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Abstract

The problem of excessive ion fragmentation observed in the mass spectra of organic aerosols is addressed by varying the photon energy
used to ionize the vaporized particles. Oleic acid aerosols are vaporized by either an ld&&@r by impaction on a heater and ionized by
pulsed laser radiation produced by either third harmonic generation in Xe (118 nm; 10.48 eV) or by resonance difference frequency mixing
in Kr (142 nm; 8.75 eV). The use of the lower energy laser light greatly reduced the fragmentation of the oleic acid ions. However, spectra of
oleic acid particles taken at several different&ser powers showed that the internal energy of molecules in the vapor plume vary in time so
that the appearance of the mass spectrum is a function of the delay time betweand>JV laser pulses. Hot molecules produced in the
early stages of vaporization generated large amounts of fragment ions, whereas the mass spectra of colder molecules consisted predominantl
of parent ions. Vaporization with the heater on the other hand, shows a more uniform heating of the particle, with very little ion fragmentation.
The ionization energy (84 0.1 eV) and the fragment ion appearance energyX®Q eV) of oleic acid were determined by photoelectron
photoion coincidence spectrometry.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction molecules, the identification is clearly impeded by extensive
fragmentation, which results in a broad range of ion peaks
Mass spectrometric analysis of aerosol particle con- whose identity is then difficult to establish.
stituents has become an essential tool not only for laboratory ~ Current aerosol mass spectrometers use either continuous
studies of model aerosdis-8] but also in field studies, where  or pulsed ionization schemes. The former generally employs
rapid detection and identification of aerosols is highly desir- electron impacf18,19], or chemical ionisatiof20,21] The
able[9-16]. Atmospheric aerosols contain a wide range of pulsed ionization approach depends on lasers that are fired
substances including inorganic salts, metals, dust, soot, andvhenever a particle appears in the ionization region. This has
organic speciefl7]. The ideal analysis tool should be able the advantage that the laser photons are efficiently used when
to identify each molecule, and provide a quantitative mea- an aerosol particle is in the ionization region. The pulsed laser
sure of its concentration. Unfortunately, current instruments approach is ideal for large particles (0.3s% in diameter)
are far from achieving this goal. This paper deals with the because their arrival at the ionization region can be deter-
analysis of organic species in aerosol particles. The difficult mined by light scattering from continuous las¢422,23]
issue in their analysis is the ease with which they fragment The continuous ionization scheme is clearly advantageous
upon ionization. If a particle contains a large range of organic for the detection of a large number of small particles whose
arrival time cannot be detected by laser light scattering, and
* Corresponding author. Tel.: +1 919 962 1580; fax: +1 919 843 6041, WhoSe arrival at the ionization region is in any case quasi-
E-mail addressbaer@unc.edu (T. Baer). continuous.
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Fragmentation of ions is a result of internal energy im-
parted to the ion during the vaporization or ionization pro-
cess. lonization by a pulsed UV laser, in which ionization
is achieved by multiphoton excitation, results in particularly
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(PERCI) to reduce fragmentatigf8,29] A similar reduc-
tionis possible with chemical ionisati¢®0,21] In this paper,
we address this issue by generating light at 8.75 eV, which
is nearly 2 eV lower than the previously used 10.48 eV. The

high ion internal energies because, once formed, the ion con-nature of the vaporization method of oleic acid particles is
tinues to absorb photons during the 5-10ns photon pulse.also explored to better understand how different vaporization
It is not unusual to detect mostly*Gons and the observa-  conditions affect the oleic acid mass spectrum.

tion of parent ion peaks is raf8]. For this reason, a single
laser ablation/ionization scheme does not work for organic
species. In response to that, Worsnop and co-worke&k
have developed a two stage vaporization/ionization scheme
in which the particles are directed at a heater located in the  The current experimental set-up can be seefim 1
ionization region, where the vaporized molecules are ionized The oleic acid particles in this study were generated by at-
by electron impact. This provides excellent sensitivity and omizing a 1:10 oleic acid:isopropanol mixture with a glass
reduced fragmentation in comparison to the UV laser abla- nebulizer (Meinhard). The particles were then sent into an
tion/ionization scheme. However, ion fragmentation by elec- aerodynamic lens as described by Liu et[a0d,31], where

tron impact of organic mixtures remains a difficult problem. they were focused and accelerated by gas expansion into the
Reducing the electron energy from 70 eV to lower energies vacuum. The particle velocity, and thus their size, was de-
would reduce fragmentation, but would also reduce the ion- termined by detecting scattered light as they passed through

2. Experimental approach

ization efficiency.

