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A1>« tract

l a attu aaroaol abaorptlon epectroecopy wee performed using two naval phototheraal detection schemea.
Tba f l r e t , baaed on a photerefractlva affact and cobarant detec t ion , cal led 'pbaae fluctuation opt ica l batero-
dyna ' f rnca ) apectroeeopy, could, depending on tba geometry employed, y i e ld parc l i l e apaelflc or p a r t i c l e
and gaa absorption data. Single par t tdaa of graphite aa aaall aa 1 |ia> i n n deteettd l a tba part le la s p e c i f i c
mode. I s anothar geometrical configuration., tha t o t a l abaorptlm ( both (aa and pajelela) of eubaleraa
alzad aeroso l s of aaaenioa eulfata parttelaa ta eeut l lbrlua with gaseous aaaonta a.td water vapor vara aaa-

Tba apaelf le abaorptton e o a f f l d a a t for tha anlfata Ion uaa aaaanrad
lant aanalt lTlty of tbla achaaa vaa laaa than or easal ta

aeattarlnt acbaaa lncorporatlnt pbotothanail aodulatloa.
Fart le la apactf lc data sa aamonlua aal fata drop lau vcra obtalaad. Tor ebaalcal ly tdantlcal apaelaa, tha
ralat lva abaorptlon apactrua varaaa laaar fr««o«ocy can ba obtalnad for polydlapcraa aaroaol dlatrlbntloaa
tflractly froa tba data v l thoat ttaa naad for eoaplax lnvaraa acattarloc caleulat lona. j

Tntfndngtlop I

Tbara haa b»n Incraaatnc lntaraat In tba abaorptlon propaxtlaa of alrboraa partlelaa botb aa a aetbod
of ldentlfylnf coaponant apaclaa ( a.(» analytical apaetroacopy) and In dataralnlni baatlng affacta. Aa
axaapla of tba lattar la tha rola of aaroaola In baatlng or cooling of tba ataoapbara* Tbla la dat«ralaaa>

larsaly by acattarlni and absorption of aoLar radiation by tba partlclaa. Tbla In tarn aay affact global or
l~-=» d l a a t a . Otbar axaaplaa lncluda aararal racant propoaala for af f ldant aolar collactora baaad on w r
aoL abaorptlon. In tbla papar, vc prlaarlly dlacuaa pbototbaraal taehnla^aea for aaaaarlng ataoapbarlc parti"
claa aa aa aid In apaclaa coapooant ldantlflcatloa. Hownr, tha tachnlquaa daacrlbad bcraln aay In aany
caaaa ba capleyxd lo otbar partlela application*.

An aaroaol la daflnad aa a ralatlvaly atabla anapanalon of liquid or aolld partlelaa In a gaa. Haarly
a l l tha aaroaol aaaa raanltlog froa chaalcal raactlona In tba ataoapbara tand to accuaulata In alrborna par-
tlclaa ranging In dlaaatar froa 0.1 ta 2 lai. ColscMaatly , It la vlthln tbla ranga of alias that vlalbla
light acattarlng p«r anlt aaroaol aata la at a aazlaua. Hoat of tba aaroaol aaaa of anthropoganlc origin tM
bygroaeoplc with a atgntfleant fraction eoniiatlag at natar-aolaala aalc* of olerat* tat lultat*. ?raclaa
chaalcal coapoaltloa lnferaatlon, for axaapla. tba ralatlva aaounta of aulfata and attacbad catlona, maid ba
of naa la andaratandlng varlona aapaeta of ataoapharlc cbaalacry. Vacauaa of tha praaaaea of volatl la and
raaetlva ( a .g . fraa aclda ) apaclaa la tha partlelaa. I t waul' ba daalraM* to aaploy i n l U a ( l . a . la
tbalr natural cavlronaaat ) aathoda of analyala, aaeh aa abaorpt'in apactzorcopy, «hleb de not raqulra taa
raaoval of tha partlclaa froa tha a i r . Sararal problaaa bava aada partlela abaorptloo apactroacopy d i f f i -
cult to laplaaaat prarloualy. Tlrac, dlract tranaalaalon aaaauraaanta ara complicated by parttela light
aeattarlag which of tan obacnraa tha alalaml light abaorptlon and aacond, background gau'a 'ucb aa watar
vapor, hava wing abiorptlona that dwarf tba aartleulata contribution at aablant lava la . Aa a raanlt, aaanrp-
tloa apaccroacopy of aaroaola In aaog ebaabar andlaa ara usually limited ta tba gaaaoua coaponunta. lacantly,
partlcla abaorptlon aaaauraaanta ovareoalng tba foraar problaa hava baan obtalnad albalt at high conrantn-
tlona ( i 1 ag/a ) on aaokaa^ and duaca^ nalng pbotoaeouatle apactroacopy, a fora of pbototharaal apaccroaco-
py. Rowwar, In tbeaa worka alao, tha background gaaaa aat a lower l la lc of sanaltlvlty. In thla papar,
wa daacrlbe la datall two proatalng phototbaraal acbcaaa that hava significant advaatagaa wban aaployad for
partlela absorption spaetroscopy: "Fbaaa Fluctuation Optical Hatarodrne" < FFUH )* sptctroacopy and photo-
tharaally modulated vlalbla Mia acattarlng. Both can, depending on the geoaatry at.i aeroaol system ehoaaa
for atudy, yield slgnala that ara partlela apaelfle; l . a . lndepaodant of background gas absorption.

