorption or gltl-nly the photon nofse of the helium neon Auur' 1In
a praviously described windovlsss flowing gas =ell”, an ebsorption coefficient sensitivity of 10°° ca ! was
abutgtd in & 20 cm loug ssmple cell. Since the strougest IR sbsorption fsetures of msny sprcies are typically
10 ea™' ata™!, this tmpltes thac tions of typicslly 1 ppb can ba detacted.

A achematic t ‘1: experieantel apparatus £s shown ia Pigure 1 adova. The mtutl: laser s & grating
waed flowing C sue laser (tolectren sodel IR230). Multivatt single 1fuou operstion can ba obtained
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on approximately 100 1ises i the 9=11 W rangs. The desam from cthie laser is awplituda modulsted meing &

tal besw chopper (F.A.A, wodel 23) aod and 1 s che interf via tws garmanism (Ce)
Srevstar vindows. Although, trassparent at 10.6im , the Ge windows fors twe of the high refleccivity
vistble mirrors of the intarferometsr, The faterfercmstsr portiom of the dstector utilizes a relatively
tnexyenaive comsarcial ecable siagle frequency helium aeom laser (Tropel model 100;} = 633 na). This parei-
cular !nnl laser has beea showa te provide an cutput vaty close €8 photon noise limited over a wida frequency
nnpl « Both CO3 beaw snd helimm neco bsam overlay o the sswple Tegion; the CO, besm fodsciag the indsx of
refraction change and the baliom meom beam probing 1. The sawple &s tntroduced ll a constant rate (0.1 to 2
1/adn) tato & central {nlet of am opew ended 20 ce Jong & um I.D. glass capillary tube which sarved as the
sanple cell. Vacoum conpectioms were waintained nesr the tube emds to balance the flow into ans st of tha
call asd to bypass tha gpew enda. A FIN photodiode (EGEC model BAD 1000) s used to process th- Laterodynmd
beams and the 9ignal cowp at tha choppisg frequency is synch 1y d d in a lock-in amplifier
(PAR model 128A), Tha futerfesrometer consists of 6 raflectors, two ef which ars 50/50 beam aplitters at 833
an. As the interferometer yielde am optfmum (limear) resyouse midway ketween destructive and coostructive
{nterfersncs, this phase conditiom ts mafatafned asing 8 esrve coutrol systew vhich dvives a trausducar 4is-
placiog one of the faterferowster mirrors, The PFLOM device was vibrationally and :ioustically i{sclated by
weans of sa air suspension toble (MRC wodel BE-510-8) and sm alumioum box epclosurs,. . -

The absorption seasitivity of eur oysten was calibrated by flowing a 10 ppb ethylens in.sitrogen sampla
dirsatly through our detection cell( see Figuis 1). Based oa the n!‘nrvod detectize Iimtt (A 300 ppt CyRy
at 8/ = 1), the lialting semsitivity was agsta deceruined te bo 10°% cu”l, comnistent with the above eatimats
asd with a previcusly pablished resalr”’. The observad signsl, 20 ¥v, was {n reas ble agresmeat with the
velue of 2017 calculated waing equatfioss (1) aud (2) sed the vulnea I = 250 W/en' and Vg = 70 wr. The
valse of ¥, was experimsntally detarmised by impressing a ramp voltage wpoe the {nterfsromater mirrer trane-
ducar (P2T) amd obeerving the PIN photodiocde voltage change due te the resulting cptical path length change;
the saplitude of the rasulting sfomeoidal voltage yielded ¥V, Some chavracteristics of cur FFLON datsctor are
susmarized ta Pigures ) through 5 fer gas opecfes. A comprabansive thesry descriding the wae ef the
FTION techuique ta efadies of wolecmlar rel foa, th 1 daction aad extremsly weak adaocptisse ia the
gas phage is given by Devic and rauebﬂsﬂ. A detailed theory of PYLLE datecticn specific to particle

will be y 3 elasvherc ~ bmt wa outlins bare soma partinent featursa,
’ 400 sac
TIME
i

Yigore 2. PYLON eigual due cto & 25 nl/ain flow of 10 ppd C2N, im Ky uwnder 250 W/ca® P10(14) COp laser.
axcication. The COy lsscr besw wes slteruately blocked and unblocksd to illnscrate the
amplituds of the sigoal and that of the baclgrousd woiss. The fluctuatiocns oo the top of the
peduotals ars dus te COp lasar power wvaristisns sad smot to system moise, .

