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1 INTRODUCTION 

The climate of Earth largely dictates how life develops on this planet. The atmosphere is 

but one constituent of the climate, yet today perhaps the most relevant due to climate 

change. It is mainly comprised of inert nitrogen gas and more reactive oxygen gas in its 

dry state, yet clouds and aerosols are also part of it. The effect of these aerosols (solid or 

liquid particles suspended in gas-phase) on our climate is still being researched. Aerosol 

particles are traditionally divided into four modes based on aerosol number size 

distribution: nucleation mode (dp < 25 nm), Aitken mode (25 nm < dp < 90 nm), 

accumulation mode (90 nm < dp < 1 um) and coarse mode (dp > 1 um). The Aitken and 

accumulation modes are defined also as fine mode (Boucher, 2015). High concentrations 

of aerosols in urban environments can present an adverse health effect in various 

respiratory (Brunekreef and Holgate, 2002) and cardiovascular (von Klot et al., 2005) 

ailments, depending on size and composition of the aerosol population, though the 

precise mechanism is still unknown. Regardless, there is recent research suggesting fine 

mode particles cause adverse human health effects (Sundström, Nousiainen, and Petäjä, 

2009; Kim, Kabir, and Kabir, 2015). 

The direct effect of aerosols on the radiative budget of our climate system is called 

aerosol-radiation interactions as per (IPCC, 2013). Aerosols absorb and scatter solar 

radiation depending on their optical properties and become indirectly climatically 

relevant when considering their contribution in the process of creating clouds, or in 

aerosol-cloud interactions (ACI), as they act as cloud condensation nuclei (CCN) 

(Kerminen et al., 2012). Clouds mostly reflect sunlight back into space based on their 

optical properties, and thus affect the radiative energy balance of our climate. A high 

number concentration of aerosols likely results in brighter clouds as the number of 

smaller sized droplets increases (Kulmala et al., 2004a), resulting in a net cooling, which 
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is possibly enhanced by increased scattering (Kulmala et al., 2004a). In fact, the largest 

uncertainty according to the latest IPCC reports is the radiative net effect of aerosols 

and clouds in a warming atmosphere (IPCC 2013), making aerosol research crucial to 

our understanding of the climate.  

A further indirect radiative effect due to aerosol-cloud interactions is simply the 

formation of new atmospheric aerosol particles, and any changes to it due to a warming 

climate. New particle formation (NPF) is observed globally and it contributes 

dominantly to aerosol particle number concentrations and thus indirect radiative effects. 

The precise mechanisms of NPF still eludes researchers, not only due to the inability to 

detect and speciate the compounds in ambient air that can have very low 

concentrations, but also due to incomplete theoretical understanding. It has been so far 

established however, that atmospheric nucleation begins with photochemical reactions 

in the gas phase, namely of sulfuric acid and other very low volatile vapours (Kulmala et 

al., 2013). Concurrently, there is competition for NPF as the pre-existing aerosol 

population acts as a sink for these vapours and nucleated clusters via coagulation 

(Kulmala et al., 2013). Aerosol formation seems to also be related to several 

meteorological parameters and phenomena, including the magnitude of solar radiation 

and atmospheric mixing processes such as the evolution of a continental boundary layer 

or the mixing of stratospheric and tropospheric air near the tropopause. For example, 

relative humidity (RH) has been observed to anti-correlate with continental new particle 

formation. (Hamed et. al 2011) found that at high RH, the diminished source term from 

H2SO4 and solar radiation was mainly the cause of this rather surprising finding. 

In particular, organic aerosols (OA) are very relevant as they represent a major mass 

fraction of sub-micron aerosols (Zhang et al. 2007, Jimenez et al. 2009) globally. OA is 

further separable by its source to primary organic aerosols (POA) and secondary organic 

aerosols (SOA). POA are emissions of organics directly from combustion sources whereas 
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SOA are formed by chemical transformation and condensation of volatile/semi-volatile 

species. Though most emissions of organic compounds to the atmosphere are gaseous, 

subsequent chemical reactions and transformation result in a vast number of species in 

aerosol form. Partitioning between the gas and aerosol phases in the atmosphere 

depends on the liquid- or solid-phase vapor pressure of the compound, whether it occurs 

as a pure substance or as a mixture in the aerosol phase, and its water solubility when 

the aerosol phase is primarily aqueous (Goldstein and Galbally, 2007). The lower the 

volatility at ambient temperature, the more the aerosol phase is favoured (Donahue et 

al. 2006). This stands true for altitude increases as well – vapour pressure decreases 

with temperature, so that at higher altitudes more compounds partition into the aerosol 

phase.  

