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Extractive electrospray ionization mass spectrometry (EESI-MS) has been shown, in other

laboratories, to be a useful technique for the analysis of aerosols from a variety of sources. EESI-MS

is applied here, for the first time, to the analysis of secondary organic aerosol (SOA) formed from the

reaction of ozone and a-pinene. The results are compared to those obtained using atmospheric

pressure chemical ionization mass spectrometry (APCI-MS). The SOA was generated in the

laboratory and merged with electrospray droplets. The recovered ions were directed towards the inlet

of a triple quadrupole mass spectrometer. Through the use of a denuder to remove gas phase

compounds, the EESI-MS technique was found to be effective for measuring the major ozonolysis

products either in particles alone or in a combination of vapor phase and particulate products. Due to

its relatively simple setup and the avoidance of sample collection and work-up, EESI-MS shows

promise as an excellent tool for the characterization of atmospherically relevant particles.

Introduction

Secondary organic aerosol (SOA) is the subject of great interest

in the atmospheric chemistry community.1–4 SOA particles are

formed from low-volatility oxidation products of organic

compounds and are of interest because of their effects on human

health and visibility. The light scattering properties of SOA

particles and their ability to act as cloud condensation or ice

nuclei also means they have a significant impact on climate.5

Traditionally, the individual components of SOA have been

identified using techniques such as gas chromatography-mass

spectrometry and liquid chromatography-mass spectrometry.6–15

However, prior to chromatographic analysis, particles must be

collected, extracted, and for a number of compounds, deriva-

tized.12,13,15–19 In addition, these traditional approaches did not

detect high molecular weight oligomeric products that were later

observed using other methods.20–28

Particle mass spectrometry techniques that use laser ablation

or electron impact ionization29–38 provide real-time analysis but

often suffer from extensive fragmentation of organic compounds,

so that specific molecular mass information and structure cannot

be derived from the data. Softer ionization methods such as

electrospray ionization (ESI), chemical ionization (CI) and

proton-transfer reaction (PTR) combined with mass spectrometry

have been used to obtain molecular information on lower

molecular mass components of SOA (usually , 300 Da) as

well as to detect oligomers up to 2000 Da, but sample collection/

concentration of some sort is typically required.20–22,39–45

Atmospheric pressure chemical ionization mass spectrometry

(APCI-MS) has been used to make in situ measurements of the gas

phase and particle-phase products of a variety of atmospherically

relevant reactions such as the oxidation of biogenic terpenes by

ozone, NOx, or OH in laboratory studies.46–51 However, the

ionization process involves a corona discharge that can induce

chemistry in the resulting plasma.

More recently, a number of ambient ionization mass spectro-

metric techniques have been developed52,53 that can be applied to

characterizing particles of atmospheric interest. For example,

desorption electrospray ionization mass spectrometry (DESI-

MS) has been used by several groups to characterize or quantify

organic aerosols.54–57 Bruns et al.27 used atmospheric solids

analysis probe mass spectrometry (ASAP-MS) to measure SOA

resulting from the ozonolysis of a-pinene and isoprene, the NO3

reaction with a-pinene, and SOA collected from air. However,

these techniques require prior collection of the SOA on a

substrate.

Extractive electrospray ionization mass spectrometry (EESI-

MS) is a recently developed method that involves little sample

preparation and has a relatively simple experimental design.58
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This technique, which can be carried out on modified,

commercially available atmospheric pressure mass spectro-

meters, involves the interaction of charged electrospray droplets

with an aerosol containing the analyte of interest. EESI-MS has

been successfully used to study a number of diverse systems

including gases and particles from olive oil, aerosolized drugs,

human breath, and beer.59–68

We report here the first analysis of SOA using EESI-MS. Of

particular importance is the fact that the particles are directly

sampled from air with no prior collection onto a substrate. Our

studies focus on SOA generated from the reaction of a-pinene

with ozone because we have extensive data on the SOA from this

reaction using a variety of techniques.27,51,69 In addition, this

reaction has been extensively studied in the past because of its

atmospheric importance.7,13,20–22,70–76 We compare the results

for EESI-MS with those for APCI-MS on the same mass

spectrometer in order to provide a comparison for the new

technique with a more traditional in situ method.