Our approach to reducing ion fragmentation has been to
use pulsed vacuum UV laser radiat{dh, which has now also
beenimplemented by Oektem eja#]. The aerosol particles
are vaporized either by the absorption of infrared radiation
from a pulsed C@laser, or by impinging on a heater. Once

two green, continuous laser beams. The scattered light sig-
nals were sent into a timing circuit, which triggered thesCO
laser to fire as the particle reached the TOF extraction region.
After a variable delay between 2 and 26, the vapor plume
was ionized via VUV irradiation( = 142 nm).

The VUV radiation was generated by resonance differ-

vaporized, the molecules are ionized by 118 nm (10.48 eV) ence frequency mixing (RDFM) as shownfiy. 2 [32] The
radiation generated by the frequency tripling of a 355nm 355 nm output from a Nd:YAG laser (Continuum) pumped
Nd:YAG laser pulse in a Xe/Ar mixture. This approach has a dye laser (Continuum) with an Exalite 428 dye to pro-
dramatically reduced ion fragmentation because the 10.48 eVduce 425 nm light. This light was doubled with a BBO crys-
photon is close to the ionization energy of many molecules tal in an Inrad Autotracker lll, yielding. =212.5nm light.
such as benzene, nitrobenzene, aniline, etc. However, we havefhe A =425nm (2mJ) and 212.5nm (10mJ) pulses were
found that as larger molecules with lower ionization energies steered through a series of prisms, and directed into a Kr cell
are investigated, the 10.48 eV photon energy is too high and(Py, = 10 Torr) where RDFM produces the desired 142 nm
thus resultsin considerable ion fragmentation. This was a par-(8.75 eV) light. The exit of the mixing cell was terminated
ticular problem with the analysis of reaction products from by a LiF lens with a focal length of 20 cm, which causes
the reaction between ozone and oleic acid aerosol particlesthe 142 nm light to slightly converge, leaves the 212 nm
[25]. The mass spectra of the reacted oleic acid particles va-light nearly parallel, and the 425 nm light slightly divergent.
porized by the C@laser and ionized by the 10.48eV VUV  This arrangement minimized the absorption of the 212.5 and
photons were characterized by a broad range of lower mass
peaks that prevented identification of reaction prod[&%%
Thus, a softer ionization approach would be highly desirable.
As stated before, ion fragmentation is a result of high in-

ternal energy, which is caused both by heating of the neutral HOE Gk
molecules with, for instance the G@aser or the heating el- Aerodynamic %7 .

ement, and by the VUV laser. Unfortunately, heating of the s Qé q

oleic acid cannot be avoided if sufficient material is to be B G0 W Qo

vaporized for a strong ion signal. Thus the question arises;

" q‘j?

can we reduce ion fragmentation by reducing the energy of B * *

the VUV photon, or is the fragmentation an inevitable con- St Diffusion pump / N
sequence of the vaporization process? For instance, Amirav COslaser Y

[26] and Amirav and Danof27] concluded that the fragmen- Diffusion pump

tation in electron impact could be dramatically reduced by
cooling the sample in a molecular beam, thereby suggesting_. _ _ . . .
th tthg | Ip’ int | . decisi ¥ tgg. th gFg 1. Schematic of single aerosol particle laser TOF instrument. Particles

atthe moleculess internal energy IS a decisive 1aClor INthe ¢ ¢50,sed in the aerodynamic lens, detected and sized in the two light
fragmentation process. LaFranchi and co-workers have re-scattering regions, then vaporized and ionized in the extraction region of the

cently employed photoelectron resonance capture ionizationTOF-MS.
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Fig. 2. Schematic of resonance difference frequency mixing (RDFM) set-up.Bo#25 and 212.5 nm enter the Kr mixing cell, and the resultant 142 nm
light is then focused into the main chamber via a LiF lens.