 

In the recent past, the measurement and analytics of OA have presented major 

difficulties. Models have shown that SOA in particular are still underestimated by an 

order of magnitude or more (Volkamer et al., 2006). Currently, instrumentation has 

evolved in the field of atmospheric-pressure mass spectrometers to be able to 

continuously identify the molecular species in ambient air at high resolution (Junninen 

et al., 2010). This includes also neutral clusters if an ionisation mechanism is 

implemented. Yet, molecular-level information is still missing. The key questions 

include: What is the bulk density of atmospheric particles? What is the molecular 

composition of isomeric and isobaric compounds? Most high-resolution mass 

spectrometers are unable to answer these research questions, as the main output is 

merely a mass-to-charge (m/z) ratio. Notable exceptions include Orbitrap (Hu et al. 

2005), yet mobility is not captured with its native setup.  

By measuring the electrical mobility of these particles, as well as the molecular 

composition, these questions can be answered. This motivated the atmospheric science 
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community to combine mass spectrometry (MS) instruments with mobility instruments 

for measuring ambient aerosol and gas phases. An extensively well-defined and studied 

method, ion mobility spectrometry (IMS), has gained popularity in recent years due to 

its useful application in the fields of explosives detection and pharmaceutical compound 

analysis (Eiceman & Karpas, 2013). 

Recently, (Krechmer et al., 2016) used a commercially available IMS-tof-MS from 

Tofwerk, Switzerland, and electrospray and nitrate-ion ionisation for both online and 

offline analysis to identify organic species. Here, we instead use only electrospray 

ionisation (ESI) on ambient air in a rural boreal forest environment. 

The aim of this thesis is to investigate the viability of utilising mobility spectra from 

IMS coupled to an APiTOF for chemical composition analysis of cluster ions using 

electrospray-ionisation (ESI) and nitrate chemical ionisation (CI) on ambient data from 

Hyytiälä, Finland and to perform a calibration from known mobility sample chemicals. 

2 THEORY AND EXPERIMENTAL SETUP 

An Ion Mobility Spectrometer (IMS) is coupled to an APiTOF with Electrospray-

Ionisation (ESI) in the initial stage, followed by nitrate chemical ionisation (CI) with X-

rays as a source of ions responsible for chemical ionisation of the sample. Each stage will 

be discussed separately with the synthesis of instrumentation and underlying theory in 

the final section. 

2.1 ESI AS AN IONISATION MECHANISM 

In electrospray ionisation, a small liquid flow is nebulised into an aerosol through a 

capillary tube that is placed at high potential and provided stream of an inert gas or air 

at the needle tip. Ions formed from analyte molecules may be multiply charged. When 
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entering the drift tube, the formed ions encounter hot gas, which assists in the 

desolvation of the droplets. The solvent evaporates from a charged droplet until it 

becomes unstable upon reaching its Rayleigh limit. At this point, the droplet deforms as 

the electrostatic repulsion of like charges, in an ever-decreasing droplet size, becomes 

more powerful than the surface tension holding the droplet together. At that critical 

point, the droplet undergoes Coulomb fission, whereby the original droplet 'explodes' 

creating many smaller, more stable droplets. The new droplets undergo desolvation and 

subsequently further Coulomb fissions. During the fission, the droplet loses a small 

percentage of its mass (1.0–2.3%) along with a relatively large percentage of its charge 

(10–18%), (Li et al., 2005; Kebarle & Verkerk, 2009). 

ESI is a so-called 'soft ionisation' technique, since there is very little fragmentation 

(Eiceman & Karpas, 2013). This can be advantageous in the sense that the molecular 

ion is always observed, however very little structural information can be gained from 

the simple mass spectrum obtained. This disadvantage can be overcome by coupling ESI 

with tandem mass spectrometry (ESI-MS/MS). Another important advantage of ESI is 

that solution-phase information can be retained into the gas-phase (Eiceman & Karpas, 

2013). 