The hutl.ghot a spherical particle exposed to cw laser radiation for times greater thas € = O has baen
treated by Chan” ' The particle haacs to en equtuht-thmun, 4T , sbove asdienc, givem by AT =
T Quuq 8/6 %, 1a & charactarintic time 7 given by 1 = & p‘ cp/3 k. Hers I is thes laser iatsesity, Q,
s the norealized abecryptfos cross sectionl3, a the radiss bf che particle , k is the thermal comductivity
of sarrounding air, Op is the particle density and c_ the specific heat of ths particle, Por submicron psr-
ticles, charateristic heating times ara less tham & alcrovecond while s 100 m perticle requizes saversl
ds, Thus, ph h 1 datection schemes vhich wmonitor changes iu the ding baffer gas o

be quite suftable for the wesvorswent of smli particles since heatiog times of culy mflli des are raquived
to cowplatsly beat even micron eized particles sad te conduct sufficlent bsat to the gas. In che lfait,
t <« , the tewperature above ambient of the air, T, , surrousding 8 eingle particle irradisted by a laser
is givem by the spherirally symsstric function AT.G) - '!'(;hl‘ whars ¢ 4s the radial d{gcasce from tha
but csn be approximsted’~ fer out pur=
poses at times, t>> ¢ , by AT, = AT-(a/r) within the limits a 5 r & AT and 4T, » O for ¢ > /&t ; f.e.
t.h:’_hund air tooe appears to hawve s boundary vhich expands due :! chermal diffusios and bas s radfus of

t o« Hars ¢ i3 the tharmel diffusivicy of afr ( x = 0.186 cu®/ssc). It can ba shownl3 that the phase

sbifc of an opticsl rey passing th h this ref: ing ephera 1 given by

L4 4

2 % %
AR o T8 Qang T g Kt )Y, (Et o 3
(R) _ﬁ:‘:__ l.;!) (? 071 (¢ ]

whare R 1s the closest radfal approach distance of the ray to the particls and T {s the --blo!: tawperaturs,
Using equstion (3), it can be sesm that & 1 1 rrtlch with Q.. ~ 1, axposed to a 100 U/ca® laser field
for 1 seac produces & AP(R) om the order of 10°% radizns; utuu » the ecact phase change observed {n the
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f{aterferomster results from a wetghted { fon of 1om (3) over tha spatisl profile of the prode
l-'l- wesn, Thir phase change {s well withia thes uplbuu:r of the heterciyne ioterferomster aod implies cbat

fcla ssnal y ia uh(mbh for wicron s{sed and poseibly smuller particles. Altbough vary
srall pﬂ!.eln ( << 1) -n mot individually 4 tebable, collections of them are detectable, Sab-

7 1aser ars im the Rayletigh regime (4 << ) ) amd the quancitywa” Qgbs
1ia nml te the mass ot the parcicle, Coasequently, the FFLOH signul from an ssasmble of smll par-
ticles will be proportiomal to their total absorptiom which {s ia turn, proportiosal to their total mes,
Ia geoersl, the formulism dascribing an enseable of Rayleigh sbsorbers cbsarved at t mch greater than T
will ba wary similar te that describiog trace gas detection simce the enerpy transfered to the surroundiog
sas very nearly equals the light epergy absorbed. Ia this cass, a etoation (1) cam ba replaced by the
quantity & + AC, ﬂln. A. s the specific abeorptiocn coafficient in w'/g and C 28 the partirulate sass
coucentration in gram ™

PTL(E aerosc] datectios capabilities in the submicron size range were axplorsd uwsing the apparatus shown
is Figurs (1). Submicrom sercsol particles, ;-n-nny a yolylupcu log norma1l® sixe dtseridtation vir.h