425 nm light by the ion. Future experiments will pass the out- electron signal collected by a channeltron electron multiplier

put through a LiF wedge prism to completely eliminate the served as the start time for ion time-of-flight (TOF) collec-

lower energy photons from the ionization region. tion, and the ion signal collected with a multichannel plate
The ions generated by the VUV light were accelerated out detector served as the stop time for the ion. Each coincidence

of the ionization region by a DC extraction field and into the event was stored on a multichannel pulse height analyzer.

flight tube after which they were detected by a pair of mul- Low sample signal made it necessary to collect spectra for

tichannel plates (MCPs). Each firing of the £€énd VUV periods on the order of hours at each wavelength.

lasers produced a complete single particle mass spectrum on

a digital oscilloscope (HP, Infinium), which digitized each

mass spectrum and transferred it to a PC through a GPIB3. Results and discussion

connection. Though the particles produced with the nebulizer

were polydisperse, the timing circuit that controls the firing  Fig. 3shows a comparison of an oleic acid mass spectrum

of the CQ and VUV (or just the VUV in the case of heater  taken with 118 nm light and one taken using the RDFM wave-

vaporization) lasers was adjusted to only trigger on@#4  |ength of 142 nm (8.75 eV). The amplitude of tivéz= 282

particles. The total count rate of particles of all sizes was suf- peak is approximately eight times higher for the spectrum

ficiently low (ca. 20 per second) that the uncounted particles gbtained via RDFM than for the 118 nm case. This is partly a
were pumped away long before the size selected particles

were analyzed so that they did not interfere with the analysis.
Typically, a mass spectrum was recorded by averaging 100 257

single particle mass spectra. 2.0
A threshold photoelectron photoionization coincidence 1.5
(TPEPICO) study of oleic acid was undertaken in order to RDEM (1420m) eo
examine the ionization energy of oleic acid and the onset o
energies of its fragment species. lons are energy selectecs 0.5
by TPEPICO, which collects mass spectra of ions in coin- 2 00—~ -

ens
N
w
]

cidence with their zero-energy electrons, yielding informa-
tion on fractional abundance of parent and daughter ions asZ ]
a function of the photon energy. The apparatus has been de-
scribed in detail elsewhe[83,34]. Briefly, a gaseous sample ; THG (118nm)
was directly introduced into the ionization region of the mass
spectrometer. Because of the low vapor pressure of oleic acid
atroom temperature, it was necessary to introduce the sample
with a heated inlet of approximately 430 K as monitored by a 0 50 00 150 200 250 300 350
thermocouple. The oleic acid sample was ionized with VUV m/z
light from a H, discharge lamp, dispersed by a 1m normal o ) )
incidence monochromator. Electrons and ions were continu-"'9; 3 Oléic acid spectra obtained with a £faser power of 70mJ/pulse

. ) : . - and VUV wavelengths of (a) 142 nm and (b) 118 nm. The vertical axis is the
ously extracted in opposite directions by a 20 V/cm field. The g, signal measured as a voltage on the oscilloscope.
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result of the reduced fragmentation in the RDFM case. With —

the 142 nm light, the only fragment observed is due to wa- __ ]
ter loss, yielding a peak a¥z=264. Reduced fragmentation £ o¢. £
not only allows for easier identification ai/z= 282, but the % % |
absence of other fragments greatly facilitates the analysis of ¢! 054 miz=264 N - . m/z=282
mixtures. e =1
No literature value for the ionization energy of oleic acid =, %41 >
exists. However, the strong mass spectral signal observed & e 1
with 8.75 eV laser ionization indicates that its IE is less than ﬁ e ﬁ 1
this. £l s, 2
Photoionization at various wavelengths was used to deter- % i " % ] .
mine that the ionization energy of oleic acid is &6.1eV. T 4] " o T
The breakdown diagram of oleic acid ffig. 4 shows frac-
tional abundances of the molecular iowz=282, and two 0.0+——————1—1— ——————
daughter ionsyVz=264 and 256 as a function of VUV pho- 9 100200 800 400 500 0 100 200 200 400 300
ton energy. In order to obtain the ion energy from the photon  (P) CO,Laser Power (mJ)