2.2 IMS TO EXTRACT MOBILITY SPECTRA 

IMS is built upon the principle of ion movement in the presence of a stable electrical 

field. The drift time, td, is proportional to its electrical mobility, K, and dependent on the 

temperature and pressure of the drift tube. 

𝐾 =
𝐿2

𝑈
                                  (1) 

Here, U is the applied electric field potential and L the effective length of the drift 

region. IMS separates ions in gas phase based on this property K, which is sensitive to 



9 

 

the shape and mass of the ion as well as ion-chemical interactions with the ambient air 

or buffer gas. To account for the temperature and pressure dependencies, as well the 

electrical field, it is common to use K0, the reduced mobility, which is normalised to base 

pressure p0 and temperature T0 and applied electric field potential U. 

𝐾0 = 𝐾
𝑇0

𝑇

𝑝

𝑝0
                              (2) 

Molecules in the sample are ionised and are injected into the drift region using an ion 

shutter. The ion swarm moves through the electrical field with voltage gradient U, 

towards a detector. Upon collision with detector, the ions are neutralised and the 

resulting current is converted into voltage. 

As IMS is based on electrical mobility and not polarity, it is not limited by solvent or 

column constraints, as are Liquid Chromatography (LC) or Gas Chromatography (GC). 

IMS offers species’ separation of isomeric and isobaric compounds that would otherwise 

not be possible with LC or GC. This has led IMS to be utilised in various applications, 

such as chemical agent, drug and explosives detection, medical uses as in protein, 

peptide and amino acid analysis and also Volatile Organic Compounds (VOCs) detection 

(Eiceman & Karpas, 2013). 

2.3 CI-APITOF FOR CHEMICAL COMPOSITION 

The CI-APi-TOF instrument consists of three main components: a chemical ionisation 

inlet (CI) (Jokinen et al., 2012), an atmospheric pressure interface (APi) and a time-of-

flight mass spectrometer (TOF) (Junninen et al.,2010). 
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Figure 1: A simplified instrumental setup diagram of APiTOF (Junninen et al.,2010). Diagram not drawn to 

scale. 

Clean air with nitric acid is exposed to alpha radiation from a radioactive source to 

create nitrate ions. The ionisation of the sample air occurs by a proton transfer between 

the sample molecule (MH) and NO3- or by clustering with NO3- as described below:    

(𝐻𝑁𝑂3)𝑛+1  → (𝐻𝑁𝑂3)𝑛 ∙𝑁𝑂3 − 

(𝐻𝑁𝑂3)𝑛 ∙ 𝑁𝑂3 − +𝑀𝐻 → (𝐻𝑁𝑂3)𝑛 +(𝐻𝑁𝑂3)+𝑀− 

→ (𝐻𝑁𝑂3)𝑛 + 𝑀 − ∙𝐻𝑁𝑂3    

The APiTOF is described extensively in (Junninen et al. 2010). The atmospheric 

pressure interface (APi) operates in atmospheric pressure and directs the sample ions to 

a time-of-flight mass spectrometer (TOF). Three chambers, each containing a turbo 
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pump, differentially pressurise the chambers. The final pressure in the TOF is typically 

10−6 mbar.  

2.4 IMS-CI-APITOF FINAL INSTRUMENTAL COMBINATION 

 

Figure 2: Simplified instrumental setup diagram of IMS-MS with ESI. The mass spectrometer used was a 

APiTOF with a custom nitrate ionisation inlet. Diagram not drawn to scale. 

 

A simplified schematic diagram of the instrument can be seen in Fig. 2. Ions are 

generated in two source configurations: in front of a 10 cm-long desolvation region (for 

ESI), and inside that same desolvation/reaction region (for chemical ionization sources). 

Ions are then pulsed through the ion gate and across a 25 cm-long drift region. The 

resistive glass drift tube has electrodes at each end across which a potential is applied. 

