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The gas phase reaction of bornyl acetate (1,7,7-trimethyl-bicyclo[2,2,1]-heptan-
2-ol-acetate), VOC emitted by Mediterranean trees (orange and mandarin trees),
with hydroxyl radicals has been studied in a smog chamber. It was found that
the reaction of bornyl acetate with OH radicals leads to organic aerosols. The
chemical composition of the aerosol was studied. On the basis of mass spectral
data, 1,7,7-trimethyl-6-acetyloxy-bicyclo[2.2.1]-heptan-2,3-dione has been
identified in irradiated CH;ONO-NO-air-bornyl acetate mixtures. The aerosol
carbon yield, the fraction of the carbon initially present that is converted to
aerosol, has been estimated to be ~ 5 %.

Introduction

Terrestrial vegetation releases a variety of reactive organic compounds into the
atmosphere, including isoprene, monoterpenes, sesquiterpenes, alcohols, esters,
ethers, ketones, aldehydes, alkanes, alkenes and aromatics (Isidorov ef al., 1985;
Lamb ef al., 1985; Winer ef al., 1992; Guenther et al., 1995; Kesselmeier et al.,
1996). The total annual global emission of biogenic hydrocarbons has been
estimated to be between 825 and 1150 Tg C.yr' (Feshenfeld et al., 1992;
Guenther et al., 1995).

Understanding the degradation pathways of biogenic hydrocarbons represents an
important current problem in atmospheric chemistry. For example, there is
substantial evidence that biogenic hydrocarbons influence the regional
distribution of ozone (MacKeen et al., 1991a; 1991b; Chameides et al., 1992;
Simpson 1995; Trainer et al., 1995; Vogel et al., 1995). Moreover, one of the
major uncertainties of the impact of biogenic hydrocarbons on atmospheric
processes is the quantitative understanding of their ability to form organic
aecrosols (Went 1960; Kamens et al., 1981, Hooker and Westberg, 1985;
Hatakeyama et al., 1989, 1991; Pallen et al., 1991; Pandis et al., 1992; Zang et
al., 1992).
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The principal goal of this study, is to characterise the organic aerosols formed
from the gas-phase reaction of bornyl acetate with OH radicals, and to evaluate
the aerosol forming potential of this biogenic compound. Bornyl acetate was
observed from emissions of a number of agricultural crops and natural
vegetation. The major tropospheric loss process of this compound is expected to
be the reaction with hydroxyl radical (Coeur ef al., in press).

Experimental description

The experiments were performed in a ~ 2000 L evacuable wall coated Teflon
smog chamber at atmospheric pressure, 294 + 2 K and moderate relative
humidity (5-10 %). Hydroxyl radicals were generated by the photolysis of
methyl nitrite in air and NO was added to the reactant mixture to avoid the
formation of O and hence of NO; radicals (Atkinson et al., 1981).

Aerosol formation was monitored continuously during the experiments with an
optical particle counter (OPC model MPC 301X - Malverne). The OPC operated
in concentration mode. This mode gives a quick calculation of the particle
concentration within a defined volume of air. In selected experiments, bulk
aerosol samples were collected on glass fiber filters, dissolved into ethanol and
subsequently analysed by gas chromatography - mass spectrometry.

Aerosol yields

The aerosol yield from photo-oxidation of hydrocarbon can be expressed in
several ways. The aerosol volume concentration, ¥y, (expressed in pm’ cm™),
can be used directly to calculate the aerosol volume yield per unit concentration

of primary hydrocarbon, Yy, (expressed in pm® cm™ ppm™), as follows :
Y=V / ([HClo ~ [HC]) 0

where [HC], is the initial concentration of hydrocarbon, and [HC], is the
hydrocarbon concentration at reaction time ¢, expressed in ppm.

The fraction of a particular hydrocarbon that is converted to acrosol can also be
expressed on a mass or carbon concentration basis. Izumi ef al. (1988) measured
the aerosol generated from photo-oxidation of various hydrocarbons, and
correlated the mass concentration of aerosol organic carbon, [AOC] (expressed
in pg C cm™), to aerosol volume concentration, V(#) (expressed in pm cm™),
as:

[AOCp] =Cx VY )

where [AOC] is the mass concentration of acrosol organic carbon (expressed
in pg C cm™), and C represents the aerosol carbon density which was found to
be largely independent of the particular hydrocarbon (C = 0.49+0.02 pg C m™).
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The dimensionless aerosol organic yield, Y., the fraction of the carbon initially
present that is converted to aerosol can then be obtained from equations (1) and
(2)as:

Y. =[AOCy] / {/. x ([HC]o - [HC]w)} 3)

where £, is a constant to convert hydrocarbon concentration in ppm, into carbon
mass concentration, in pg C cm”. For bornyl acetate at 1 atm and 298 K,
/. =5890 (pg C cm>.ppm™, or pg C m™> ppm™').

A typical evolution of the number aerosol concentration is depicted in Fig. 1.
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Fig. 1:  Number concentration of aerosol versus the irradiation time.

The yield is initially zero, as condensable material is produced and accumulates
in the gas phase. After 20 min of reaction, the concentration of condensable
material reaches a critical supersaturation and nucleation begins. The yield
reaches a maximum value and starts declining after 3 hours due to wall losses.
The aerosol carbon yield for that experiment remains under 5% and is reached
after 0.17 ppmv of bornyl acetate has reacted.