0.31m ic mean dt snd & maan ton of J, wers gensrsted from sque
fgm mifate solutiva waing a TST “model 076 constant output -:a-u-:‘ - rru- spectra for % ug/
2 ql-’ aass concentratisas of sulfate are dhphyﬁ is Pigures § &2 and B r ively., S 1 l.l:tlrll:!.nl

features sheuld be noted, Pirst, thare {s a droad absorptica hr:urn which tncressss with decressing vave-
aamber dos to a particulacs .um:m band centersd at 1110 em™* sod sscoud thera are-sevaral sharp features
due to gasesus abeorpticus, The nnnu- featuras nr! sore obvicos in Puu:-! &b woners the particulatas masa
concentration has been reduced, The live at 376 en™® is dus to water vapor'’ shsorpticn {approximately 502
hoatdfry) aod che line at 1083 cm 1 due to NH3 gas ( approximately 500 ppb). Note that the dats wes obtsined
4n 21ty e & contimzously flowtng seroscl and that simultanecus seasurements of water vapor and amacnis gis
concentratfos and ealfate wass losding are ob d. This tative ig zitu capability should be oseful
for di 1ab. 1 cheniscry studies. Vor m-l- the tuildap of salfute apon sddition of variocus
gases (a5, 307 ) ld catalysts to the serosol stream will ,icll ded daca ing the chemistry of sul-
fates in the atmosphera. Am interesting fexturs of the data shown in figure § £s tha large coucentracica of
i3 gue. At 0o time ia our experiments ws N3 gas added. The cbeerved approximately 500 ppb Mi, resulta
from cheaical aquilibrium bafng established between the (WN;)250, water perticlss sod ths serroundtog air.

. This poist is discussed in detail by Tacg' nnd the level of NEy odserved bere {s cousisteat with theory and

with our edserved uuuvc ln-ﬂlty ( 50T ). Ve should also mention that the equilibrium partial pressures of R
nitric setd and in the to mixzed salt aercacl systems {# currently sz problem of great

interast. Using the PFLON to:la(qu. described hare, massurements of the equilibrium vapor pressurs of WH;

can be extended to variows mixed sslt eystems for vhicl there presently 1s oo available daca,

Je wcasured a specific absorption esolﬂclont for sulfats at 1086 ca”! 0f 0.5 Il and wera able to .
dstcet sulfate lavels ss low as 100 ,g/a”, Hessuremants of levals dalow this value wers mot possible doe to
bacigrousd watar va absorptiocn. lh!mnly, sulfate/ weter droplets exist in the atmoapheretypically tn -

the range 1-100 g and ecasagquently amblent sulfate mowitoring is not possible with this FFLOK geometry.
This geowatry should, howaver, bs wseful in spplications such as diesel axhsust monitoring snd in sdvanced
e.(:bultl- Ih;nonh -bm fnn waterisl undlln‘ problers are anticipeted with chis geomstry than with,
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Pignre &, Laser pover dependsnce of PFLOH signal

Al ive PYLOE g {es can be envisiocoad to allow the gas signal P to be d from
ths aerosol signal. We heve explored oue such gecmstry which relfea on the dfscrate nature of tha particlea.
This geometry 4iffers from that shown in Figure 1 is three respects. Pirst, the CO; laser and tha halism
usom probe beam ¢7s erranged in a 5C dagrae cross beam jecmstry in the horizcatal plane, Second, tha
laser bean £ continucus ia time (i.e. oot chopped). {hird, the aerosol stream {s introduced vertically
through the {ntersection of the two beams. Tha backyiound gas signal being constsat in time is effactively
subtracted by the zarvo/P2T syscem which wsincains & phass guadrature relacionship between probe and refer-
soce beams,. As eingle particles pass through the crossed-beams, phase fluctuatfons are vhotothermally inm-
duced, The leading edge of the phase parturbacion {3 a ramp function which follovs the relation:

sn _ 43 (1) a3p a
- -4—(—)——;‘1#-—:’“.” W

here p s the density of the parcticls, v the radius of tha helius neom beam and the other paramaters ss
defined previcusly. Although our results are preliminary, we were able to obeerve jarticles of 1 -~ 10 ym
eise and the slopa of the leading edge was found to agree vith equatiom (4) to within our experimental error
(factor of rwo)., Wa found {r convenient to monitor the sicpa of Ap with respect to tims rather than the
mxisus value of An ofinca the residence tims of the particles in the {nteraction ragion appeared to be a
cosplex function of the eize, At this tims, we belisve that the residence tiws of the particies is largely
determined Uy photophoresis, the larger particles baing radiometrically expeiled from the baza at high valo-
cities, At preasent, sensicivicy is 1imited by wechanical vibrations of the intarferometer cowponents and
ty photophoresis. Vibrations can be minimized by at least two crders of magni“ude with & wodified Jamtn
interferometsr confi, fon as ¢ d in referance 8 and it cow appeara that the sbacrption of even
single submicron particles will ba sessured in future versions of this apparatus,

Fhototherpel Modulstion of Mie Scactered Light

Vietble MielS scattering {s a wall lmowniphanomerion frequently used to determine physical properties of
particles, It is sensitive, Ip pftu and ient, This sch normally yifelds size and index of rafrac-
tfon fnformatfon. Ian this section, we dascribe a photothermsl hybrid form of Mis scattasring that allows 1o

sddition bighly seositive particle sbsorption spectroscgopy to be performed,.

A schematic of cur experimental spparatus {s shown in Yigure 7. Sobmicron aerosol particles wuras gener-
ated as descrihed in the PFIOH section, The resulting 1 wvas & d d ac
into & esatral inlet of aa opan euded 20 cm long 4 mm I.D. glasse capillary tube which served as the sawple
Vacuum eonosctions were meincslned nesr the tube ends to balance the flow fato and cut of the cell and
te bypass tha cpap ende, linsarly polarized rved (633 nm) light ewitted by & Tropel 100 belius neosm laser
was directed through the samp)s and elastically scattersd off the pertfcles vhers the horizontally polariied

rate ( O co 2 1/min)
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-p vas d d at 20 deg dig raspect to the forwvard tracsmitted bean wsing an uncooled 1P28
photomltiplier, A grating tunable 12¢ 'O lasar beam, superimposad spatfally ou the helium neon baam i{n the
sample, wvas used to modify tha visible His scatterad light., Depending oo experimental conditicns, modulation
swplitudes as bigh as 40 T ( see Pigure B ) vers obsarved. At this level, the effect was asstly visible to
the sya at sub-Herz chopping rates. Although the sodulstion amplitude wes cbsarvod to be linearly proper-
ticosl to laser fntensity ap to 250 W/cn® Rg(28) uxciratfon, the intensity of the €Oy laser was typically
sdjusted to kasp the modulation amplituda ca tha order of 1 . In thess circumstsnces, s lock-in amplifiar
was smploysd to synchroncuely datect the time warying P of the ad 1ight and the signal dis-
playad using a chart recordar,

There u'i’l-vrul wechanisms lesdicg to a photothersal sodulatics of visible light seatteriog: g.)
photopboresta’™ of tha particles out of the 1llusirating probe basm, (2) macroscopic tharmal lensing“0 due to
both ges and parcicle absorptica and subssquent distortion of the farfield Mie seattering profiia, (3) changs
fs. Mis scattaring cross~section dua to tha addition of a localised light rafractiny heated gas shell anr-
rounding tha particle and (4} ph b 11y tsduced physical changes( s.g. sise, shape) in the particlas.
For volatile particles, such as mixed selt/vater droplats, the dominant sechanism affecting scattered 1ight
appaars to be siza tnduced ch < » ton and d fon) as 111 d i Pigure 9. PFor other
l!‘;ﬂol species and experimental conditions hant {1) gb (3) ean be expacted to play & contributing
reola,