The monolithic resistive glass enables a homogenous change in potential across the 

length of the tube. A clean, dry nitrogen gas counter current flow is introduced from a 
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liquid N2 Dewar into the drift tube to induce ion-neutral collisions. At the end of the 

drift tube, a pinhole leads to two differentially-pumped quadrupole mass filters. After 

transfer through the quadrupoles, ions are pulsed into a Tofwerk HTOF TOF-MS where 

they are separated in time and detected by impact on a multi-channel plate (MCP).  

IMS separates on the millisecond timescale and thus couples well with time-of-flight 

(TOF; IMS-TOF) mass spectrometry, which operates on a microsecond timescale 

(Krechmer et al. 2016). IMS-TOF instruments can acquire multiple mass spectra for 

each ion mobility spectrum data point (Kanu et al., 2008).  

 

2.5 CALIBRATION USING TETRA-ALKYL-AMMONIUM HALIDES 

The actual or true length of the drift region differs from the effective length of the drift 

tube, due to the electrodynamics present in the instrumentational setup. The main 

factors for the deviation of the effective length and true length of the drift tube are: 1. 

the electrical field around IMS entrance gate and; 2. the time spent by ions in APi region 

of the APiTOF. Therefore, calculating an average true or theoretical length of the drift 

region based on reduced mobility values from literature to use as calibration, is 

required. The effective length of the drift region for a known reduced mobility is from 

the same equation for mobility, given by re-arranging the equation (1) and solving for L. 

(Ude & de la Mora, 2005) and (Viidanoja et al. 2005) provide reference reduced 

mobilities in air using ESI for many tetra-alkyl-ammonium halides. 

Therefore, our calibration compounds include THAB (tetra-heptyl ammonium bromide, 

m/z=410), TDDAB (tetra-dodecyl ammonium bromide, m/z=691), EMIBF4 (1-ethyl-3-

methylimidazolium tetrafluoroborate, m/z=111) and TBAB (tetra-butyl ammonium 

bromide, m/z=242). The calibration was repeated for different electrical voltage applied, 
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U, and two different temperature values T, 60° Celsius and 80° Celsius. For TBAB, the 

monomer reduced mobility value for TBAI (tetra-butyl ammonium iodide) was used 

instead, due to TBAB literature value not being available. The positive ion monomer in 

both are the same, thus not affecting the final mobility, in case of monomers. 

2.6 PARTICLE BULK DENSITY 
 

Density of aerosol particles is useful in aerosol physics for various reasons; it can be 

used to convert measured number distributions to mass distributions, and also convert 

Stokes diameter to aerodynamic diameter. It is difficult to accurately measure density 

however, of ambient air especially, due to not being able to fully characterise complex 

aerosols, in particular organic aerosols. For instance, it was already discussed how in a 

rural boreal forest, SOA and their precursors can only partly be identified, though these 

compounds likely number in the tens of thousands. Without the chemical composition of 

the sample, density can only be approximated. 

Furthermore, there have been several studies discussing the meaning of mass density 

for nano-size particles, mainly (Tammet, 1995). The problem lies in defining a discrete 

particle size for microscopic particles in the nano-meter range, where continuous 

coordinate functions are used (Tammet, 1995).  

The electrical mobility of a particle Z can be calculated using an updated empirical 

Stokes-Millikan equation with a Cunningham slip correction factor Cc. 

𝑍 =
𝑛 𝑒 𝐶𝑐

3𝜋 𝜂 𝐷𝑝
                         (3) 

This allows us to iterate to find the mobility mass diameter of a particle (Dm) when 

combined with measured electrical mobility from the IMS. 



14 

 

The constants and equations follow the recommendations in the ISO 15900 

standardization (also given in Wiedensohler et al., 2012 and freely available):  

Dynamic gas viscosity at 296.15 K and 1013.25 hPa:  

η0 = 1.83245 × 10−5 kg m−1 s −1  

𝜂 = 𝜂0 (
𝑇

𝑇0
)

3
2

(
𝑇0 + 110.4 𝐾

𝑇 + 110.4 𝐾
)                       (4) 

The mean free path for a particle in air, i.e. the average distance travelled by a particle 

between collisions with other particles, at 296.15 K and 1013.25 hPa:  

λ0 = 67.3 × 10−9 m 

𝜆 = 𝜆0 (
𝑇

𝑇0
)

2

(
𝑝

𝑝0
) (

𝑇0 + 110.4 𝐾

𝑇 + 110.4 𝐾
)                (5) 

Cunningham slip correction factor is used to account for non-continuum effects when the 

particle diameter Dp is similar or smaller than the mean free path of the suspending 

fluid (Seinfeld and Pandis, 2012): 

𝐶𝑐 = 1 +
2 × 𝜆

𝐷𝑝
(1.165 + 0.483 × 𝑒𝑥𝑝 (−0.997

𝐷𝑝

2 × 𝜆
))                            (6) 

Once the mobility mass diameter is known, density is computed simply as follows, 

assuming spherical particles. 