Recently, a proalalng phototbaraal tacbnlqua for craea gaa datactlon, called "phaae flactuatlon optleal
hatarodyne" ( FFICR) datactlon h b d * 3"* h

i i i f

itotberaal technique for creee gaa detection, called "phaae fluctuation optical
i haa been deaonatrated In puleed* and cw fora3"*. The anticipated abaprptlpo
row bandwidth (ew) verelon of thla device appears to be leaa than 10"" ca"*,

superior to the beat previously obtained ( In the renge 10*' to 10"10 ea"1 "
ecopy . Frallalnary arperlmental devices bave achieved aeasltlvlclae of le
flowing gaa mode'5 and laaa than 10"10 ca"1 la a 'wlndowleea statle c e l l ' * .

) nalng photoaceuatte apeetro
ess than 10"1 ca*1 1B a 'vlndovliae |

Tba flowlag gaa cooflguratloa ||
devalopad at our laboratory can be conveniently utilized far aaroaol characterization. Thla papar aueaarlzaa
our In i t ia l Investigations, which demonstrate tba excellent potential of thla approach.
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Mgura 1. Schematic of O f n l a n u t R U B apaetroaater for aareaol acadtaa.

mem detection ta calorlaatrlc and yialda a algaal sroporcioaal to tha inargy abaorbed by tha aupla .
tot er*ea | U datectloa a taaar ltoe U choeea vhleh to atroogly abiorbad by tha apaeiita of lntaraat. Io
tha abaanea of abaorpeloa aaearattoa and tharaul dlffaatoa affaeta, tba energy abaorbod la reUtad to eha
abeorptloa coatflclaat < aod coaaoaaeatly tha truce gaa concentration) , tha aaaala length aad the Uaer Inten-
s i ty . Calltaloaal auanchtag of tha excited apaclaa raealee to but lag of tha buffer gae, aobeeqnent gee
expanelca and a. change la denelcy awl Index of r a f n c t l s a . ThU Uttar eoentlty, although ( M 1 1 , cao ba
•aaayraa by pUetag tha Uaar-baatad aaasla la a aau l t lva laaar hacrrodjni lotarfarsaMtar*"*.

t t la laacracclTO to aatlMta tba aacoltuda of cl\» »»rlou« a^aancltlaa imroWad. If tha axcltlct laaar 1»
•odalatad at frm^ancy. »i , It eaa ba ahovn that tha eorraapoodlag fonrlar co^ooant of Induead Index of
rafractlon fln(t) to approxlaatad by

AaU)
2w C T p

• P '
(1)

***•• l o l a **>* «r lataaalty of tba Uaar. a la tha ladaz af rafraction, a tha abaosptloa eoafflclant of tba
trace apaclaa. p to tha daoaltr of tfca aaapla (aa , C. to tha apaclflc haat at c o u t u t pnaaara, u d T l i
tha taayaratora. Iqoaclon (1) to dnlvad by aaaoatos that I o la a l h b b daoosaoiratlac, that tba tbaraal conduction

Indtcaa of thto aagaltuda ar« »all wlthla tha capability af a eoharaot Uaar hatarodyaa tot«f.roa»tar*"8.
la thto achaaa a acabla atnila fraquancy proba b u a , aaually froaj a ballim-naoB toaar l a n t i , to ot l l l iad la
a Hach-Zahadar U t i r h r o M M r " containing tba aaapla to oaa of Ita araa. Tbto proba baaa to apllt Into a
rafaranca eoapoaaat and a coapooaat to ba paaaad through tha laapla. Tha aaapla proba to ecniaquently phaaa
•ooolatad by tha tlaa varying lndax of rafractloa aad latar racoablnad with tha rafaraaca baaa aod hctcro-
dysad lu a PHI phaladtoda. Tha PM pbotodloda aeta aa a noallnaar davlca (louara law dataetlo-i) aod >l«ld«
a low fraquancv algnal at cha dlffaranca fraquancy. corraapoodlng to io_. Tha TO I tag* aapUtudi, VM of thla
coapoatat to ralatad to tha aagalcoda of tha ladax of rafracttoo by