Experimental

For EESI-MS experiments, SOA was formed in 80 L Teflon

chambers from the reaction of a-pinene and ozone (both

reactants at 0.7 ppm). The balance of the chamber was filled

with air from a zero-air generator (Perma Pure LLC) or with

ultra-high purity air (Oxygen Services Company, Ultra Zero

Grade). To remove possible contaminants, a-pinene (Sigma

Aldrich, 99%+) was purified by column chromatography using

aluminum oxide (J. T. Baker, Analyzed Reagent) prior to

injection into the chamber by syringe. Ozone was generated by

passing a metered flow of ultra-high purity oxygen (Oxygen

Services Company, 99.993%) over a low pressure mercury lamp

(Jelight Company, 78-2406-1). Ozone concentrations were

determined using a photometric ozone analyzer (Teledyne

Instruments, Model 400E). Experiments were carried out under

dry (no water added) and humid (50% relative humidity)

conditions. All EESI-MS data acquisitions were completed

within one hour of placing the reactants in the chamber.

Typically, two chambers with the same reactant concentra-

tions were prepared. While one chamber was analyzed using

EESI-MS, the other chamber was monitored for particle size and

concentration using a scanning mobility particle sizer (SMPS,

TSI model 3936). SMPS data indicated that during the one hour

reaction period the modal particle diameter ranged from

approximately 150 nm to 250 nm and the total particle mass

ranged from 1500 mg m23 to 2500 mg m23.

Measurements were performed on a modified atmospheric

pressure ionization (API) triple quadrupole mass spectrometer

(Perkin Elmer/AB Sciex API-III) operating in positive ion mode.

Fig. 1 depicts the two configurations of the instrument used in

this study: EESI mode (Fig. 1a) and the original atmospheric

pressure chemical ionization (APCI) mode (Fig. 1b). For EESI-

MS spectra, the APCI module was removed, leaving the curtain

plate exposed to ambient air. The curtain plate was held at a

potential of + 1.0 kV during all experiments. Single quadrupole

and MS-MS spectra were acquired using Analyst software.

In the EESI mode, a custom built electrospray source and a

J99 Teflon tube for transferring particles from the Teflon

chamber to the ionization region were placed near the orifice of

the curtain plate. The electrospray tip was placed 2 cm from the

curtain plate and aimed slightly off-axis with respect to the

orifice. The transfer tube for particles was also placed 2 cm from

the orifice but at an angle of approximately 45u with respect to

the curtain plate. This system is similar to those used in other

studies other than that the electrospray system was operated

without a sheath gas for the sake of experimental simplicity.58,59

The custom built electrospray source was constructed using a

syringe pump (KDS 100, KD Scientific), perfluoroalkoxyalkane

tubing (DuPont), and a 5 cm long fused silica capillary tube with a

100 mm inner diameter (IDEX Health and Science). The solvent

tubing and capillary were joined using a stainless steel union

(Swagelok). This union created a liquid junction onto which a

potential of + 4.0 kV was applied. The EESI solvent was a

50/50 (v/v) mixture of HPLC grade acetonitrile (Sigma-Aldrich)

and 0.2% formic acid solution prepared from 18.2 MV cm water

(Thermo Scientific Barnstead Nanopure) and formic acid (Fisher-

Scientific, ACS grade, 88%). The solvent flow was set at a rate of

90 mL h21.

The aerosol sampling line consisted of 80 cm of J99 stainless

steel tubing connected to 20 cm of J99 Teflon tubing that was

included to minimize electrostatic interference in the vicinity of the

electrospray tip and entrance plate to the mass spectrometer. A

3 cm diameter by 10 cm-long monolith extruded carbon denuder

(Novacarb, Mast Carbon Ltd.) operated at room temperature was

inserted between the Teflon chamber and the sampling line during

some experiments in order to remove gas phase products. This

denuder has been shown to remove at least 99% of gas phase

reagents and products and transmit more than 92% of the particles

formed from the ozonolysis of a-pinene at flow rates of

1.0 L min21.51 The contents of the Teflon chambers flowed

through the sampling line at an approximate rate of 2.5 L min21

as a result of placing a constant 3 kg mass, that was distributed

over a 0.20 m2 area, on top of the chamber. Although this resulted

in slightly higher flow rates when the chamber was full, the

difference in flow rate for a full chamber versus a half-full chamber

was within 15%. SMPS measurements, in which the contents of

the Teflon chamber were sampled directly, either through the

EESI sample delivery tubing or through the tubing and denuder,

indicate that the tubing and denuder had no significant effect on

the particle concentration or average diameter.

All sample spectra were corrected for carry-over from previous

experiments by subtracting out a spectrum obtained after

replacing the reaction chamber with a Teflon chamber filled

with ultra high purity air.