𝜌 =
6𝑚

𝜋𝐷𝑝
3                               (7) 

According to (Ku & de la Mora, 2009), the mass diameter based on bulk density is not 

the ‘true’ diameter, as bulk density fails to necessarily apply at the nano-meter range. 

Nevertheless, Dm has the benefits of being well-defined and measurable. A simple 

augment to the Stokes-Millikan law for Dp can be used to account for the finite diameter 
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Dg of the bath gas molecules (Dp=Dm+Dg). Here, as in prior literature (Ku & de la Mora, 

2009), we assume Dg=0.3nm in ambient air. 

2.7 ANALYSIS OF CLUSTERS FOR NEW PARTICLE FORMATION (NPF) 

EVENTS 
 

During the analysis, there will be several instances of various m/z with the same 

reduced mobility K0. In this study, this is interpreted as a cluster ion after the ESI 

stage. Any original ambient cluster information is still unidentified and uncertain, i.e. - 

these species entered the IMS clustered. What they were in the atmosphere is uncertain, 

as ESI changed that information – in addition to certainly the nitrate CI and X-Ray 

dissociating clusters. 

However, in keeping everything else constant, namely the instrumental setup, it is 

possible to use this ESI clustering information as an informative tool. After all, we can 

say that for NPF event days, compound m/z 339 was clustered with the following 

compounds when entering the IMS etc. whereas on non-event days the results might 

differ. Though not giving a true and exact picture of its atmospheric clustering, it might 

prove a useful research tool nevertheless. 

2.8 MEASUREMENT SITE HYYTIÄLÄ 
 

Hyytiälä is a rural site in central southern Finland ¨ (61◦510 N, 24◦170 E, 181 m a.s.l.). 

The measurements in Hyytiälä were performed at SMEAR II (Station for Measuring 

Ecosystem-Atmosphere Relations), (Hari & Kulmala, 2005) operated by the University 

of Helsinki. The station is located in a boreal coniferous forest consisting mainly of Scots 

pine (Pinus sylvestris L.). The biggest city nearby Hyytiälä, Tampere, is about 60 km 

from the site and has a population of about 200 000. 
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3 RESULTS AND DISCUSSION 

3.1 CALIBRATION RESULTS USING TETRA-ALKYL-AMMONIUM HALIDES 

A single calibrated theoretical length for the drift region was attempted based on 

utilising literature reduced mobility values. The objective of the calibration was to find a 

single factor to modify, to be as close as possible to the calculated literature reduced 

mobility values, as explained in Section 2.5.  

 

Figure 3: Calibration using tetra-alkyl-ammonium halides. The theoretical length of the drift region was 

calculated from literature reduced mobility values. Based on the lower temperature data (333K) an average 

for the length was determined to be ~19 cm. 

Figure 3 shows all monomers and one dimer (THAB) for different electrical voltage U 

applied, and in most cases for two different temperatures. At higher temperature, it is 
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possible there is some clustering from water vapour molecules at 80 degrees Celsius, 

explaining the generally lower theoretical length of the drift region at that temperature. 

Apart from the only dimer in the calibration setup (the THAB dimer m/z=886), the 

length exhibits a minimum for varying electrical field applied, U. The cause of this is 

still unclear, though length is theoretically related to U by a squared relationship. 

By simply taking the mean of these theoretical lengths at T=333K, discarding the 

T=353K values due to possible contamination clustering, we found L~=19 cm to 

calibrate our setup. 