A aehaaatlc
tonad flowtog

axparlaantal apparatua la ahown la Flgnra 1 aticrra. Tha excitation laiar ta a gratlnt
gaa Uaar (H°l«ctron nodal WHO). Hiletwatt ilngla Una oparattoa cao ba obtained
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on approaloately 100 llaae la the * - U V range. The beaa froa tbta Uaar la aaplltuda aodaUtad as Ing a
coaasrcUl baaa chopper (f J lJi . asatal *S> and aatnre and leave* tha latarfaronater v U twa gamnnlaa (Ca)
Irawstar windows, although, treaaparaat ac W.tiai , tha Ca windows fora me of tha high re f l ec t iv i ty
visible alrrora of tfca taterferoaatar. Tha laterfarsaatar portion of thn datactor a t l l U e e a reUttve ly
Inexpensive eosaarcUl atable a lax la frequency heltua aeea laaer (Tropat nodal 100;* • 633 aa) . Thla parti-
cular nodal User has beea shown to provide aa output very cloae ca photon noise Halted over a wide frequency
tanga11. Soth COj bean and hellasi aeon beaa overUp la the ssaale ration; the CO, baaa ladaetag the Index of
refrscctoo change and the ballast neoa heaa probing I t . Tie ssaalo la Introduced at a constant rate (0.1 to 2
1/ale) Uta a central tnlat of aa ovoa ended 20 ea long 4 aa I.D. glaas capillary tuba which •nrvedJ aa the
asaple ce l l* Tacaua conoectloaa warn aalntalned near the tabe anda to baUnea the flow Into ana out af the
ce l l and ta bypass the opaa anda. A FIB phocodloda (R*S nodal BAD 1000) la need to process On '^aterodyaad
bases and tfce signal coaponent ac the chopping frequency la aynchronoualy detected la a lock-la amplifier
(Ml nodal 12M). Tha tntarferoaatar consists of * reflectors, two af which ara 90/30 baaa sp l i t t ers at 633
eau As the Interferonater ylelda aa optlaua (linear) restionse aldway between deetmetlve and constructive
Interference, thle phase condition la aatatalned oalag a serve control syataa which drlvee a traaaducar dle-
pUclng oos of tfce lacerferoaacar adrrers. Tfca rTLBI device wee vlbratlonally and Mtwetically laaUtad by
aasas af aa air euspanatoa table ( m e nodal IS-ilO-t) and aa aUmlnua t u mclomr*,. .

Tfca absorption aaut t lv l ty af oar eyscan wae calibrated by flowing a 10 ppfc eefcylena in .olcrogoa. *aa»la
diraatly through ear detection c e l l ( see F l t w t 1 ) . tesed aa tha obsarvait decact ln l l s t t (*> 300 ppt CjS*
at S/a » 1 ) , tfce l lalt laa s ens i t i v i ty waa s t s l* deceralaad ta ba 10 • cn)"1^ ceaclateat with the abova aatlaate
aad wltfc a srevlenaly published reaale*. Tha obearvad i lgnal . 20 Wv, was In raaaogabla egraeaaac with tfca
veles af 2* Mv calculated eslag eaaatloae (1) and (2) and the vaUae 1 - 2 3 0 B/caf and T. - 70 av. The
vaUe of »a «e» exaerlasntally detanalaed by lapreestog a reap voltage apoa the tnterfaroaater edrrsc traae-
docex ( B t ) and oka a n lag the FTJI ahacodtode voltage chsage daa ta tha resulting optical path length change;
tne anplltade of the resaltlag eliwieoldel voltage yielded T.. (one characeerlatlca of ear TTUM detector ara
susaerlted In. yigures 3 throagh S far gaseous species. A ceaprabaaelve theory describing tha asa af tha
TTlcm techatoae la acedlae of ejalaoaUr ra luat loa . tkaraal conduction sad extreaely weak absofptleas la the
gee phase U given by Devle aad Fatacbawskl*. A detailed theory of TWUM detection, specific ta particle
aaaanrsaracs wil l ba preseatnd aUawhcre'-3 hat we outline here ooae pertinent features.

TIME

rigor. 2 . TTUa algaal daa to a 13 a l /a la flow af 10 pah Cjl^ la »2 andar 2S0 H/ca1 fioCM) eo2 lanar.
aul tat laa . Tba 00* taaix baaa waa alMroataly klockad aad nablockad ta l l luatrata tha
aaalltada af tha alcaa.1 aad that af tha backhand aalaa. Tha flaenatlooa oe tha tos of tha
aadaatala ara aaa t* COj laaar poaar mrlatlaaa aad aot to ayataa aoUa.