energy, it is necessary to add to the photon energy the ion

internal energy, which depends onthe temperature of the ex_Fig_. 5. (_a) Total mass spect_ral iptensity as a function of Ger power for

periment (430 K, in this case). If the temperature of the;CO oleic a(:|d_. The dashed_vertlcal line repr_esents the thresho!d power f_o_r com-
. . L plete particle vaporization. (b) Plot af’z=264 and 282 relative intensities

laser vaporized aerosol particle were similar to the tempera- i respect to C@power.

ture of the TPEPICO experiment, the 8.75eV VUV photon

ionization should yield only the parent ion. The fact that we

observe a water loss peak indicates that the laser vaporize

molecules have a higher internal temperature than the ga

phase oleic acid molecules vaporized at 430 K.

The onset for water loss signal in the breakdown diagram 3.1. The effect of C&laser power and VUV laser delay

of Fig. 4appears atabout 9.1 eV. However, the ion TOF distri-

butionsindicate that atthis energy, the parentionis metastable Fig. 5relates the C@laser power to the total mass spec-

and loses water slowly. The true thermochemical dissociationtral signal. Initially, the total oleic acid spectral area increases

limit may lie well below 9.1 eV, but no fragment ions are ob- with increasing C@laser power as more of the particle is va-

served because the low dissociation rate constant does noporized. At a CQ power of approximately 173 mJ/pulse, the

permit the ion to dissociate on the timescale of the ion TOF total oleic acid signal begins to plateau, an effect similar to

collection, which is on the order of 20s. This effect causes that seen by Woods et al. in their studynehitrotoluene par-

the fragment appearance energy of 9.1 eV to be higher than itgicles [3]. This leveling of the spectral area is an indication

true thermochemical dissociation energy. On the other hand,that laser heating results in complete vaporization. For this

the ions initially contain considerable thermal energy as a experiment, the delay between the application of the CO

result of heating the sample to 430K. This causes the ap-and VUV laser pulses was adjusted to achieve optimal signal

pearance energy (observed onset) of the water loss peak tantensity. This was necessary because the translational en-

be shifted toward lower energy. Without a detailed analysis ergy of the vaporized molecules increases with the @Qer

that takes calculated dissociation rate constants and the therpower, thus necessitating the reduction of the delay between

mal energy distribution into account, it is indeed difficult to the two lasers.

djetermine a precise dissociation energy for the water loss
S‘peak. An approximate dissociation energy is 9 eV.
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As shown inFig. 5, the maximum relative intensity for the ] CO, Power: 81.4 mJ/pulse
oleic acid parent peakz=282) is located at-75 mJ/pulse. 7 ’
The maximum of thean/z=264 intensity, which occurs at ] 4us
~173 mJ/pulse is coincident with the location of the thresh-

old power. This suggests that up to 173 mJ/pulse, the CO
laser puts only enough excess internal energy into the va-
porized oleic acid molecules to producegz=264 when
the molecule is ionized with VUV irradiation. At powers
greater than 173 mJ/pulse, both the parent peak and the<=
m/z= 264 peak decrease with increasinggd#aser power. Af-
ter~200 mJ/pulse, however, the total oleic acid mass spectral
area begins to increase, possibly as a result of the dissocia- ]
tion of neutral oleic acid into two fragments, both of which ]
can be ionized by the VUV laser. At lower G@aser powers —— 7T —— T T—T——
where the oleic acid ion primarily loses just water, only the 0 % 10 180200 250 300 350 400
m/z= 264 fragment can be ionized by the 8.75eV VUV laser,
while the water fragment cannot.

