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1. Highlights 19 

• We have created, GLOVOCS, a master compound assignment guide that can be referred to by PTR-20 
MS practitioners.  21 

• GLOVOCS is aimed to help in advancing science of VOCs by facilitating the research of multiple 22 
groups using PTR-MS. 23 

• GLOVOCS, accessible at http://glovocs.creaf.cat, is a collaborative tool where users can both consult 24 
and contribute to. 25 
 26 

2. Abstract 27 

The richness of measurements obtained by Proton-Transfer Reactions Mass Spectrometry (PTR-MS) has 28 
opened a new paradigm for the quantification of volatile organic compounds (VOCs). A wide range of 29 

compounds can be monitored, however, each detected signal is subject to a compound assignment instead of 30 
actual identification because PTR techniques are mass-selective and isomers cannot be separately measured. 31 

Thus, rapid development in the field requests continued community efforts to identify compounds. In this study 32 
we have reviewed the available literature and created a master compound assignment guide called GLOVOCS 33 

that can be referred to by PTR-MS practitioners. GLOVOCS is aimed to help in advancing science of VOCs by 34 
facilitating the research of multiple groups using PTR-MS to monitor VOCs and to disentangle the physical, 35 
chemical and biological mechanisms underlying their production, emission and impact on environment and 36 

organisms from bacteria to humans. The guide is freely accessible at http://glovocs.creaf.cat as a collaborative 37 
tool, where users can both consult and contribute to the identification of VOCs by providing possible candidates 38 
for all chemical formulas from 18 to 330 atomic mass units. When available, we indicate if there is evidence for 39 

biogenic or anthropogenic VOC origin, as well as grouping the compounds based on the Classyfire 40 
chemotaxonomic classification (Djoumbou Feunang et al., 2016). While GLOVOCS aims to facilitate the first 41 

assessment and consistent classification of compounds, we highly recommend further cross-validation for 42 
verifying compounds when using PTR-MS techniques. 43 

Keywords: VOC, PTR-MS, PTR-TOF-MS, quadrupole, time of flight, compound assignment 44 

3. Introduction 45 
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The study of volatile organic compounds (VOCs) has increased considerably over the past two decades, 46 
expanding to many disciplines such as atmospheric science (Karl et al., 2018), plant science (Fasbender 47 
et al., 2018), ecology (Achotegui-Castells et al., 2016), microbiology (J. Peñuelas et al., 2014; Josep 48 
Peñuelas et al., 2014), global change science (Peñuelas and Staudt, 2010), medical science (Beauchamp 49 
et al., 2013), food science (Zardin et al., 2014), and even human physiological responses to emotions 50 
(Stönner et al., 2018; Williams et al., 2016). Studies of VOCs are challenging, because these compounds 51 
are commonly present at very low concentrations, and their measurement and identification are 52 
complicated. Gas chromatographic techniques can accurately identify compounds but they have the 53 
disadvantage of requiring sample pre-concentration and generally time-consuming offline analysis. 54 

Analytical techniques such as proton transfer reaction mass spectrometry (PTR-MS; Lindinger et al. 55 
(1998), Ionicon Analytik, Austria) and selected-ion flow-tube mass spectrometry (SIFT-MS; Smith and 56 
Španěl, (2005), Syft Technologies, New Zealand) were developed and became commercially available 57 
two decades ago. While first versions were based on quadrupole mass analysers, more sophisticated 58 
versions appeared later, such as proton transfer reaction time-of-flight mass spectrometry (PTR-ToF-59 
MS; Jordan et al. (2009), Ionicon Analytik, Austria), VOCUS PTR-ToF-MS (Krechmer et al. (2018), 60 
TOFWERK AG, Switzerland) and PTR3-ToF-MS (Breitenlechner et al., 2017).  These instruments 61 
perform rapid and highly sensitive measurements using soft chemical ionisation to simultaneously 62 
monitor a range of VOCs in air. This low-energy ionisation results in relatively low levels of molecular 63 
fragmentation. The technique is based on the protonation of VOC molecules by hydronium ions (H3O+) 64 
formed at high density in an ion source with a hollow cathode. VOCs in an air sample are then 65 
protonated in reactions with the hydronium ions in a drift tube under the influence of an electric field, 66 
producing water clusters as a by-product. This process, however, may differ amongst instruments 67 
(Holzinger et al., 2019). The protonated ions are mass separated and detected, which can also vary 68 
amongst instruments. The quadrupole and ToF are the most common mass spectrometers used in PTR-69 
MS instruments, differing mainly in mass resolving power and the number of ions that can be measured 70 
simultaneously with high time resolution. The resolution of PTR-MS systems is given by the ratio of 71 
the mass-to-charge ratio (m/z) to its full width at half maximum (FWHM) (Stark et al., 2015). The 72 
quadrupole mass spectrometer has a resolution of 300 m/Δm (i.e. can separate one full mass at a time), 73 
while the ToF-MS can currently resolve up to 14000 m/Δm, depending on the instrument (i.e. resolving 74 
masses up to the fourth decimal digit).  75 