Tfca ht i t l s s of a aaharleal aart lc la axaoaad to cir latar radiation for tlaaa graatar thaa C » 0 haa baaa
traatad ay Chan *. Tha partleta haaca to aa aaiilltbrlaa taaparatara, 4T , abera aablaae, glvaa by AT -
T Qak. a/4 k. la a charaetarlacle tlaa T glvaa by T - a' p . c-/3 k,. lara I la tha laaar lataaalty, Qabs
la tba naraalliad mbMar,tlom eraaa .act ion 1 5 , a tha radial af tha aartlcla . k̂  ta tfca tkaraal caaductlvicy
of aarrauDdtag a ir , 0 . la tha partlcla dans Icy aad c tha apaelHe fcaat of tbo aartlela. For aabaleraa par-
tlelaa, eharatarticlc haatlag tlaau ara laia thaa a alcrnaeaad whlla • !M | a partlela raantzaa awaral
•acooda. Thu«, phototharaat dataetloa achaaaa which aaaltar ehugaa la rha aarraaadlag oaf far gaa aapaar to
ba aulta aattabla far tha aaaaaraaaat of n a i l partlelai ataca haattag tlaai af oaly allllaaeonda ara rafulrad
to coaplacaly haat arao alcroa alzad parctclaa aad to eaadaet aaffldaat baat to tha gaa. la tha H a l t ,
t -m , tha taaparatura abova aabtant af tba atx, AT. , aaraaaadlng a alngla aartlela Irradlatad by a laiar
la glvaa by tba apkarleally ayaaaccle (anettoa t,tmKli • «T"(a/rl. whara r la tha radUl dlataaea froa tha
c r a m af tha partlela. far f la l ta c , tha Sioctloa la coaplleiitad** bat can Ba approxlaatadu Car our pur-
aoaaa at t l a . 1 , t » t . b y AT- - AT-<a/r) wlthla tha l lalta a S r C i t t ? aad 4Tm - 0 for r > • t t ; l . a .
thagaatad air aooa appaara to hawa a boundary which axpanda dua to charaal dlffualoa aod haa a radlaa of

•Ct • l*ra K la tha tharaal dlffualvtty of air ( c - O.ltt ea'/aac). Xt eaa ba ahowo.13 that tha phaia
•Dtft af aa optical ray paealag thxough th-» rafractlag ashara la jlrao by

>" + (3)

wfcara X la tfca cloaaat radial approach dlataaca of tfca ray to tha partlela aad T la tfca aableat taaparatura.
Calag aauatloa (3 ) , It can W aaaa that i l | a aarttela with Qav. % l , axpoaed to a 100 W/caz Uaar Maid
far 1 Mac aroducai a At(I) aa tha order of 10** radUoa; aetoally, tba r-ict phaaa efcanga obaarvad la tha
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Fraaveaey depeadcaca of HUM datecttoa Cor trace gaaee

laterferoaeter reeatce treat a weighted Integration of eoaaetea (3) gnr tin epatlal profile of Che probe
Ie-«e U n . Thl« pbaaa ebaage Is wall stthla tha capability of the fceteralyne laterfenaater aai lspllee £hat
alafla particle eenalttlwlew to achievable for micros a lied and poeelbly eanllar pertlelea. Although very
m i l particles ( « i |a) aro aot ladlvUoally dUtlagnlababla, collactlona of choa are detectable, Seb-
idcraa antlclea seated by a COj I U K ara la tha Iaylat«h reglae (» « x > ead tba eoaatltyia Qaba
la sropertlsaal to tba aaaa of tfca parelele. Coseequeatly. tba FFLEB signal froa an esaeable of na i l per-
tlclee will ba pToioTCtoaal to chair total absorption ahlcfc la la torn, proportional to tbalr total aaia.
Za faaaral, dw feranllaa) aaacrlblaa an auaakla of laylolah abaorbara obsnrvad at t anci graater than T
will ba vary alallar ta that daaerlblns traea gaa dataetloa alaea tha aaarnr t r iu f ind to tba •orrouodlnt
taa vary Marly aanala tbn lithe aoargy abaorbaJ. la tkla eaaa, a Is aquation (U can ba raplacad by tha
(oaatlty • • *»C, vhara a^ la tha aaaelfle abaorptloa coafflelaat la ar/( an* G la tba partlmlata aaaa
coaetntratliia la fraat ai*̂ »

dataetloa eapabllltlaa la tha aubalcroa alza
la Flasra (1). tabalcrba aaroaol partlelaa, (anarally a aolydUaara
0 3 d l * dtl