3.2 MASS-MOBILITY RELATIONSHIPS AND PARTICLE BULK DENSITY 
 

The first step in obtaining reduced mobilities from the four-dimensional IMS data, is the 

identification of the highest peak of IMS Response signal to a particular mass-to-charge 

ratio (m/z). The four dimensions of the data include time, drift time, IMS Response 

Signal and mass-to-charge ratio m/z. 

Initially, we attempted to identify isomeric compounds as well. These compounds would 

have the same m/z but different mobilities.  
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Figure 4. IMS Response (arbitrary units) vs reduced mobility K0. Based on the correlogram of sulphuric acid 

compound m/z=97, correlating compounds are shown. The reduced mobility was assigned to each mass 

based on the highest IMS response above noise level. 

As can be seen in Fig. 4, there is a clear and distinct secondary peak observed for 

sulphuric acid (m/z=97), its isomer. Various automatic methods for identifying 

secondary peaks proved unsuccessful due to the large amount of noise present for most 

spectra, like those seen in Fig. 5 for compound m/z=339.  
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Figure 5. IMS Response (arbitrary units) vs reduced mobility K0. Based on the correlogram of the organic 

compound m/z=339, correlating compounds are shown. Automatic assignment of isomeric compound or 

secondary peaks proved too challenging due to very high noise levels. 

An algorithm was created to select a 2-hour window with the highest count of maximum 

IMS response signal for a given day, for the majority of compounds. Figure 6 shows the 

results of this algorithm. It can be seen that for sulphuric acid (m/z=97) and 

organonitrates (m/z = 339) the dominant signal is found in the morning, before noon. 

The purpose of the algorithm was merely to find the strongest signal for a given day. If 

daily data is not looked at, then naturally the algorithm is unnecessary. 
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Figure 6. IMS Response (arbitrary units) vs time of an example day for compounds m/z=97 and m/z=339. 

Correlating compounds are shown. An algorithm detects the highest IMS Response signal for a day and 

selects a 2-hour window to represent the day, based on having the most compounds peak in terms of signal. 

Reduced mobilities, K0, were calculated for all compounds, based on maximum IMS 

response for a given m/z. In addition, assuming spherical particles, the bulk density of 
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clusters was computed, as seen in Figures 7-9 for an example day’s algorithm-chosen 2-

hour time-resolution window. 

Regarding density, the values deviate from known densities by a factor of two or more. 

The reason for this is unclear, but it may be due to us measuring the bulk particle 

density instead of molecular density. 

 

Figure 7. Mass-to-charge (m/z) vs reduced mobility K0. No data points were filtered for this figure and it 

includes low IMS response signal values. 
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Figure 8. Mass-to-charge (m/z) vs reduced mobility K0, same as Figure 7. Low IMS response signal (<150 

arbitrary units) was filtered out. The area of the circle represents the magnitude of the IMS response signal. 

The density curves for 0.5 and 1.0 g/cm3 are also shown. 
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Figure 9. Calculated particle bulk density in g/cm3 for the measured m/z range for an example day. All 

compounds in this range fall below the bulk density of water. 

3.3 ANALYSIS OF CLUSTERS FOR NPF EVENTS 
 

Typically, there will be more than one m/z assigned to a particular reduced mobility. 

Figure 10 shows how compound m/z=339 and its correlating compounds, clustered on a 

particular event day. This analysis can be taken much further and comparisons to non-

event days can for example be made. For instance, only compounds m/z=259 and 339 

were commonly found in both events and non-events in this correlation group, whereas 

compounds m/z=309, 357, 362 and 464 were only found on event days and compounds 

m/z=61, 69, 348, 376, 379, 380 and 404 only on non-event days. Further chemical 

analysis needs to be done to fully utilise this data. 
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Figure 10. Reduced mobility K0 vs. mass-to-charge ratio m/z. Compounds with the same reduced mobility are 

linked with a line and are likely to be part of the same cluster when entering IMS. This analysis could 

potentially be used to identify how e.g. compound m/z=339 clusters on event days vs non-event days. 

 

 

4 CONCLUSIONS AND FUTURE WORK 

In this thesis, we combined a particular set of instrumentation for the very first time. 

An IMS was coupled with an APiTOF utilising ESI and a custom nitrate chemical 

ionisation (CI) inlet. This allowed us to analyse an additional dimension in the data, 

electrical mobility.  