For comparison, the APCI-MS spectrum of the reaction of

ozone and a-pinene was also acquired using the same instrument

in the APCI mode as depicted in Fig. 1b. Ozone and a-pinene

were added to a 300 L Teflon chamber to achieve a concentra-

tion of 1 ppm. The balance of the chamber was filled with high

purity air (Oxygen Services Company, Ultra Zero grade). The

mixture of gases and particles in the chamber was passed

through a denuder (described above) and through a 22 mm i.d.,

33 cm long Pyrex tube at about 1.0 L min21 into the APCI

source of the MS. The source was operated at room temperature.

To provide information on the concentration based response

to an individual compound, EESI-MS spectra were acquired for

cis-pinonic acid aerosols generated by atomizing solutions of cis-

pinonic acid (Aldrich, 98%) in methanol (Aldrich, Optima grade).

This journal is � The Royal Society of Chemistry 2012 RSC Adv., 2012, 2, 2930–2938 | 2931
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The solution concentrations were 0.05 mg mL21, 0.1 mg mL21,

and 0.2 mg mL21. Each solution was atomized using a constant

flow atomizer (TSI model 307601) with nitrogen as the carrier gas

(Oxygen Services Company, Ultra High Purity). Particle size

distributions were determined using a scanning mobility particle

sizer (SMPS, sample flow 0.2 L min21, sheath flow 2.0 L min21,

impactor 0.071 cm) consisting of an electrostatic classifier (TSI

model 3080), a differential mobility analyzer (TSI model 3081)

and a condensation particle counter (TSI model 3776). From the

SMPS measurements, the mass concentration was obtained

assuming a density of 1.2 g cm23. The number distribution was

quite broad and did not capture the tail above y500 nm, so that

the masses are lower limits.

The mass spectra observed in some experiments contained

peaks at m/z 132/134, 122/124, and 63/65 with a 70:30 ratio for

each pair. As discussed below, these ions were attributed to

copper containing compounds in the laboratory air. The total

concentration of copper in the air was estimated by drawing

laboratory air through a water bubbler containing 18.2 MV cm

water at a rate of 1.5 L min21 for 10–15 h. The air flow was

controlled by a mass flow controller (Alicat Scientific) connected

to house vacuum. Air was drawn directly into the bubbler

through the inlet without coming into contact with tubing or any

other substance that might contribute to copper contamination.

A procedural blank was prepared by allowing the same volume

of 18.2 MV cm water to sit in a similar bubbler for 10–15 h

without air flowing through it. The concentration of copper in

the bubbler water was determined using inductively coupled

plasma-mass spectrometry (Nu Instruments AttoM High

Resolution ICP-MS). The analysis was conducted in peak-

jumping mode using the instrument’s unique fast-scan ion optics.

Both copper-63 and copper-65 were measured, along with a

germanium internal standard to correct for instrumental drift.

Concentrations were calculated using a four-point external

Fig. 1 (a) Schematic of the merging of the electrospray droplets and SOA particles in relationship to the curtain plate of the triple quadrupole MS.

(b) Schematic of the chamber used for APCI on the same instrument. This chamber and the corona discharge needle are removed when the MS is used

in EESI-MS mode.

2932 | RSC Adv., 2012, 2, 2930–2938 This journal is � The Royal Society of Chemistry 2012
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calibration curve (R2 = 0.9892). Samples were corrected for

background copper by subtracting the results of the procedural

blank. All glassware was soaked for several hours in 1 M double-

distilled nitric acid and rinsed with 18.2 MV cm water before use.

Results and discussion

EESI-MS is effective at characterizing the components of the

SOA and, in conjunction with a denuder, can differentiate

Fig. 2 (a) EESI-MS spectrum, corrected for carry-over from previous experiments, of the products of the ozonolysis of a-pinene under dry conditions

with a denuder inserted between the Teflon reaction chamber and sample tubing (i.e. particles only). (b) EESI-MS spectrum of the contents of the same

reaction chamber without a denuder in place, i.e. gas phase analytes plus particles. Note that the peak at m/z 151 is off-scale; it is actually about 7 times

more intense than the other peaks. (c) APCI spectrum of the products of the ozonolysis of a-pinene under dry conditions with a denuder inserted

between the Teflon reaction chamber and the APCI inlet. Major peaks are labeled with their respective m/z values.