Consider tha rasults shown in Pigure 8. In this casa, awecnfum sulfate/uater particles wera injected
iaoto tha sampla cell and the flow stopped to produce a static asrosol, Thas 40 T moduletion of the scattered
12ght at 0.25 Hz is dua to particle hesting and subse~

quent partisl evaporation. Nota thet during ths 'off' I
portion of the CO2 laser baating cycle, the droplets l
. i |
: o |
e
- I
3 |
! : |
' 5 i
: !
o) i
oy / -
° i —e Tt
: o—s Figura 8. Hia ecatrerad vistbla light from a static
Pigura 7. ‘c of ph hermally sodulated aerosol versus tise, vhen heated by a if:
Hie Scattering Apparatus : 300 W/ca? R9(28) CO2 laser beam
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Susmary of photothermal sodulatiocn of Mie ecettering from submicron particles: A chopped infrared
source illuminaces and heats the volatile particle causing its equilibrium size to fluctuste be-
tween the tvo radii ehovn. Photons from a cw wisidle laser are elastically scactarsd off the
particle, The resultant Mie luc:ud signal contains & yime varyiog component depsadent upos

ths IR absorption croes-section,’

reacondense to their formar eiss, Tbs longer exponential decay ( T “~ I30 e ) of the total light scattericg
1s largely das to photophoresis of the particles cut of the fisid of view of ths photomulriplier, Normlly,
in the absance of CO., laser beating, the decay is approximataly twice as long and is dus to particle diffusion
and sectling. By -innhlu & coostant flow of aercecl through tbs c-u. u::un;, diffusion and photopho-
resis affeccs tecame negligible. The -oduh:m lwll.l:nde was iodep of pplog freq y for vatas ap
to 300 Hz, suggesting that P fon and 1on rasch equilibrium in times on the order of ocne milli-
aecond, When ‘dry' crystalline ammonfuw sulfate particles were studied, the scsttered light modulation due to
size fuduced changes was sliminated. A sowevhat smaller sffect ves oburv-d in tha forvard and beckwsrd scac-
tered light lobes and whose magnitude, frequency response and angular characteristice appesred consistent with
s thermal lens effect dus to background water vapor absorption ( wechanism 2 above). Mechanism (3) is io gen-
eral & wveak effect st ambient pressure and teaperaturs and could aot be observed bers,

Pigure 9.

A theory describing the photothermal modulacion of scattered light from volatils particles will be
treated elsevhere‘', Ue outline hera the esssentisl physica. We assume that vhen exposed to - cmr.lnt 1ighe
field, the particle hazats within microseconds to an .quutbrm t—p-u:un that 1s 4 d by a Ly
h-hue- betveen 1light absorbed end heat lost th ion to the mrroundln!z-lr. Thlnl!nr
the particle modifies 1ts size by evaporation. This nwrnxl—:tcn vas justifiad by Baker““, who mnt!u:d
the effecet of radlation oo volatila particles by solving the complete bydrodynamic squations. t qntltbrzn.
tenparature changs, AT , of a spbarical particle abovae swbient air tempersture is given by Chanl®
1Qupg 8/ 4 %, . Bere I 130 the intsusity of the basting laser, Q , 1o the IR is the normelized hylctgb
absorpeion erou-lcc:l.ou . & is the radfus of the Fl!u!‘ lud | fhe tbermal conductivity of the n-htn: air,
For a 0,3 ym diztmeter droplet flimminated by 250 W/em® of 9.2 ¥® radiztion, AT is approximately 0.7 °c.
At the elevaced e, vater from tho particle mncil sn equilidrium vater: salt racio {» esta-
Mlished and the \utnr wapor p‘(gunm lbavu the particle surface just equals thet of the aurroundiog air. Taug
wsing thermodynamic arguments'® has derived an erpruseton relating the aquilidriuw radius of a solution droplac
woataining noo-volacile mulrd el 17tes to the temperature T, the relative bumidicy and to various
solution parameters. PYor p.r:l.clu larger than 0.05 ym , this upullton reduces to the wall known l.lgult’
law, 1If the tewparature change iz smell, the epproximacion aa/a = ~(3-3X)~1l.( AT/I) appears Justifted<l,
Sere, X 1s the mole fracti{en of water in the droplet and T {s the tewperature in degrae Centigrade. Thus,
hut!ug s particle by 1 °C would typically rasulet in a radius chsoge of 51’. and & Mie scactering cross=-section
reduction in the visible of gbout 24 L. In g 1, » Slze dep in tha Mie scattering
process cowplicates interpretation of the -odull:l.en swplitude. The absolute magnitude of the photothermal
modulation emplitude of the scactered 1ight will ba & sctrong function of the axzct sercsol size distributicn
encountared, particles in the size range 0.1 to 2 yu tending to contribute more to the scactering process,
Bowever, ag important point is that an exact sxpressiom for the modulation asplitude {s separable into =ulci-
pslicative facters, one of vhich depsnds solely oo wavalength, the absorption. This factorability results from
the IR absorption crose-section per unit mass being independent of the particle sixe ( Rayleigh ragime ). Con-
sequently, a plot of the modulation awplicude versus laser vavalengtb for a polydisperse aerosol will yleld a
true relgtive spectryp of the parciculate macter, Thus, thia techanique ie appropriate for upplt-
cations nqulr!.n; determinacion of the relative composition of nr:uln. for example, the retio of )t
doms: (S0,)" fons: B30 molecules. Yor a polydisperse asrosol of diverse chemical apacies of varying sises,
the sbsorption spectrum will rapresent a waighted average favoring the more efficient scstterers. Faortunately,
this size range, 0,1 to 2 yuw , coincides with the chemicsl product accumulation range in atmcspheric aarosols