We have shown that not only can this instrumental setup viably produce mobility 

spectra in addition to mass spectra, it can offer multiple advantages to utilising just a 
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normal mass spectrometer. Isomeric and isobaric compounds could potentially be 

identified, once an automated peak identification method is determined. Cluster level 

analysis can be attempted on NPF event and non-event days. Lastly, density can be 

computed knowing mobility and mass. 

Calibration was successful utilising known mobility chemicals, and an effective true 

length of the drift region was computed. This was then used to calculate reduced 

mobilities for all masses. Density was then obtained as well. 

Manual maintenance in the field, particularly with the ESI, does present some practical 

issues, however, as indicated by the campaign diary. Some of the common issues 

included manual cleaning of the ESI needle due to salt dirt. This was done on a daily 

basis for a period, hindering continuous measurements.  

Regardless, future work can build upon this first measurement campaign and its 

results. For example, this campaign was limited to two months in springtime. If the 

manual maintenance issues with ESI can be overcome, the additional seasonal data 

from running this tandem instrument might prove very illuminating for NPF, across the 

year. Coupled with the new tool linking mass and mobility for clusters, specific patterns 

during event and non-event days can be investigated to truly understand why NPF is 

triggered on certain days and not others. 

An automatic peak identification system for isomers and isobaric compounds should be 

attempted, as similar algorithms exist for many applications already, not least in 

tofTools by Heikki Junninen for APiTOF. Though unsuccessful for this thesis, it was 

mostly due to time constraints. 

Experimentation using different solvents might be warranted in the laboratory, though 

NaCl showed promising results. 
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The calibration with known mobility chemicals was so successful, it is recommended it is 

continued as is in the future. 

 

 

5 REFERENCES 

Boucher, O. (2015). Atmospheric Aerosols. In Atmospheric Aerosols (pp. 9-24). Springer 

Netherlands. 

Brunekreef, B., & Holgate, S. T. (2002). Air pollution and health. The lancet, 360(9341), 

1233-1242. 

Donahue, N. M., Robinson, A. L., Stanier, C. O., & Pandis, S. N. (2006). Coupled 

partitioning, dilution, and chemical aging of semivolatile organics. Environmental 

Science & Technology, 40(8), 2635-2643. 

Eiceman, G. A., Karpas, Z., & Hill Jr, H. H. (2013). Ion mobility spectrometry. CRC 

press. 

Goldstein, A. H., & Galbally, I. E. (2007). Known and unexplored organic constituents in 

the earth's atmosphere. 

Hamed, A., Korhonen, H., Sihto, S. L., Joutsensaari, J., Järvinen, H., Petäjä, T., ... & 

Lehtinen, K. E. (2011). The role of relative humidity in continental new particle 

formation. Journal of Geophysical Research: Atmospheres, 116(D3). 

Hari, P. and Kulmala, M.: Station for measuring ecosystematmosphere relations 

(SMEAR II), Boreal Environ. Res., 10, 315–322, 2005. 

Hallquist, M., Wenger, J. C., Baltensperger, U., Rudich, Y., Simpson, D., Claeys, M., ... 

& Hamilton, J. F. (2009). The formation, properties and impact of secondary organic 

aerosol: current and emerging issues. Atmospheric chemistry and physics, 9(14), 5155-

5236. 

Hu, Q., Noll, R. J., Li, H., Makarov, A., Hardman, M., & Graham Cooks, R. (2005). The 

Orbitrap: a new mass spectrometer. Journal of mass spectrometry, 40(4), 430-443. 

Jimenez, J. L., Canagaratna, M. R., Donahue, N. M., Prevot, A. S. H., Zhang, Q., Kroll, 

J. H., ... & Aiken, A. C. (2009). Evolution of organic aerosols in the 

atmosphere. science, 326(5959), 1525-1529. 

Jokinen, T., Sipilä, M., Junninen, H., Ehn, M., Lönn, G., Hakala, J., ... & Worsnop, D. R. 

(2012). Atmospheric sulphuric acid and neutral cluster measurements using CI-APi-

TOF. Atmospheric Chemistry and Physics, 12(9), 4117-4125. 