This journal is � The Royal Society of Chemistry 2012 RSC Adv., 2012, 2, 2930–2938 | 2933
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between the analytes in the gas phase and those in particles, as

shown in Fig. 2a and 2b. These figures show the EESI-MS

spectra between 145 and 190 Da for the SOA generated from the

ozonolysis of a-pinene under dry conditions. Table 1 lists the

compounds observed in this study. These are some of the most

prevalent compounds expected to be present in particles from the

ozonolysis of a-pinene based on previous work.7,13,20–22,70–76 The

spectrum in Fig. 2a was obtained by placing a denuder between

the Teflon reaction chamber and the EESI sample delivery

tubing in order to remove gas phase products and excess

reactants. Fig. 2b shows a spectrum obtained for the same Teflon

reaction chamber without a denuder (i.e. gases plus particles).

Peaks at m/z 151, 155, 167 and 169 are common to both spectra

but with relative intensities that vary between the sampling with

and without the denuder. Both spectra contain peaks of about

equal relative intensities at m/z 185, 171, and 153. The peak at m/z

185 is assigned to [M + H]+ while the ion at m/z 167 could

correspond to [M + H – H2O]+ of pinonic acid and/or

hydroxypinonaldehyde. The peak at m/z 171 could be due to

[M + H]+ of norpinonic acid and/or pinalic acid, while the peak at

m/z 153 would result from the [M + H – H2O]+ of one or both acids.

The spectrum obtained without a denuder (Fig. 2b) has peaks

at m/z 169 and 151 with higher intensities than those in the

spectrum obtained using a denuder. These peaks can be

attributed to pinonaldehyde. Note that the peak at m/z 151 is

off scale on the graph; its intensity is actually about seven times

greater than that of the other major peaks. Given the intensity of

the [M + H – H2O]+ pinonaldehyde peak, the peak at m/z 152

can be attributed to a 13C isotope ion of pinonaldehyde. The

large amount of pinonaldehyde present when not using a

denuder relative to that observed when a denuder was employed

indicates that most of the pinonaldehyde is present in the gas

phase rather than being part of the particles. This is consistent

with previous studies of SOA formed from the oxidation of

a-pinene75,76 and the relatively high vapor pressure of pinonal-

dehyde of 1.6 6 1025 atm at a temperature of 298 K.51,77 The

spectrum obtained without a denuder also contains a peak at m/z

155 that is absent from the spectrum obtained with a denuder;

this peak is most likely derived from norpinonaldehyde. The data

suggest that this ozonolysis product is also primarily in the gas

phase rather than being contained in the SOA particles,

consistent with its vapor pressure.51

The spectra acquired using EESI-MS are somewhat different

from those obtained using APCI-MS. Fig. 2c shows the spectrum

obtained using the same mass spectrometer as for the EESI-MS,

but in the traditional APCI mode as shown in Fig. 1b. In this

case the sample was passed through a denuder before entering

the mass spectrometer, so the spectrum in Fig. 2c can be

compared directly to the spectrum in Fig. 2a to explore

differences in spectrum patterns for particle components.

EESI-MS gives major peaks at m/z 185, 171, 167, 153, and

151, while with APCI-MS, the largest peak occurs at m/z 185

with significant peaks at m/z 171, 169, 167, 157 and 151. Similar

mass spectra were reported earlier for this reaction when the

analysis was done by LC-APCI-MS.6,7

The EESI-MS data show relatively larger [M + H – H2O]+

fragments when compared to their molecular ions. For example,

EESI-MS produces a larger peak at m/z 167 [M + H – H2O]+

than at m/z 185 [M + H]+ for pinonic acid/hydroxypinonalde-

hyde, a larger peak at m/z 151 [M + H – H2O]+ than at m/z 169

[M + H]+ for pinonaldehyde, and a larger peak at m/z 153

[M + H – H2O]+ than at m/z 171 [M + H]+ for norpinonic/pinalic

acid. With the APCI-MS technique, the peaks for the molecular

ion species dominate for these components. This suggests that,

for these particular conditions, APCI-MS is a somewhat ‘‘softer’’

technique than EESI-MS.