:e range were explored aalag the spperacua el
•dlsssrs* log noraal13 alaa dlatrltntlon witl

houn
vlth( p , ( y y g

0.3wa taaaatrle aaaa ataaatar and a gaoaatrle aaaa acaoaar* davtatloa of 2, wara ganaratad froa <qu«oua
aaaoolga aalfata solatloa aalng a TST aodal 3076 eenataac output atoalxar11*. FTL f • /
1 oa;Ar d l ( d b

aalfata solatloa g p
mnrinrrartaaa of aulfata ara dlaylayad la Flgvraa
ld b d V b l b d b l f

g q
FTLO apactra for • ag/ar aad

a aad b rataacdvaly* Savaral lncaraitlng
h l h Ifeetsree ehaald be so ted. f i r s t , there la a broad absorption future which Increases with decreealsg vave-

asaber das ta a partleutata absorption bud centsrad at 1110 eel"1 end eeeoud there are.several abarp featarea
dae ta asssaaa abeorptloma. The gaaeouo faararaa are aora obTlsoa in Figure 6b wsare the sertlcalsta saaa
concentration hna bers reduced. Tha Use at »7t csj"1 la dae to water rapor17 abaorpttss (epproxlaately 301
haaldlty) aad the lias ae VMS ca"1 daa to RK) gas ( aanraxlaataly 500 ppb]l. Beta Chat the data was obtained
i s Ilia ea a coatlauosely flowing aeroaol aad that ataultaaaoua measurements of water vapor and aanosla gie
eoncentratios and eolfate aaaa loading are obtained. Thla soantltatlTe Jji slra capability absold be useful
for dlreet leborstory ssrosol chemistry atndlea. For exaapla, the buildup of aalfate upon sddltlsn of varlcua
aasaa (e.g. JOj ) sod catalyses to tba aaroaol acrua will yield needed data concerning the chemistry sf «ul-
fatea la tha ataoaphera. Aa latereatlag feature of the data shown la figure 6 la tba targe eoscastraclon of
•H3 gas* At ao tlaa la oar experiments was (83 gaa added. The obaarved spproxlaataly 900 p»b n . reaulta
froa eheateal eealllbrlam being eetabllsbej between toe QaV^SO^ water sartlclss and the aarroandlsn sir.
This ssiat la discussed la detail by Tang1* and tha level •? Mj observed hers la coaalateat with theory and
wleh ear eeeerred reUclve baaldlty ( 301 ) . He should alas asatloa that tha eeulllbrlua partial prassures of
alrrtc meld and •—rmfa la tha atsospberedue to mixed sale aaroaol aysteaa Is currently a problem of great
Interest. Sslng the rTLOB technleue described here, •eaamrsaasts ef tile equilibrium Taper sraissra sf HH3
can be extended to varloaa alxad aelt eysteaa for which there preeeotly la no available data.

Se seasnred a specific absorption caerrleleat for aulfata at I0B6 caT1 ef 0.5 m*/g asd were abls to
ifsccet talfate levels ae low ea 100 pg/W. Heasurementa af levels below thla valoe were not possible dae to
bacVeraua* water Taper absorption. Unfortunately, salfata/ water droplets exlae la tha ataoaphcrctyplcally In
the rants 1-100 yg/a3 ami aaaaaevestly aablent snlfata aoaltorlng la not posalble with this TTUM geoaetry.
Thla gaoaatry ahonld, however, be useful la applications each aa dlaeel exhaust aonltorlng ssd Is advanced
eombuaclas dlsgnoals where fewer aaterlal nandllag problar* ara anticipated with this gSDastry than with,
for exaaal*, pbotoaeeuetlc detectors.
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Figure S. Dependence of TTWB algnal on buffer p i
preaaure for constant abaorptloo.

COt L*SCR POWCN t M i l * I

Figure *. Laaar power dependence of TTIOR eignal

AlteroatlTe TTUX g:2aetrlea can ba anrlalonad to allow tha gaa algnal coapooent Co ba •attracted treat
tba aaroaol algnal. Va have explored ooa aocb gaonetry which rel lee OD tha dlaerata nature of tha part idae .
Thla gaeaerry diffara froa that ahoim la Figure 1 la three raapacta. Flrat , tha COj laser and tha hal l ia
oaoa probe beaa ••;• arranged la • SO degree eroaa beaa geoaetTy In tha horizontal plane. Second, tba COj
laaar baas la contluuoue In tlaja ( t . a . not chopped), third, tha aaroaol atraaa la Introduced vertical ly
through tha lntaraaetlon of tha m baaao. Tha beekavouad g»a t lfnal balnt conacant la tlaa 1> affaeel*aly
•abtractad hy tha aarro/rTIT ayataa which mlntalaa a. phaaa quadratora ralaclonahia betaacn proba and rafar-
anea baaaa. Aa alogla partlclaa paaa through tha eroaaad-baaaa, phaaa fluetnatlona ara phototharaallr la-
ducad, Tba laadlng adga of tha phaaa partnrbatlon la a raap fuoctlon which follova tha ralatloa:

a t
>/3 (n-1) a3 p r a I

hara p i s tha denaify of tha parclcla, « tba radlaa of caa hallaa aaoa baaa and tha othar paraaatara aa
dafloatrpravloualT. Although oar raaulta ara prallmlnary, «a oar* abta to obaarva i^rclclaa of 1 - 10 pa
alia and tha alopa of tha laadlac adga vaa found to agraa with aquattoa (4) to within onr azparlacntal arror
(factor of n o ) . Va found It? convenient to aenltor tha aiopa of an with raapaet to tlaa rathar than tha
aaxlaua •nlum of 6B alnca tha raaidanca Clan of tha partlclaa In tha lataractlon ration appaarad to ba a
coaplax function of tha «l»a. at thla t laa, wa ballam that tha raaldanea disa of tha partlclaa la largaly
detcralnad by photophoraala, tha largar partlclaa balng radloaatrleally cxpailad froa the baaa at high valo-
d t l a a . At praaant, aenaltlvlty la lialtad by aachanleal Tibratlona of tha lntarfaroaatar coaponaata and
by photophoraala. Tlbratlona can ba adnlalxad by at laaat two crdara of aagnl~oda with a aodlSiad Jaaln
lncerfaroaatar configuration aa daaonatratad la rafarence t and It now appaara that tha absorption of a*an
•lngla tubalcron partlclaa wi l l ba aaaaurad In fatura Ttraloni of thla apparatus.

Phototnermal Modulation nt Mle Scattargd

-isTlalbla H l a u acattartng ia a wall fcrava 'pitanoaanon fraqnaacly uaad to dataralna phyalcal proparclaa of
partlelaa. I t la acnaltiva, insist and conv«nl«nt~. This achcaa noraally ylalda alxa and Indax of rafrae-
tion Information. la thla aactloa, va daaerlba a phototharaal hybrid form of Hta acattarlng that allowa la
addition highly aeoaltlva partlcla abaorpdon apectroaenny to ba parforaad.

a achaaatlc of our axparlaeacal apparatui ia ahowo la Tlrura 7. Sabaleron aaroaol parclclaa vara ganar-
atad aa daacrlbad In tha mat aactloa. Tha resulting aaraaol waa iatroduead at conatant rata ( 0 u l 1/aln)
into a caatral Inlet of aa open asdad 20 ea long 4 aa IJ>. glaea capillary tab* which aarved aa tha eeavle

_ c a l l . Tacuua eonnactloaa wara aalntained naar tha tuba anda to balance tha flow into and out of tha cal l aod
ta bypea* tha opaa aada. Linearly polorlied red (633 aa) light aaitcad by a Tropel 100 bellua aaoa laaar
waa directed through tha aaapla and alaacleally acattarad off tha particles where the horizontally polarized
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coavouaflt M I dmtmetmd ac 20 d*gr**a vtcb raepac
photoanltlvllar. A gracing ennafcla 12Cl6O2 laaa
•aaplt, m uiad to aodlry eha Tlalbla HI* acatt

apace to tha formr* cranaaltead' t>can aatac •" uneoolad 1T28
aar baaa, auparlapoaad aoaeutly oa tha balina naoo baa* In th*

aeattarad l l tbc . Dapandlna. on axparlamcal coodittoM, aodiilatloD
aanlltadaa aa bt»b • • U 1 ( I H Flgar* S ) war* obaarrad. At thla taral, tha affaet « u aaally -rltlbla to
tha aya ac aab-Bin ebapplng zmtaa. Although cha aodulaeloB aaplttada <mt obaaniHl to ba llnaarly propor-
t l o u l to COj laaar lncanalcy ap to 230 u/eaz Io(2<) axetut laa , tha lnttnaicy of tha CO} Isaar vaa typically
adjuitad to kaap tha aodulatlon aaplltnda oa tha ordar of 1 Z. Io thaa* elrcnaacincaa, a lock-Is aapllftar
« i aaptoyad to aysehroaoaaly dataet tha tta* nrylng component of Cha acattarad light and cha algoal dla-
playad ualnc a chart racordar.

Th«r« ara aavaral aachanlaaa laadlng to a phoCoeharaal aodnlatloa of Tlalbla light •eattarlog: Jfl)
photophoraala1* of Cha partlclaa oat of tha tllualoatlnf prob* baaa, (2) aacroacopllc cbaraal laoalsg2 0 do* to
both gaa and partlcl* abaorptlca and aobaaqumt dlltorctoa of tha farflald HI* teat taring prof lU, (3) cfaanga
It Mia acattarlug croaa-aactlon ao* Co tha addition of a locallxad light rafraetlsu haatad gaa ahatl anr-
loondtng Cha partlel* and (4) phoCotfaaraally Induced phyalcal changai( a.g. alx'a, ahar*) In th* partlclaa.
Tor Tolatlla partlelaa, auch aa alxad aalc/uaccr droplata, tha dominant aaehaolia affactlsg icattarad light
•ppaara Co ba l i l t Inducad changaa ( araporatlon and condanaaelon) aa lllnacracad tn Flgura 9. Far othar
aaroaol apaclaa and axparlaantal condltlona aachanlaaa (1) through (3) can ba azpactad tn play a contributing
rol*.

