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INTRODUCTlON - 
1 .  

The objective ofthis pi.ogrh was to dctcrrriinc tha mechanisms and rates of growth and 
transformation and growth processes that control sccondary acrosol particlcs in both thc clc 
and polluted troposphere. 'Chis,lsboratory program continued the owgoing collaboration of thg 
Aerodyne Rcscarch, Inc. (ART) and the group of Prof. P u l  Duvidovits in the Depyrtment of 
Chcmistry at Boston College (BC). The experimental plan coupled the ARl acrosol mass 
spectrometer (AMS) with the BC chcrnical ionization mass spectrometer (CrruZS) to provide 
simultaneous mcasurcment of condensed and particle phases. The first task investigated thc' 
kinctics of tropospheric particle growth and transformation by rncasuring vapor accretion t 
particles (uptake coefficients, including Illass accornmodution cwfficien ts and heterogeneous. 
reaction rate coefficients). Other work initiatcd invcstigation of acrosol nuclcatian proccsscs by 
monitoring thc appearance.of sub-micron particles with the AMS as a function of prccursor gas 
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. concentrations. 
The aerosol growth cxpcrimcnts wcrc pcrronncd by preparing flows of aerosols with 

known size distiibutians and compositions and monitoring thcir growlh rates and composition 
changes with aerosol mass spcctromctry as levels and combinations of condensuhle ilnd reactive 
gascs wcre manipulated. The expeiimentul uppnrutuses is schemuticully shown in Figurc I .  By 
quantitatively mixing aerosols of known size (sclectcd with a diffcrcntial mobility anillym, 
DMA) with gases st known conccntration for variable times (varying between .J rrhion or a 
second and minutes), aerosol growth and reaction ratcs can bc dctcrmincd and cxprcsses as 
uptuke coefticients which than can bc applied to atmospheric aerosol models. 

system, which separates particle vaporization and subscqucnt vapor ionization in a yuadrupolc 
mass speclrometer. The purticles we flush vaporizcd in a heated oven (300-100OC), the resulling 
vapor plumc injcctcd into an clcctron impact ionizer, and the positive ions then analyzed in a 
quadrupole mass filter. The advanttlge is that the theimally produccd vapors arc lincarly 
detected with the qundrupole m a s  spectrometer. Kcy to this is the tlash vaporization process. 
which depends critically on oven design, which has continued to evolve during the pus1 year. 
Understanding and quantifying thc vaporization process is essenti,ul to ubsolutely determine the 
amount of deliquescd water and organic vapor in the sub-micron aerosol particles. This applies 
both to laboratory and field aerosol measurements und in fact the DOE sponsored laboratory 
program has taken advantage of ynrallel devclopmeiit of aic AMS fur arnbicnt acmsol sampling. 

This experimental approach of this program centcrcd on thc AMs partick dcrcction , 
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DISCLAIMER 

This report was prepared an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any agency 
thereof, nor any of their employe#, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy. completeness, or use- 
fulness of any information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. Reference herein to any spe- 
cific commercial product, process, or =Nice by trade name, trademark, manufac- 
turer, or otherwise does not necessarily constitute or imply its endorsement, rtcom- 
mendation. or favoring by the United States Government or any agency thereof. 
The views and opinions of authors expmsed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof. 
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Three projects -were invesligaled during the program: (1) Ozonlysis of oleic acid uerosols as 
model of chemical reuctivjty or secondary organic aerosol; (2) Activation of soot particles by 
measurement deliqucsccncc in the presence of sulfuric ucid (H,SO,) and water vapor; (3) 
Controlled nucleation and growth of H,SO, acrosols. 'The first and last established addilional 
collaborations with the groups of Prof. Glen Cas of Caliech (now at Gcorgia Tech) and Prof. 
Greg McRae at MIT, rcspcctivcly. Thc Cass group has much experience in the analysis of urban 
aerosols, particularly using oleic ,acid as chemical marker. The McRac group has developed a 
numerical modcl accounting for nucleation, cosgulation tinri growth or aerosols which we haw 
applied to our experiment. 