EESI-MS and APCI-MS involve different ionization pro-

cesses. In EESI-MS, it has been reported that differences in

analyte solubility between the ESI spray and the sample spray

affect the generation of ions.61 This suggests that there is an

extractive process that recovers analytes from the sample spray

followed by evaporation of the ESI droplets, resulting in the

ionization of the component analytes. The electrospray ioniza-

tion process itself is thought to involve an ion evaporation

mechanism in which ions are sputtered from the surface of the

highly charged droplets.78 For APCI-MS, samples are drawn

directly from the sample chamber through a Pyrex or ceramic

tube to the inlet of the mass analyzer. A corona discharge in air

in the source of the mass spectrometer causes the formation of

ions, and ultimately protonated water clusters [H3O]+ in the

positive ion mode. These ions transfer a proton to the analyte

molecules if their proton affinity is higher than water.79,80

Although the mechanism of ionization of particles directly by

APCI-MS is not known, it is reasonable to suggest that it occurs

via uptake of H3O+ or protons at the surface of the SOA,

followed by ejection of ions into the gas phase as the charge on

the particles builds up. This appears to be a less energetic process

than the ejection of ions from the highly charged surface of the

electrospray droplets, leading to less fragmentation of the

analyte. The fact that the APCI is conducted at room

temperature probably contributes to the reduced energy transfer

given that when APCI is utilized in LC-MS, temperatures of

Table 1 Masses of SOA compounds formed from the ozonolysis of a-pinene identified in this study

Molecular species Observed m/z Peak assignment

Pinic acid (C9H14O4) 187 [M + H]+

Pinonic acid (C10H16O3), hydroxypinonaldehydes 185 [M + H]+

167 [M + H – H2O]+

Norpinic acid(C8H12O4) 173 [M + H]+

Norpinonic acid/pinalic acid (C9H14O3) 171 [M + H]+

153 [M + H – H2O]+

Pinonaldehyde (C10H16O2) 169 [M + H]+

151 [M + H – H2O]+

2,2-Dimethylcyclobutane-1-carboxylic acid-3-carboxaldehyde (C8H12O3) 157 [M + H]+

Norpinonaldehyde (C9H14O2) 155 [M + H]+

2934 | RSC Adv., 2012, 2, 2930–2938 This journal is � The Royal Society of Chemistry 2012
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250 uC – 600 uC are typically used to evaporate the solvent and

fragmentation is more extensive than occurs for ESI.

Mass spectra for SOA generated in the presence of water

vapor were similar to those for the dry SOA, except that they

exhibited more ions in the higher (. 300 Da) mass range. Fig. 3a

shows the EESI-MS for ozonolysis of a-pinene at 50% relative

humidity up to 500 Da, while Fig. 3b shows the results for the

reaction under dry conditions. Similar higher molecular weight

products have been observed in other SOA studies and have been

attributed to oligomeric products.20–25,27,74 One possibility is that

these higher molecular weight peaks are due to adducts formed

during the electrospray droplet evaporation and ionization

process. However, that seems unlikely based on studies by

Reinhardt et al.21 in which they explored the high molecular

weight products formed from the ozonolysis of a-pinene using

Fourier transform ion cyclotron resonance mass spectrometry

with an ESI source. They looked at the effect of source CID

voltage on the observed spectra since noncovalent adducts

should be disrupted at higher CID voltages. Since their spectra

did not change as a function of source CID voltage, they

concluded that the higher molecular weight compounds must be

oligomers rather than noncovalent adducts. In addition, Gao

et al.81 used ESI-MS to study the ozonolysis of a-pinene in a flow

tube reactor. They observed a species they attributed to a dimer

and used LC-MS to confirm that the dimer was not an artifact of

the ESI analysis. Given that EESI-MS ultimately involves the

same solvent evaporation and ionization process as more

conventional ESI-MS, it is likely that the higher molecular

weight products seen in this study are also oligomers rather than

noncovalent adducts. Finally, high molecular weight signals

attributed to oligomers have been seen by ionization techniques

other than ESI, also suggesting that these peaks are not merely

adducts of the ESI process.20,23,24,27

In terms of the analytical technique, detection of these higher

mass compounds demonstrates that EESI-MS is capable of

analyzing the components of particles of atmospheric impor-

tance throughout a large mass range.

Spectra obtained by EESI-MS are expected to be subject to

similar matrix and solvent effects as traditional ESI, and to have

response factors that depend on the particular analyte. This can

be seen, for example, in the spectra in Fig. 2 where the [M + H]+

peak due to pinic acid at m/z 187 is small relative to that at m/z

185 due to pinonic acid/hydroxypinonaldehyde, yet pinic acid is

known to be a major component of SOA from a-pinene

ozonolysis.7,13 This is due the larger proton affinities of pinonic

acid and hydroxypinonaldehydes which both contain a ketone

Fig. 3 (a) EESI-MS of SOA generated from the ozonolysis of a-pinene at 50% relative humidity. Inset shows the presence of oligomers at higher

molecular weights. (b) EESI-MS of SOA generated under dry conditions showing reduced numbers of ions in the m/z 200–500 region.