Conaldar Cha xasnlta abovn In Flgar* 8. In thla caaa, aaasnlna aulfaca/vatcr partlclaa v«x* lnjaetad
Into Cha aaapla cal l and tha flow acoppad to produca a acattc aaroaol. Tha 40 X aodulatlon of cha acactarad
light at 0.25 Hi la dua to parelela baaclng and tubaa-
enanc partial araporatloo. Iota that during tha ' o f f
portion of tha COj laaar baatlng cycla, th* droplata

Flgnra 7. SchaaacU of phototh.ra.H7 aoduUtad
Ml* Scactarlng Apparacaa

Vlgura 8. Mia acatcarad vlitbla light froa » atatle
aaroaol n r n i claa, «han haacad by a IBt
300 V/ctf 1,(28) COJ laacr baaa
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Vet™
Figure ». Suamary of phocothereal modulation of (Ua actuar ia l from eubmleroa part i d e a : A chopped Infrared

aonrca lllnatBataa aod heata tha volat i le sarctcla eaualug lta equilibrium alsa Co fluctuate, ba-
tvaaa the cvo radii shown. Phocoa* from a ew vlaible laaar ara eUatlcal ly seactared off tha
partlela. The resultant Mia scaccerad at(Dal contain* a ylma varying component dapaodaac apoo
tba IB. abaorptloa eroea-aeetloo.'

recondenaa to their femur i l i i . Tba lonfar exponential decay ( T * 133 a ) of tha total light eeaccarlng
la lariat? due to photophoresla of tha particles oat of tha field of view o( tba pbotoaultlpllar. normally,
la tha abaaoea of CO, laaar heating, tha decay la approximately twlca aa long aod la daa to partlcla dlffaalon
and eetcllng. By maintaining a constant flow of aaroaol throuib tba c a l l , set t l ing, diffusion and pbotopbo-
raela affacta became negligible. Tba modulation amplitude waa lndapaodant of chopping frequency for rataa op
to 300 Bi, suggesting that evaporation and coodanaatlon raaeh equilibrium In tlaaa em tba ordar of ona a l l l l -
aacoad. When 'dry' crystalline aemonlum aulfata particles vara acadlad, tha aeattarad tight modulation daa to
alia Induced ehangea we* eliminated. A eoaewhat eaeller effect wea obaarrad In tba forward and backward acac-
tarad light lobaa and who«« eagnlcude, frequency raaponaa aod angular charactarlatlea appeared cooalatant with
a tbemal laoa affact dua to background m e n vapor abaorptlon ( •echanlem 2 abora). Maebanlam (3) la In gan-
aral a vaak effect at aablent preaaore and caaperatara and courid not be obaerved hera*