Aerosol characterisation

The GC-MS analysis of an aerosol generated from the gas-phase reaction of OH
radical with bornyl acetate shows the presence of a variety of products, the
majority of which could not be clearly identified. However, 1,7,7-trimethyl-6-
acetyloxy-bicyclo[2.2.1]-heptan-2,3-dione has been identified as bornyl acetate
aerosol. For the justification of its formation, a reaction scheme is proposed in
Fig. 2.
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Fig. 2:
bicyclo[2.2.1]-heptan-2,3-dione.

Reaction scheme explaining the formation of 1,7,7-trimethyl-6-acetyloxy-
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Conclusions

Aerosol formation has been studied in the bornyl acetate/CH3;0ONO/NO/air
systems in a smog chamber. The aerosol carbon yield remained under 5 % for
initial concentration of bornyl acetate as high as 200 ppb. The measured bornyl
acetate aerosol yield can be explained by the formation of condensable species
with relatively low vapour pressure. 1,7,7-trimethyl-6-acetyloxy-bicyclo[2.2.1]-
heptan-2,3-dione has been identified as bornyl acetate aerosol.

References

Atkinson R., Carter W.P.L., Winer A.M. and Pitts JN. Jr.; J. Air Pollut. Control Assoc.
31 (1981) 1090-1092.

Chameides W L., Feshenfeld F., Rodgers M.O., Cardelino C., Martinez J., Parrish D. and
Lonneman R.F.; J. Geophys. Res. 97 (1992) 6037-6055.

Coeur C., Jacob V., Foster P. and Baussand P.; Int. J. Chem. Kin. in press.

Fehsenfeld F., Calvert J., Fall R., Goldan P., Guenther A.B., Hewitt CN., Lamb B., Liu
S., Trainer M., Westberg H. and Zimmerman P.; Global Biogeochem. Cycles 6 (1992)
389-430.

Guenther A., Hewitt C. N, Erickson D., Fall R., Geron C., Graedel T., Harley P. and
Klinger L.; J. Geophys. Res. 100 (1995) 8873-8892.

Hatakeyama S., Izumi K., Fukuyama T. and Akimoto H., J. Geophys. Res. 94 (1989)
13013-13024.

Hatakeyama S., Izumi K., Fukuyama T., Akimoto H. and Washida N.; J. Geophys. Res.
96 (1991) 947-958.

Hooker C.L. and Westberg H.H.; J. Atmos. Chem. 2 (1985) 307-320.

[zumi K., Murano K., Mizuochi M. and Fukuyama T., Envir. Sci. Technol. 22 (1988)
1207-1214.

Isidorov V.A., Zenkevich G.I. and loffe B.V.; Atmos. Environ. 19 (1985) 1-8.

Kamens R M., Jeffries HE., Gery M.W., Wiener RW., Sexton K.G. and Howe G.B.;
Atmos. Environ. 15 (1981) 969-981.

Kesselmeier J., Schifer L., Ciccioli P., Brancaleoni E., Ceccinato A., Frattoni M., Foster
P., Jacob V., Denis I, Fugit J. L., Dutaur L. and Torres L.; Atmos. Environ. 30 (1996)
1841-1850.

Lamb B., Westberg H. and Allwine G.; J. Geophys. Res. 90 (1985) 2380-2390.

Lerdau M., McKay W.A., Pierce T., Scholes B., Steinbrecher R., Tallamaraju R., Taylor
J. and Zimmerman P.; J. Geophys. Res. 100 (1995) 8873-8892.

MacKeen S.A., Hsie E.Y., Trainer M., Tallamraju R. and Liu S.C.; J. Geophys. Res. 96
(1991a) 10809-10845.

MacKeen S.A., Hsie E.Y. and Liu S.C.; J. Geophys. Res. 96 (1991b) 15377-15394.

Pallen E.J., Allen D.T., Pandis S.N., Paulson S.E., Seinfeld J.H. and Flagan R.C.; Atmos.
Environ. 26 (1992) 1239-1251.

Pandis S.N., Paulson S.E., Seinfeld JH. and Flagan R.C.; Atmos. Environ. 25 (1991)
997-1008.

Simpson D.; J. Geophys. Res. 100 (1995) 22891-22906.



E@; Transactions on Ecology and the Environment vol 28, © 1999 WIT Press, www.witpress.com, ISSN 1743-3541

Organic Aerosol Formation 617

Trainer M., Pammish D.D., Buhr M.P., Norton R.B., Feshenfeld F.C., Anlauf K. .,
Bottenheim JW., Tang Y.Z., Wiebe HA., Roberts JM., Tanner RL., Newman L,
Bowersox V.C., Meagher J.F., Olszyna K.J., Rodgers M.O., Wang T., Berresheim H.,
Demerjian K.L. and Roychowdhury U.K.; J. Geophys. Res. 98 (1993) 2917-2925.

Vogel B, Fiedler F. and Vogel H.; J. Geophys. Res. 100 (1995) 22907-22928.

Went F. W.; Nature 4738 (1960) 641-643.

Winer A., Arey J., Atkinson R., Aschman S.M., Long W.D., Morrison C.L. and Olszyk
C. L., Atmos. Environ. 26 (1992) 2647-2659.

Zhang S.H., Shaw M., Seinfeld J.H. and Flagan R.C.; J. Geophys. Res. 97 (1992) 20717~
20729.