This journal is � The Royal Society of Chemistry 2012 RSC Adv., 2012, 2, 2930–2938 | 2935
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group, compared to pinic acid which only contains –COOH

groups that do not protonate.6,7

The EESI-MS of cis-pinonic acid particles was obtained by

sampling an atomized solution of cis-pinonic acid in methanol in

order to estimate a limit of detection for a component of the

SOA. Peaks at m/z 185 (assigned to [M + H]+) and m/z 167

(assigned to [M + H – H2O]+) were observed as expected; the

mass spectrum from m/z 145–190 Da for the 0.1 mg mL21

solution is provided in the Supplementary Information (Fig.

S1{). The signal intensities increased linearly with particle mass

within the uncertainty of the SMPS measurements, indicating

that at least for pure compounds, this method should be

quantitative. As an example, using this linear relationship for

the peak at m/z 167 and the intensity of the noise in this region,

the EESI-MS detection limit for cis-pinonic acid is estimated to

be y20 mg m23 under these conditions. However, the impact of

matrix effects where cis-pinonic acid is in a complex mixture

with other species needs to be investigated. Nevertheless, this

detection limit could be improved through the use of increased

integration times, optimized geometry and potentially using

different solvent systems in which cis-pinonic acid has a higher

solubility since a previous report indicated that EESI-MS

sensitivity increases as the solubility of the analyte in the EESI

solvent increases.61

An example of the influence of matrix factors in this particular

system is the sporadic detection of copper compounds in

laboratory air at concentrations that were independently esti-

mated by ICP-MS to be 500–600 ng m23 (see Supplementary

Information{). Peaks would appear at m/z 132 and 134 that varied

in strength depending on the day and time of day (Fig. 4). Smaller

peaks at m/z 63 and 65 correlated very well with the presence of the

m/z 132 and 134 peaks, and both sets of peaks exhibited a constant

intensity ratio of approximately 70:30 as expected for copper

isotopes. Peaks at m/z 122 and 124 showed a similar ratio. Tandem

mass spectra (MS-MS) of m/z 132 and 122 further supported the

conclusion that the peaks were due to copper adducts as described

in the Supplementary Information.{
A number of tests indicated that the copper was in the

laboratory air, and formed a complex with the acetonitrile

solvent (see Supplementary Information{). For example, the

copper peaks were significantly reduced in intensity if formic

acid was not included in the acetonitrile–water solvent mixture

and were completely absent when methanol was used as a

solvent. It appears that acetonitrile is essential for the

extraction of copper from the air and the presence of acid

greatly increases the extraction or ionization efficiency. The

estimated detection limit for copper in the form of this complex

in the 50/50 acetonitrile/0.2% formic acid solvent is 3 ng m23,

assuming that all of the copper is present as the complex and

that the signal is proportional to mass, as is the case for pinonic

acid.

Conclusions

EESI-MS has been applied to analyzing particles of atmospheric

relevance. This is a potentially useful technique that can be

carried out with minimal modifications of existing API mass

spectrometers. Additionally, the technique does not require prior

collection of particles on a substrate and thus can be used to

obtain real-time measurements. Compared to many existing

techniques, EESI-MS provides soft ionization that facilitates

identification of different compounds in a complex mixture such

as SOA. In this study, the EESI process involves the interaction

of ESI droplets with non-solvated SOA particles. The droplets

must therefore be dissolving components from these particles.

The fact that this technique produces spectra similar to those

obtained by APCI-MS, a technique with which the major known

products of a-pinene ozonolysis including oligomers have

been identified, indicates that this is an effective method for

generating ions from particles. Future studies will focus on

optimization of the technique, including the development of

authentic, atmospherically relevant standards to determine limits

of detection for SOA components individually and in mixtures,

determining the recovery efficiency, the impact of solvent

composition, investigation of the use of the negative ion mode

for carboxylic acids, the use of a sheath gas around the solvent

spray, and the use of nano-EESI-MS which has been shown to

enhance sensitivity.82

Fig. 4 EESI-MS spectra of the mass region that typically contained peaks resulting from sporadic copper contamination of the laboratory air. Major

peaks are labeled with their respective m/z values. Spectra are vertically offset from the baseline for the sake of clarity.
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