These analytical techniques measure a wide range of compounds, but with some limitations. Only 76 
compounds with proton affinities higher than water can be properly protonated. However, this is an 77 
advantage for measuring air samples: the sampled air acts as the carrier gas of the sample, because its 78 
major components (nitrogen, oxygen, argon, carbon dioxide and methane) have a lower proton affinity 79 
than water. Fragments or water clusters can be formed on multiple occasions, adding complexity to data 80 
interpretation. The most important limitation of these techniques is nonetheless their mass selectivity, 81 
since compounds with the same mass contribute to the same spectral peak. This limitation inhibits the 82 
identification of compounds. Many compounds, like monoterpenes, often have the same molecular 83 
formula, including isomers and enantiomers. Assigning compounds identities thus becomes difficult, 84 
with the need to cross-validate the techniques, such as Gas Chromatography Mass Spectrometry. 85 
Additionally, it is worth mentioning that PTR-MS technology is capable of using other ionization modes 86 
with primary ions, such as NO+ or O2

+, that can resolve some mass identities (Liu et al., 2013), but we 87 
restrict this dataset to H3O+. 88 

The purpose of this study is to construct a guide, named GLOVOCS, to provide a collaborative tool in 89 
the form of a master list of assigned compounds for users of PTR-MS systems to aid with mass 90 
assignment and therefore data interpretation. We additionally provide classification of the compounds 91 
based on the Classyfire database in order to standardise VOC groups. This database provides chemical 92 
taxonomy up to 11 levels, such as Kingdom, SuperClass, Class and SubClass, by using a computable 93 



structure-based chemical taxonomy (ChemOnt), and the computer program (ClassyFire) that uses only 94 
chemical structures and structural features (Djoumbou Feunang et al., 2016). 95 

4. Data sources 96 

We reviewed all available PTR-MS compound lists to date and merged several published tables for 97 
mass assignment that used PTR techniques. Each available compound and molecular formula was 98 
cross-checked against the NIST Webbook (https://webbook.nist.gov/chemistry/). Molecular formulas 99 
or compounds not available on this platform were verified using either PubChem 100 
(https://pubchem.ncbi.nlm.nih.gov/) and/or ChemSpider (http://www.chemspider.com/).  101 

The guide provides a list of protonated ion masses (M.H+ in the guide) related to protonation of H3O+ 102 
primary ions, along with neutral formulas. For each formula, we provide options from single to multiple 103 
assignments for compound candidates, including typically used synonyms. For example, acetone 104 
(C3H6O, M.H+ 59.05) is also known as 2-propanone, which is stated in the “synonyms” column. 105 

We additionally classify each ion based on their nature of being a parent ion (protonated compound 106 
without further), a fragment ion (signals from compound fragment from fragmented compounds upon 107 
protonation) or a water cluster (compounds that have bonded with a water molecule upon protonation). 108 
For example, total monoterpenes can be monitored both at the parent mass (m/z 137.13) and the 109 
fragment mass (m/z 81.07) (Tani, 2013); or alcohols such as the diterpenoid cis-abienol (C20H34O) tend 110 
to dehydrate when protonated, so they are monitored as M.H+ - H2O. Thus, cis-abienol major derived 111 
signal is detected at (C20H32)H+ (Jud et al., 2016). We also included some masses normally monitored 112 
as instrument performance parameters, such as m/z 29.99, which measures nitrogen oxide impurities in 113 
the system, and is typically below 0.05% of the primary ions, or m/z 32.99, which measures the oxygen 114 
impurities and is typically below 5% of the primary ion.  115 

Furthermore, the diverse classifications of VOCs provided by different authors is a recurrent problem 116 
in the literature. We include International Chemical Identifier key (InChlKey) for each VOC and 117 
provide a classification based on the Classyfire chemotaxonomic library (Djoumbou Feunang et al., 118 
2016) to standardise VOC grouping. This information, however, is only an extension to our mass 119 
identification guide. By providing bibliographic records of biogenic and anthropogenic measurements 120 
of such compounds, when available, we aim to further assist the user in the mass identification.  121 