Thesc projccts are continuing. Future work will add uptake uf NH, vapor to thc 
H,SOJH,O uerosol system Organic experiments will be extendcd to include combintitions nf 
aliphatic, aromatic and oxygenated hydrocarbons and mixtures thereof with inorganics. Thcsc 
AMs experiments have the poten\jal LO uniquely resolve thc kinctics of aerosol microphysics 
under controlled laboratory, flow tube conditions. Moreover, in the futurc, as our A M s  is 
deployed for field mcasurcmcnts wc hopc to relate the labor 
characterize ambient a&osols and to understrlnd transformat 
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Fig. 1 Schematic of atmosphcric acrosol flow rcactor coupled to the aerosol mass spectxometer (AMs). 
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1. Ozonolysis of Submicron Oleiq Acid Particles 

The first detailed experimental study utilizing the aerosol flow reuctor ( Fig. I )  has hocri 
thc oxonolysis of oleic acid. Oleic acid has been identificd as a chemical marker of meat smokc 
particles for tracking urban acroso'l cmissions. However, its utility us il marker depends on i t s  

atmospheric lifetime. Oleic acid is a C18 carboxylic acid with un alkene bond a1 C9 that is 
susceptible to attack by 0,. The primary product for such ozonolysis in the condensed phase i s  
expected involve ozone inscrtion to form an epoxide or ozonide which is thcn likely LO degrade 
into C9 mixed acid., aldehydcs or esters. Indeed we have observed olcic acid reaction and 
appew;mce of possible products. Wc prcsent these preliminary results to illustratc the giis to 
particle trunsfomation kinetics mea~urablc with the aerosol flow reactor. 

dissolved in methanol. The methdnol cvaporates as the aerosols are swepl through a diffusion 
dryer, leaving thc oleic acid aerosols which are size selccctcd with a DMA. Sized partic1 
flow into the movcablcinjector."The distunce between inject& and thc AMs sampling in 
the carrier gas flow rite) determincs thc interaction time for the ozone and olcic acid. Low 

' 

Reynold's numbers (-40) provide laminar flow conditions in the reaction zone. The gcomc 
and flow rates within the flowiube have been optimizcd so that particles which are~amplcd 
the AMS have well defined drift &loci ties, .minimizing particlc acceleration near the inj 
and sampling inlct. This in turn allows uccuriite calculation of the interactiuri lime. 

various interaction timcs with ozone. These spectra were recordcd by blocking and unblo 
the particle beam and subtracling the ';OFF' from the "ON" signals. For the pun: alcic xi 
spcctrum (no added ozone) the m/z I = 282 is labclcd, indicating the parent peak of oleic ac 
Upon addition of 0 3 ,  dl m/z yeuks ubove 160 timu are dcplctcd. The behavior. of sinidler 

Sub micron olcic acid aerosols are generated by atomizing a solution of oleic acid 

Figure 2 shows scans of the mass spech-a up to mass 300 for oleic acid particles ahcr 

mitsscs (m/z = IS4 in 
particular) diffcrs, indicating 
the presence of reaction 
products. The observed 
spcctm could be explained 
by production of C9 products 
from the C18 oleic acid 
reactant, though 
tiagmcntation in either the 
particle vaporization or 
i m i x  ati an dc1ccti on 
processcs may prccludz 
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Figuie 2 Representative mass spcctm ur olcic purticles after 
cxposurc to 0, gas ut - 10" niolecule em". 
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Figure 3 displays the size depndent dah acquisition mode. The mass spectrometer Wils 

sct to m/z=263 (scc tiagment in Fig. 9) and particle diameter measured via TOF with the 
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Fig. 3. Size dependent reactive depletion ofoleic acid particles 
(monitored at m/z = 263 amu) exposure to 03 gas at -1.Q” mol cm”. 

mechanical chopper in placc. 
The three peaks in thc 
spcctrurn arc duc IO rnulriplc 
charging effects in the DMA 
corresponding to - 180, 300 
and 400 nm purticles (different 
size particlcs wirh I ,  2 arid 3 
chargcs all h a w  thc samc 
mobility us selected by the 
DMA). From this plot i t  IS 
clcar that thc olcic acid 
reaction rate is size dependent 
with’ smaller particies rextink 
faster. 

Figure 4 plots the tiaction of oleic acid , 

remaining ils u function of time for the three sizes 
seen above. (The fraction remaining is simply- 
cslculsred from thc ralio of thc n1/i=263 signal with 
and without added ozone for edch hf the peaks in the 
size distribution in Fig. 10). The size dependent 

f curves fit to the data are from Case 3a abovc, fit for 

Calculations with the f i t  parurneters show a 200nm 
particle composed purely of oleic acid will have a 
lifetime of about 20 minutes in a pollutcd atmosphcrc 
with 100 ppb ozone. 

Such u short lifetime is likely an overestimate 
of thc atmosphcric rcactivity of’aerosol olcic acid, if 

u product H(Dk2)”‘ = 0.04 MIn cm s-’ ami-‘. 
I d :I A ,180nm - ’. I 300 n m  

0 420nin 
0 ’* 

I, 

I 
! 