One of the interesting questions deals with the mechanism
for fragmention production. Two scenarios could account for
their observation:

tensity

19 us

m/z

CQ, Laser Power: 294 mJ

. w(C hv (VUV .
Oleic acdw(—?” neutral fragmentsv(—> )fragment ions

@)

Intensity

Oleic acmf' 0Ie|c amd)* ALY fragment ions (2)

In the first case, the CQaser dissociates the oleic acid into

neutral fragments, which are then ionized by the VUV laser.

In the second mechanism, the g@ser just heats up the

oleic acid, and the fragmentions are produced by dissociative

|on|zat|0n.. Iq genergl, the second m.echal"ns.m is more likely 50 100 150 200 250 300 350 400

because ionic species have lower dissociation energies thar miz

neutral species. But, given sufficient g@ser power, it is

possible that both mechanisms pertain here. The increase irFig. 6. Oleic acid spectra at various g@owers and C@-VUV delay times.

the total ion signal after about 200 mJ of gl@ser power seen  The vertical axes are the same for each spectrum within the givepGi@er.

in Fig. 5can be accounted for by mechanism (1) because theThe mvz=282 signal is~0.5V for the 14us delay at 294 mJ, anel0.8V

dissociation of the neutral oleic acid generates two fragments©" 1€ 19us delay at81.4mJ.

that are candidates for ionization by the VUV laser, whereas,

mechanism (2) will only generate one ion. gion of about 3mrA. The center of the VUV laser spot is
Inan effortto distinguish the effects of mechanisms (1) and offset from the center of the Gy ~1 mm, and the aerosol

(2), the CQ-VUV delay time was varied for several differ- particle, therefore, requires some time to expand to fill the

ent CQ laser powers. At each laser power, as the delay time VUV spot after vaporization. Fast fragments might, there-

increased, the ratio of then(z=282)/(nz=264) peak areas  fore, arrive before the heavier parent molecules. However,

also increased. The effect is even more dramatic at 294 mJ IRcalculated Maxwell-Boltzmann distributions of molecular

laser power. At long delay times, the lower mass fragments velocities for each ion species at several different temper-

are nearly absent, whereas they are dominantpat delay atures show that the difference in the velocity between the

time. The interpretation of the changing mass spectra as amwz= 264 fragment and thevz=282 parent is so small that

function of the VUV laser delay depends on whether mech- it cannot account for the large change in the ion intensities

anism (1) or (2) is operative. Suppose that mechanism (1) isat for instance 294 mJ{g. 6). Nor can the large intensity of

dominant so that the observed fragment peaksdn6 orig- the smaller fragments at short times be accounted for in this

inate from the ionization of neutral fragments. If particles manner.

were heated and vaporized homogeneously, all molecules The second mechanism, in which the £@ser simply

(fragments and parent molecules) would have the same tem-heats the oleic acid and the fragment ions are generated by

perature and thus the same translational energy distribution.dissociative ionization, is also not consistent with a single

But, the neutral fragments would have a higher velocity as temperature for the sample. In this mechanism, all mass spec-

a result of their lower mass. The VUV laser has a focal re- tra should have the same mass peaks in the same relative pro-

P P P

14 us

o
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portions independent of the VUV laser delay time because . 35'

the ion precursor is always the parent molecule.

Because of this non-uniform temperature, we cannot dis- 0_30_' Oleic Acid
tinguish mechanisms (1) and (2) on the basis of the data in ]
Fig. 6. The only evidence for mechanism (1) is the increased .25 He ater = 600 K

ion signal as observed ig. 5a.