5. GLOVOCS structure 122 

The complete master compound assignment guide is available at http://glovocs.creaf.cat. GLOVOCS 123 
contains >2000 entries up to 329.84 Da, the parent ion for diiodobenzene, a compound not typically 124 
found in nature that is currently used in some PTR-MS instruments as an internal mass standard for 125 
PTR-ToF-MS (Yáñez-Serrano et al., 2018).   126 

GLOVOCS includes information of recent efforts, such as the recent mass list by Pagonis et al., (2019) 127 
summarizing publications that made a conclusive connection between a specific VOC and a detected 128 
ion. Moreover, GLOVOCS provides a wide range of proven and possible compound assignments and 129 
includes considerably more compounds. As such, it can form the basis for the interpretation of mass 130 
spectra and for the construction of a mass list for peak integration in high-resolution mass spectrometry. 131 
When available, the proposed compound identification is referenced for both PTR-MS and PTR-TOF-132 
MS techniques by a hyperlink with the DOI information. Additional references can be found appended 133 
to GLOVOCS. There are cases where literature is not available, such as for compounds that have not 134 
been reported previously. In such cases, identification must performed with care, using the guide as a 135 
merely orientative approach. In addition, as GLOVOCS targets instrument users rather than developers, 136 
we provide further information about the possible origin (i.e. biogenic or anthropogenic) of the 137 
compound. This guide provides at least one possible contributor for each compound formula but does 138 
not contain all possible available compounds (Figure 1).   139 
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The key feature of GLOVOCS is its collaborative aim, where users can contribute and expand it at 140 
http://glovocs.creaf.cat. On this website, the guide itself, information about GLOVOCS and a contact 141 
form can be found. In particular, the contact form is for users to add or modify the entries in the guide. 142 
This addition will be done by the webpage administrator after careful bibliographic verification, 143 
creating a version based name of the guide for each update. 144 

While consulting GLOVOCS, the user should consider possible heavier isotopes, fragments or water 145 
clusters and other possible abundant compounds. For example, monitoring toluene and monoterpenes 146 
simultaneously with PTR-ToF-MS is analytically challenging. For example, p-cymene (C10H14) is an 147 
aromatic monoterpene that fragments to C7H9

+, coinciding with the toluene signal. Compound cross-148 
validation with other available techniques such as Gas Chromatography Mass Spectrometry will thus 149 
remain important to confirm that the mass monitored with PTR-MS corresponds to the reported 150 
compound.  151 

The volatility of a compound is another factor to consider when using this guide. The common physical 152 
state of a compound may not be an indicator of its detectability using PTR techniques. For instance, the 153 
common state of the diterpene kaurene (C20H32) is solid, but gaseous emissions have been measured 154 
(Yáñez-Serrano et al., 2018). In this way, new discoveries of compound emissions can be made.  155 

 156 

Figure 1: Example of the guide. The information here shown is provided for all masses in the range 157 
from 18 to 330 Da. The blue rows represent water clusters, the purple row represent fragments and the 158 
green rows represent masses normally monitored as instrument performance parameters. 159 

GLOVOCS also counts with a chemical taxonomy classification of the VOCs reported in order to 160 
standardise VOC groups. It classifies compounds by using a computable structure-based chemical 161 
taxonomy (ChemOnt), and the computer program (ClassyFire) that uses only chemical structures and 162 
structural features (Djoumbou Feunang et al., 2016). Figure 2 shows the different contributions to the 163 
Superclass level (i.e. second level) for all the different compounds reported in the guide, including 164 
compounds with the same formula. The most abundant groups are the benzenoid and organic 165 
heterocyclic compounds (19 % each), followed by the organic oxygen compounds (16%).  166 
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 167 

Figure 2: Pie chart of the Superclass level compound types from Classifyre available in the Master 168 
compound assignment guide for PTR users.  The groups found are: benzenoids compounds, organic 169 
heterocyclic compounds, organic oxygen compounds, organic nitrogen compounds, organic acid 170 
compounds, lipid compounds, hydrocarbon compounds, organic sulfur compounds, organic halogen 171 
compounds, organic 1,3-dipolar compounds, inorganics and others. 172 

6. Conclusions 173 

GLOVOCS is a master compound assignment guide for PTR-MS users that aims to assist the analysis 174 
and interpretation of PTR-MS spectra. Cross-validation is highly desirable when performing PTR-MS 175 
analysis. We established an open, freely accessible database for compound assignment, where 176 
compounds can be added or corrected after verification, as a community collaborative tool. A 177 
continually growing, well-referenced guide for compound assignment can thus be a useful tool, with 178 
worldwide environmental applications in an open-access format.  179 
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