I 1 a only because pure oleic acid is not representative of 3 4 5 

actual panicles. Tn fact, experiments on particles 
with stearic acid impurity indic te that the observed 
rate is measurably slower. 

Ozone Exposure (lo4 atm‘s) 

4, i Fig. 4 Olzic acid decuys (see Fig. 3) 
!’ 

‘These results are currently being written in  a manuscript that will include detailed kinetic 
modeling of ozone/oleic acid reactivity. Extcnsivc mcasurcmcnts, over a widc rslngc of particlc 
size and ozone concentration, indict!te that ozonc rcactivity has a complcx sizc dcpcndcncc; in 
particular, at luge sizes (2600nm) reaction slows somewhat, duc to diffusion limited transport of 
oleic acid from within the particlc.”Ovcrall, thcsc rcsults inhicatc that atmosphcric oloic acid 
lifetimes will depend on gas and condcnscd phasc conccntrations and ncrosol morphology. 
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2. Acid and Water Condensation'pn Soot 
7 .  

AMs experiments havc asured kinetic parameters relating [o-soot particle x t i  vatioii 
by HzSOd-HzO vapors. This involved the developmcnt and charactctization of a Jlumc sourcc or 
rresh soot particles that generate nwnbcr dcnsity distributions that peak in the size range of SO to 
200 nm diameter depending on he fueVair ratio. The apparatus is schemuticully shown in Fig. 5. 
Frcsh soot particles generated from a propane flame were injected into an ucrosol flow rcactor. 
The particles could be exposed tolsulfuric acid vapor andor watcr vapor for a controlled 
interaction time in the flow reactor. The aerosol was thcn analyzed at the exit of ihe flow reactor 
by the AMs to determine thc amount of acid and water taken up by the soot. The acid vapor 
concentration was sct by controlling the ternpenture of a liquid acid reservoir located insidc thc 
flow reactor and water vapor was added from u bubbler source. 

Oxidant 

- .  N I I N ~ ~ I  P 

! Fuel (propnut 1 - * 
Oxygen -*- %:SO~;  Soui-ce or ALoini/er Spree 

1 

Fig. 5 Schcmatic of atmospheric aerosol flow reactor coupled IO (L flumc sourcc of  soot paiticlcs. 
I 
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In this scrics of rneasnrements the mass of suII'uric ucid and water vapor taken up by thc 
soot particles was dcterrrrinod from the quadrupole mass speclrometer ion signals following 
pilrticlc flash vaporization and clcctron impact ionization of the vaporized species. Fig. 6 plots 
thc sulfuric acid mass as a function o f  the acid vapor concentration under conditions whcrc thc 
soot particle loading in the xactor'was held constant. As is_ observed the mass of sulfuric acid 
vapor taken up by the soot vanes linearly with the ucid vapor concentration cxposcd to thc so01 
particles. 
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Aerosol sizc is also mcasurqd by the AMS via a lim2e-of-flight (TOF) measurement 
shown in Fig 7. For this case thc soot aerosol loading in the flow rcactor was again kept 
constant, the H2SOd and H2O vapor levels wcre varied and Ihe quadrupole was tuned io m/z = 18 
(H20) to monitor changes in particle hydration. At low HzS04 vapor no water signal is  obscrvcd 
(solid line Fig 7) in the purticlc TOP spectrum, even whcn the relativc humidity (RH) is 
increascd to 50%. Water in the particle is observed when the acid source temperature is 
increased to 137 C (doiicd line) and increases further us water vapor is added to the flow in 
addition to the acid vapor (dashed linc). These rcsulis illustrate that only upon activating the 
soot with sulfuric acid, is water vapor readily taken up and that fresh untreated soot alone i s  
ineffective in &king up water vapor. 
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The key question i s  what processes arc controlling the fc2rination ol' the aerosols in Fig. 8, 
namely what combinution of aerosol nuclcation, coagulation and growth cun explain the 
obscrvations. The experimcntal results have inspired a c~llaborution with Prof. Greg McKac ol' 
the Dcpartment of Chemical Engineering at MIT. 'Thc MIT group has much expcrience in 
numcrical modeling of such acmsol micropliysical processes. Thc results of such modeling 
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Fig. 8 Nucleation and P candensation growth of HzSOd aerosols 

applied. to our experimcntd conditions are plotted in Fig. 9 as aerosol number density 
distributions. Noting that diameter scales of such number density distributions are effectiv 
multiplied by a factor of two wheRcnnverting LO mass weightcd scales such us in Fig. 8, the 
agrcemeiit between the experimental and model distributions is excellent. 
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