1 theory deacrlblng tha photothermal aodulatloa of acattared light fro. voUclla partlelaa wil l be
treated elaevfaere21. We outline here tha eaaeatlal pbyalca. Be aaeuae chat when expoaad to a eonatant light
field, the partlela haata vlchln alcroaeconda to an eeulllbrlna taaperature that la determined by an energy
balance between light abaorbad and heat loat through thena l conduction to the unrounding a i r . Theraafear,
tba particle aodlflea Ita alia by evaporation. Tbla approxlnatlon vaa Juatlflad by Bakar , who lnreatlgaced
tie effect of radiation on volatile partlclai by aolvlsg tba eoat>leta hydrodynaale aquatlona. The aiuUlbrluai
caaaatatura change, I T , of a apbarlcal particle above eablest air taaperatnra la given by Cnan1*; aT -
1 "aba • / * *» • Bare I . la tba lntanalty of the h u t Ing laaar, Q . In tha TX U the coma 1 tied laylalga
abaorptlon croaa-aacclon , a la the radlni of tha partlcla and k. cba cheraal conductivity of tba aablent air .
For a 0.3 u a dlaeatar droplet lll'<«lnated by ISO W/eaT of 9.2 «• radiation, »T In approxlaataly 0.7 °C.
At tba elevated tea^aratnra, water evaporataa froai the partlela until an equilibriums water: aalt ratio la eata-
bllabad and the water vapor preaaure above the partlcla aurfaea Juat equala that of the aurroundlng a i r . Tang
ealng tbarmodynamlc argument*18 baa derived as expruealon relating the efutltbrllim radlua of a aolntlon droplet
viootalnlng non-volatile aultlcompoaent eleetrolTtea to tha temperature T, tha relative humidity and to varloue
relation parameter*. 7or partldaa larger than 0.05 urn , chla expreaalon radueaa to tba wall known Xagult'a
law. tf tbe teaperetnre change la amall. the approximation Ae/a - • (1-3O' 1 -I aT/T) appeara Juetltled2 1 .
•ere, X la tha mole fraction of water In the droplac aod T la tha temperature In degree Centigrade. Thoa,
haaelng a particle by 1 °C would typically raault In a radlua change of 81 and a Hie ecatterlng. croaa-aeetlon
reductloo In the vlalble of abouc 24 X. ID general, however, et ie dependent raaonaneea In tha Mle acatterlng
proceaa complicates Interpretation of the modulation amplitude. Ibe ebaoluta magnitude of tha photothermal
modulation amplitude of the acattared light wil l be a acrong function of tbe exact aaroaol alxe distribution
encountered, partlclea In tba alxe range 0.1 to t ua tending to contribute more to the acacterlng proceae.
Bowever, eo Important point la that an exact expreaalon for tha modulation ampltcude la aaparabla Into multi-
plicative faetere t one of which depvnda aole?y on wavelength, tbe abaorptloa. Tbla factorablllty raaulta from
tbe nt abaorptlon eroaa-aaedon par unit maaa being Independent of the partlcla atxa ( Baylelgh regime ) . Con-
aeeuantly, a plot of tha modulation aoplltude vereue laaer wavelength for a polydleperae aeroaol will yield a
tree relative abaon>tlpn apgetrutp of the partlcnlata matter, tbue, thla technique la appropriate for aprll-
catlona requiring determination of tha relative compoaltlon of particle*; for example, the ratio of (!•)*)+
loaa: (SO4)" {one: «20 molacula*. 7or a polydlaperaa aeroaol of dlverae chemical aped** of varying «i«et ,
the ebaarptlon apeetruaj wil l rapreaent a weighted average favoring the more efficient acattarar*. Fortunately,
thla alia range, 0.1 to 2 urn • coincides with the chemical product accumulation range In etmoaphcrlc aaroeole
and la of considerable lntereat.

Figure 10 •hove cba t29 to 10B0 em* abaorptlon apeetrum of aumonlum aulfate partlclea ualng cbla method.
Thla data agree well with additional data obtained a a Ing mad apectroacopy (eea Ttrure t >. The good agree-
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figure 10. Plot of tee time varying component of Kla scattered l ight versus C02 laser frequency for a flow-
ing aamonlnm sul fata aaroaol* Tha data yields an accurate represencaclon of the partlculaca
Infrarad abaorptlon apectrum over tha frequency range shewn.

mane demonstrates that Che phototheranl scat ter ing technique ylelda a val id parclcla re lat ive abaorptlon *
spectrum. Previous Infrarad apeccra o f ammonium aulfata cryatala preaaed into KBr p e l l e t s 2 3 ahov a atrong
SO," Ion band ae 1110 em*1, aa In figure 1 0 , and a week band at 980 cm*1. Aaaumlsg the existence of thaae
bends in tha aerosol apeeerum, a calculated f l c Co the data vaa obtained; aee aolld l ine In figure 10.
The calculated carve devlatea somewhat from tha observed data near 940 em*1. From group thaory coostdera-
t i o n - , tba 980 cm*1 v -v lbrat lona l mode of SO." la not expected to be infrarad act ive la liquid dropleta.
Therefore, wa Interpret "the apactmm abovn In flgura 10 aa due to an 1110 cm v . M0^M absorption (speci f ic
abaorptloa of 0 .5 m*/g ae the Kq(~8) CO2 laaer l i n e ) superimposed on a constant Background partlculac 1
absorptloa due to water. Assuming tba absorption at 920 cm'1 to be due t o t a l l y to pertlculate water, ve
eaelmata that the molar ra t io of vacer Co s u l f a t a in oar droplets to ba approximately 2 : 1 . Theae valuea
are coo-latent with that expected from ve t dropleta part ial ly dried in a 50 to 60 X humidity environment and
l l lns tracas the capabil i ty of t h i s approach. Bad ve a l so employed a helium neon 3.39 ua laser for -arosol
heating, tba fraction of (HH^)+ lona could a lao have been determined.

Conclusions

Two promlalng pbocothermal aeroaol detect ion achemea have been described which appear to have algniflcanc
advantagea over cxiating techniques for absorptloa measurements. Both PFICXI apeetroacopy and pbotothermally
modnlacad Mia acactarlng can, depending on Che geometry end aeroaol eyecesi ehoaeo for etudy, yield part ic le
spec i f i c sbsorptlon data with exceptional aeaa lc lv l ty ; i . e . s ingle part fe le .
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