and 1s of consideradle interast.

Figure 10 shows the 920 co 1080 ﬂ-l ahsorption spectrum of aumonium sulfate particles using this mathod,
This data agree well with additional data obtained asing PFLOM epectroscopy (see Tigurs € ). The good agrae=
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Pigure 10. Plot of the time varying coay t of Nie od 12ght ve €Oy luser frequency for a flow-
ing fum sulfacte 1. The data yields an Tapr on of the particulsce
fnfrared absorption spectrum over the frequency range shown,

ment democstratas that che ph h 1 scs 1 bnique yields s valid particle relative absorption -
sbow s strong

spectrun, Previcus l.n!utod spectra of ammotfum aulfate crystals preassed into KBr pallats
850," 1ca baod at 1110 ca™!, as 1o figure 10, and & weak bapd at 980 cn' "1, Assumicg ths existence of these

In:du in the aerseol spectrum, & calculated !1: to the data wvas obntud; sas solid lioe 1n figars 10,

he caslculated curve deviates somevbat from the observed dats near 940 cm™', From groap theory cousidesa-
tions, the 950 cw-1 v, vibrational mods of S0, 1s not expected to ba infrgred active in liquid dzoplets.
Thereforu, wea interprac hc spectrus shown {n figure 10 2¢ due to an 110 ca™’ y sob abdbsorpticn (specific
absorpticn of 0.5 /g st the (28) CO2 laser 1line) suparimposed on s constant ‘ueh;rwnd particulacy
absorption due Lo water. Ass the abaorption at 920 ca”l to be dus titally to y-tuwhto water, wa
estimace that the solsr racfc of water to sulfate in ocar droplets to bes approxisstely 2 : 1. These values
ars consistent with that expected from wet droplets partially dried i{n s 50 to 60 I humidity envirooment and
illuscraces the capability of :hu approachi, Had we also soployed & halium ason 3.39 umlaser for aarosol
heating, the fraction of m,‘) i{ons could also bave been determined,

Conclusions

Two promising pbotothermal aerosol datection schemes hive been described which sppear to hvn significane
P aod

adventages over existing nchntquu for absorption measursaents. Both PFICH h 11y
sodulated Mfe scactering caa, dep ing on the y aad 1 syst:m ch for study, y-.l-l.d particle
specific absorption dats with exceptional nn-tuvi:y. i.a, single parc/cle,
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