Two sources of non-uniform temperatures can be postu-
lated. It is possible that the laser does not heat the particle
uniformly so that parts of the particle are hotter than others.
As pointed out by Woods et gB], the time required for the
thermal equilibration of a @m particle is on the order of ]
10ps. This is longer than the time required to vaporize the 0.05
particle, so that the non-uniform distribution of temperatures

(
o
¥)
o
1

Intensity (V)
o
o
1

0.104

could be transferred to the vapor phase. The hot parts of the = 0.00 =gt e M o
particle would eject their vapor more rapidly thus accounting 0 50 100 150 200 250 300 350 400
for the change in the mass spectra with IR-VUV laser delay m/z

times. It is also possible that even if the particle is initially
heated uniformly, the vaporization process itself can cool the
particle during the course of evaporation. That s, while “hot”
molecules are ejected from the surface of the particle, the €X-qant of VUV delay, as indeed observed experimentally in
pansion of the particle itself can lead to cooling of interior ;4 g

molecules, thereby generating a temperature gradient during - Gjyen that the heater provides homogeneous particle heat-
the course of evaporation. ing, calculation of the average energy of oleic acid ions as a

Molecules and/or fragments detected at a delay time of ¢,ntion of temperature was performed to try to understand
14p.s were calculated to have a temperature-67 K, while the fragmentation pattern upon ionization at the vaporiza-

those detected at a delay ofué had a calculated tempera- i temperatures used in this experimefig( 9). These av-
ture of ~700 K. Therefore, species detected at shorter delay grage energy calculations indicate that at 700K, oleic acid
times are “hotter” and possess more vibrational energy thany, 55 an internal energy of approximately 2.7 eV. When these
the “colder” species detected at longer delays, thereby ac-gjecules are ionized by an 8.75eV photon, the ion can be
counting for the degree of fragmentation as a function of yenerated in a range of energies from the ionization energy
delay time, and thus the changing’¢=282)/(nz=264)ra-  4tg g 11 45eV. According to the breakdown curv&ig. 4,

tio. Itis likely that mechanism (1) is dominant at high €0 his should result in substantial fragmentation of the ions.
laser powers. But the observation of fragment ions depends upon the time
scale of the experiment because of the low dissociation rate
constants. The breakdown diagrantig. 4 was taken with

Fig. 7. Oleic acid particle mass spectrum taken with the cartridge heater at
600 K. Background signal has been subtracted.

3.2. Use of heater with VUV laser

In a previous study35], we showed that aerosol particles

can also be vaporized by letting them impinge on a heater, as o8 - .
is done in the instrument of Jayne eff&B]. In our case, oleic T . - "
acid particles fly through the ionization region, hit the heater 0.4
and are vaporized, and travel back to the ionization region
before being ionized by the VUV laser. So, for a particle §
with an incoming velocity of 100 m/s before vaporization, ¢ 0.3 Heater Temperature = 700 K
and a resultant vapor molecule velocity of 220 m/s (ata 640 K ‘E-
heater temperature), it takes a particle on the order pf30 ;Z
arrive at the heater after first crossing through the extraction & 02
region, and onthe order of 3G for resulting vapor molecules &
to return to the extraction region for ionizatidfig. 7 shows =
an example of an oleic acid particle mass spectrum taken %'
using the heater for particle vaporization.
Contrary to vaporization using a GQaser, use of a car-
tridge heater provides homogeneous heating of oleic acid ~ *° o0 0 iz s a0 iE e

particles. As mentioned, the mean velocitya= 264 and

282 molecules are very similar at a given temperature. There-
fore, if particles are indeed heated homogeneously, a constantig. g. The (vz=264)/wz=282) ratio as a function of VUV delay time
ratio of (m/z=264)/(wz=282) should be expected indepen- using a cartridge heater at 700 K for the vaporization step.

Delay Time (us)
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m/z
a 20 V/cm extraction field and the ions were accelerated over

a 5 cm region, whereas in the aerosol experiment, the extrac—ig. 11. Background signal without particles. Obtained using only the VUV
tion field was 200 V/cm and the extraction distance was just laser.