Junninen, H., Ehn, M., Petäjä, T., Luosujärvi, L., Kotiaho, T., Kostiainen, R., ... & 

Worsnop, D. R. (2010). A high-resolution mass spectrometer to measure atmospheric ion 

composition. Atmospheric Measurement Techniques, 3(4), 1039-1053. 



27 

 

Intergovernmental panel on climate change (IPCC): Climate change 2013: The physical 

science basis: Contribution to the fifth assessment report of the IPCC. Cambridge 

University Press, Cambridge (2013) 

Kebarle, P., & Verkerk, U. H. (2009). Electrospray: from ions in solution to ions in the 

gas phase, what we know now. Mass spectrometry reviews, 28(6), 898-917. 

Krechmer, J. E., Lambe, A. T., Kimmel, J. R., Cubison, M. J., Budisulistiorini, S. H., 

Surratt, J. D., ... & Canagaratna, M. R. (2016). Ion mobility spectrometry-mass 

spectrometry (IMS-MS) for on-and offline analysis of atmospheric gas and aerosol 

species. Atmospheric Measurement Techniques, 9(7), 3245. 

Ku, B. K., & de la Mora, J. F. (2009). Relation between electrical mobility, mass, and 

size for nanodrops 1–6.5 nm in diameter in air. Aerosol Science and Technology, 43(3), 

241-249. 

Kulmala, M., Petäjä, T., Ehn, M., Thornton, J., Sipilä, M., Worsnop, D. R., & Kerminen, 

V. M. (2014). Chemistry of atmospheric nucleation: on the recent advances on precursor 

characterization and atmospheric cluster composition in connection with atmospheric 

new particle formation. Annual review of physical chemistry, 65, 21-37. 

Li, K. Y., Tu, H., & Ray, A. K. (2005). Charge limits on droplets during 

evaporation. Langmuir, 21(9), 3786-3794. 

Maißer, A., Thomas, J. M., Larriba-Andaluz, C., He, S., & Hogan, C. J. (2015). The 

mass–mobility distributions of ions produced by a Po-210 source in air. Journal of 

Aerosol Science, 90, 36-50. 

McMurry, P. H., Wang, X., Park, K., & Ehara, K. (2002). The relationship between mass 

and mobility for atmospheric particles: A new technique for measuring particle 

density. Aerosol Science & Technology, 36(2), 227-238. 

Seinfeld, J. H., & Pandis, S. N. (2012). Atmospheric chemistry and physics: from air 

pollution to climate change. John Wiley & Sons. 

Tammet, H. (1995). Size and mobility of nanometer particles, clusters and ions. Journal 

of Aerosol Science, 26(3), 459-475. 

Ude, S., & De la Mora, J. F. (2005). Molecular monodisperse mobility and mass 

standards from electrosprays of tetra-alkyl ammonium halides. Journal of aerosol 

science, 36(10), 1224-1237. 

Viidanoja, J., Sysoev, A., Adamov, A., & Kotiaho, T. (2005). Tetraalkylammonium 

halides as chemical standards for positive electrospray ionization with ion mobility 

spectrometry/mass spectrometry. Rapid communications in mass spectrometry, 19(21), 

3051-3055. 

von Klot, S., Peters, A., Aalto, P., Bellander, T., Berglind, N., D’Ippoliti, D., ... & Löwel, 

H. (2005). Ambient air pollution is associated with increased risk of hospital cardiac 

readmissions of myocardial infarction survivors in five European 

cities. Circulation, 112(20), 3073-3079. 

Wiedensohler, A., Birmili, W., Nowak, A., Sonntag, A., Weinhold, K., Merkel, M., ... & 

Fjæraa, A. M. (2012). Mobility particle size spectrometers: harmonization of technical 

standards and data structure to facilitate high quality long-term observations of 

atmospheric particle number size distributions. Atmospheric Measurement 

Techniques, 5, 657-685. 



28 

 

Zhang, Q., Jimenez, J. L., Canagaratna, M. R., Allan, J. D., Coe, H., Ulbrich, I., ... & 

Dzepina, K. (2007). Ubiquity and dominance of oxygenated species in organic aerosols in 

anthropogenically‐influenced Northern Hemisphere midlatitudes. Geophysical Research 

Letters, 34(13). 

 

 