1 cm. Thus, the time to extract an ion of mass 282 is 2.1

in the TPEPICO case and 1u8 in the aerosol instrument.
That is, the ions have a residence time of 7.1 times longer in
the TPEPICO instrument than in the aerosol instrument. By

delaying the ex'Fractiqn pulse' in the aerosql instrument, we Overall, the heater is preferential to the £@ser because
can Ie_ngthgn this re_su_jence_ t_|me_ a_nd thus increase th_e frag-lt heats particles homogeneously, and as such, yields similar
ment ion signal. This is verified ifig. 10 where the ratio

f t 1o dauahter i ianal ch ¢ 172 10 1.27 parent/fragment ratios across a range of VUV delay times.
0 ;?[ﬁre(rj] Io ?UQ rer 1on Slgn;fc ang?sgro_lr_?] t.' tﬁ "“" One drawback with the heater is that the overall intensity is
as the defay ime 1S increased irom o ip. at1s, € = 1ower because the heater tip can only be placed within ap-
longer we wait before extracting the ions, the more time is

ided for the ion to di ate. Th dat ¢ OIproximately 6 mm from the center of the extraction region.
provided for the 1on to dissociate. These data Were COITecled s, ations show that this distance from the extraction re-
for a background signal discussed in the following section.

gion should cause signal obtained with heater vaporization
to be~2.8 times lower than signal obtained using the,CO
laser. These calculations involved determining the percentage
1.97 +0.09 of the vapor plume that would be contained within the VUV
laser spot area for each vaporization method. Comparison of
the signal level for an oleic acid mass spectrum collected with

3.3. Comparison of particle evaporation by heater and
CO laser

m/z_282/264

a CQ power of 81.4 mJ with amass spectrum collected with a
< 2us _/_/Ww heater temperature of 640 K showed a;&@nal/heater sig-
_}_; ; ; . . . nal ratio of~3.2, which is close to the predicted ratio of 2.8.
§ 1 An interesting feature common in all spectra taken in this
23

study is the background signai@. 11). This spectrum was

] 1ns _/‘%io'% obtained by firing the laser at a time when no particle is
St passing through the ionization region. It is evident that this

Ous spectrum looks completely different from the particle mass

- 1.72£0.09 spectrum in that the oleic acid peak at 282 is barely visible.

On the other hand, a new peak appears (actually a doublet at

m/z=258 and 261) which does not line up with the water loss
peak at 264. The origin of this background was determined to
Fig. 10. The mass spectra of oleic acid particles at a heater tem- b? aresult of t_he residual 212 nm light that is (_:o-propa_lgatlng
perature of 700K at the pulsed extraction delay times. The ratio of Withthe VUV light. Because the peaks do not line up with the
(m/z=282)/(Wz=264) peak areas is shown on the right for each delay time. water loss peak, it was rather easy to subtract its contribution
The variation of this ratio with pulsed extraction delay is a reflection of the  from the data inFig. 10 Efforts are currently underway to
slow dissociation of the parent oleic acid ion. Backgrot_md sigriats (1) ~ solve this problem by introducing a LiF Wedge prism into
have been subtracted from the spectra. For comparison, the raw partlcleth . tal set hich will te the 212 light
spectrum before background subtraction farsOdelay is vertically offset € expenmenta :_se -up, whic . will separale e nmig
from the background subtracted spectrum. Additionally, it should be noted from the 142 nm light, preventing the 212 nm light from en-
that the vertical axis for each of the spectra are the same. tering the ionization chamber.

I T T T T T T 1
255 260 265 270 275 280 285 290
m/z
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The set-up used in this study shows great promise for theflow (1 wm diameter) of 10 particles per second, the pulsed
study of heterogeneous gas-particle reactions. The increasedhaser with its 189 photons per pulse can be efficiently used
signal that is obtained through the RDFM ionization scheme becauseitis fired only when a substantial gas density is gener-
will allow for the study of coated particl¢$8,3]. Thesetypes  ated by the arrival of a large particle. We expect that the peak
of particles are important in the effort to distinguish uptake gas density will be higher by a factor of 3000 thereby gener-
that occurs due to surface versus bulk reaction between aating ions at the rate of 150 ions per second, even though the
particle and gas phase species such as ozone or OH radicalshoton flux is only 18° photons per pulse. This estimate is
Additionally, real atmospheric particles are more likely to be actually lower than our experimental signal, perhaps a result
mixtures of different compounds. Therefore, the use of an of our conservative estimation of the ionization cross-section.
ionization method with a photon energy much closer to the  These calculations show that the signal levels for a flow of
ionization potential of most organic species than the 118 nm 1 um particles is about the same for the pulsed laser operating
photon previously used will give less fragmentation. Thiswill with 10'° photons per pulse and the continuous source with
enhance the ability to study compounds in complex mixtures. 10'° photons per second. However, if the particles are small,
The current set-up is limited to a single wavelength of 142 nm the pulsed laser loses its efficiency and its low photon flux
because only a single dye laser is used to generate the 212 nrprevents its use. The continuous source dffhotons per
precursor and the 425 nm difference frequency. With a secondsecond, on the other hand, is equally efficient (or inefficient)
dye laser the 425 nm light currently used to down shift the for particles of any size and depends only on the total mass
output photon, can be made variable so that variable energyflux, and not on its temporal distribution.

VUV light in this region can be generated. This would allow

the VUV light energy to be tuned close to the ionization

energy of specific compounds in the mixture so that they 4. Conclusion

may be studied individually. On the other hand, the additional

complexity of a tunable source would prohibit its use as a  The comparison between the 8.75 eV photons generated
portable instrumentin the field. The ideal approach for multi- by resonance difference four-wave mixing (RDFM) and the
component analysis is clearly MS/MS and an attempt at such10.48 eV photons generated by third harmonic generation

an approach has been trigg6]. (THG) demonstrates that the lower energy pulsed laser pho-
tons are much more effective in giving fragmentation free
3.4. The use of rare gas resonance lamps spectra of organic constituents of aerosol particles. The test

was carried out with oleic acid, a molecule of interest in at-

Although the RDFM method is extremely effective in  mospheric chemistry. The reduced ion fragmentation also re-
a laboratory environment, the size of the set-up and the sultsin a stronger parent peak signal. The results indicate that
delicate aspects of laser alignment prevent it from being infrared CQ laser vaporization, especially at high IR laser
used in portable field instruments. An attractive alternative pulse energies, produces vapor with a non-uniform temper-
is the use of rare gas resonance larfg. Kr (10.0eV) ature distribution as evidenced by mass spectra that depend
and Xe (8.4 eV) lamps can be produced in a compact formatupon the IR/VUV laser delay time. We suggest that this is
(Syagen Inc.) and should provide up to'2@hotons per a result of either non-uniform heating of the aerosol particle
second. If these photons can be effectively directed into by the CQ laser, or of particle cooling as the outer layers of
the ionization region, such lamps should produce the samethe particle vaporize. Using a heater for the vaporization step
signal as pulsed lasers. A flux of 10 particles per second with provides a more homogeneous temperature profile within the
a 1pm diameter (or 1fHparticles per second with a diameter particles. In both cases, the dissociation of oleic acid is shown
of 100 nm) would produce a mass flow of 420 12g/s to be slow on the timescale of the experiment, which suggests
assuming a particle density of 0.80g&nmBecause the that fragmentation free mass spectra are more likely if the
gas flow into the aerodynamic lens of our instrument is ions are quickly extracted from the ionization region. Work
about 1crd/s, such a mass flux would be generated by is currently being done on the experiment to spatially sep-
an atmospheric particle density of 4.8/m?, which is a arater =142 and 212 nm to prevent any 1+ 1 REMPI from
reasonable density for clean atmospheres (typical urbanoccurring, which should further decrease the intensity of the
atmospheres have a density-e20—-100ug/m?) [17]. If the m/z=264 water loss peak. Finally, we show that a continu-
particles are vaporized and generate oleic acid moleculesous lamp with a photon flux of about ¥0photons per second
with a mean velocity of % 10* cm/s, and the gas is returned  should be an ideal ionization source for the detection of or-
in a 1 cnf cross-sectional area, the average gas density in theganic species in large and small aerosol particles.
ionization region will be 4.5 10° oleic acid molecules/cfn
Given a photoionization cross-section of #8crm? and a
photon flux of 18°photons/s, the expected signal level is Acknowledgements
about 500 ions per second.
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