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Abstract
The situation is briefly summarized, on headlines, regarding trace amount analysis of unknown molecular species, in complex samples
meaning with many up to thousands of components. Whereas for molecular weights up till about 500 Da it is often possible to establish a single
unique chemical formula, for higher molecular weights this still poses serious challenges. Also, structure elucidation is far from trivial, unless
enough can be collected for NMR studies. Proper quantification remains what is probably the biggest challenge because of the lack of methods
to collect (close to) 100% of each individual species. What we need to characterize and quantify these samples are additional approaches
implemented in a workflow. One of these is the elimination approach, i.e., which potential options for structures are excluded. But as it is not to be
expected that single technique will or can be developed up to the required level, combining and further integration of available tools, e.g., those
mentioned in this mini review, including data management and manipulation seems the way forward.
Keywords: Trace amounts organics; Chemical analysis; Mass spectrometry; NMR; Identification; Quantification; Data processing

Featured Application
The untargeted identification and quantification of trace
amounts of unkown molecular species in a range of highly relevant
areas including water quality c.q. water pollution, the presence of
toxic species including those resulting from metabolism in soil or
otherwise, forensics, the purity and safety of products for human
or animal consumption including pharmaceutical products, and
finally the understanding of by-product formation in chemical
processes with the aim to better process understanding and
leading to process optimization with less waste. Adequate analysis
can have implications for legal actions, e.g., permissions for
product-sale or production units (emissions).

Introduction

The untargeted identification and quantification of trace
amounts of unknown molecular species is still a serious challenge
for analytical chemistry. Trace level analysis is generally understood
as the analysis of very small amounts of elements or compounds
at the less than 0.01 percent or 10 ppm concentration levels. In,
e.g., wastewater streams by experience one can find a thousand
species or more at very low concentration, difficult to identify
and quantify. Because of the large number of these minority
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compounds individual concentration levels are expected to be
really very low. Identification is, however, of importance in many
highly relevant areas including water quality c.q. water pollution,
the toxicity of species including those resulting from metabolism
in soil or otherwise, forensics, samples with extreme number of
chemical entities such as crude oil (>20,000), the purity including
safety of products for human or animal consumption including
pharmaceutical ingredients, and finally the understanding of
by product formation in chemical processes to enable a better
understanding and subsequent optimization of the processes.
Untargeted means we are looking to in essence all chemicals
present, or at least a very large number of these. For targeted
analysis, focusing on one or a few specific chemicals, usually
dedicated analytical methods are available. For untargeted
trace elemental analysis (metal atoms) one has the well-known
Inductively Coupled Plasma Mass Spectrometry (ICP-MS)
technique allowing for detection down to the ppt levels and an
extremely large dynamic range of 12 order of magnitude [1]. For
the untargeted analysis of organics, we need high mass accuracy
Mass Spectrometry to identify the chemical formula. A serious
problem in non-targeted analysis is the data processing, as we will
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have many species in quite complex mixtures, for which recently
protocols are being proposed [2]. Non-targeted methods are
becoming more and more important related to the application
fields named before.

The present contribution is an introduction to the theme and
a brief overview on current issues and solutions, also based on
the author’s more than three decades of experience in both the
academic and the industrial sector. Whereas it is by no means
claimed to be exhaustive it will hopefully act as an incentive for
others to contribute to this Special Issue and we hope to see how
this problem, where there is no general approach guaranteeing
success, could be approached.
The question about identification and quantification can be
broken down into the following elements:
(1) Identification of the gross chemical formula

(2) Identification of the chemical structure

(3) Quantification

Applying standard traditional GC-MS or LC-MS is a good
approach assuming certain conditions are fulfilled. One either
needs to have enough of the unknown species to characterize both
structure (2) and quantity (3) by applying NMR spectroscopy, or
one must be very confident about the species one expects and, e.g.,
known values for retention time and molecular mass are available
and can be related to the structure whereas the quantity (3) can be
estimated by applying a UV-detector using an available calibration
curve. For instance, when degradation products are known or
when characterizing certain drugs, this is a valid approach, see e.g.,
Zhu et al. [3]. Another tool often used is a data base comprising
molecular masses and structures; for GC-MS such data bases have
been around for quite a while.

However, when we do not know with certainty what species
we can expect, the only ones suggested by such a tool are those
present in the data base. Sasaki et al. [4] have phrased this as
‘elucidation experts must proceed with caution when using a
priori knowledge. While in most cases knowledge of starting
materials, assumed chemistry, and related impurities generally
proves to assist in the interpretation, it can sometimes bias even
the most experienced elucidators, causing a mis-characterization.’
So first, one has no certainty, secondly this is not a realistic toolbox
for samples which contain hundreds if not thousands of different
molecular species. In this context it is also to be realized that
there are more than 1 billion organic molecules with 13 nonhydrogen atoms (the GDB data base, see [5]), not to think about
larger species. As we will see later, modern mass spectrometer can
uniquely determine the molecular formula up to a mass of around
500, and as these comprise up to more than 13 non-hydrogen
atoms we are really talking about billions of possible different
molecular structures.
In the first part below, we address the chemical formula and
chemical structure for which, at least for quite a few species,
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adequate tools are available. In the second part we touch the issue
of quantification where there are gaps to close. For industrial
research as well as analysis related to, e.g., toxicity, quantification
is of eminent importance.

Molecular Identification

Chemical formula (Atomic composition)
As indicated in the Introduction, this theme comprises two
parts: determining (1) the molecular formula and determining
(2) the molecular structure. These need to be discussed
separately as the molecular formula can be established more
easily, whereas determination of the structure is much more
problematic and requires different tools. The chemical formula
can be determined by applying high accuracy mass spectrometry,
e.g., FT-ICR-MS (Fourier-Transform-Ion-Cyclotron-ResonanceMass-Spectrometry) or the smaller and easier to handle Orbitrap.
Both instruments can achieve a sub-ppm mass accuracy and a
maximum resolution of 1,000,000 at m/z 200. An impressive
demonstration of what these instruments can bring was shown by
an FT-ICR-MS study reported by Krajewski et al. [6] on a volcanic
asphalt sample. Data acquisition from a specified but restricted
mass segment contained 170 000 peaks for which 126 264 unique
elemental compositions could be assigned.
To determine the chemical formula in mixtures one may
also apply direct injection MS without an initial separation step
by chromatography. As Mass Spectrometry is usually highly
sensitive, one can determine the chemical formula of substances
often at concentrations at sub-ppb level, sufficient for almost
all applications. For many organic species up till a molecular
mass of approximately 500 Da it is possible to determine the
atomic composition uniquely. We will illustrate this with a
concrete example, in which experiment revealed a species with
molecular mass 325.14278. Despite the high mass accuracy, this
experimentally determined mass is not sufficiently accurate to
uniquely determine the molecular formula. Setting the tolerance
(maximum difference between experimentally determined value
and calculated value on basis of molecular formula) at 1 ppm,
there are five possible formulas when excluding metal atoms.
Formula Accuracy (ppm)
1. C12H25O6N2S - 0.016

2. C15H22O2N4Cl - 0.614
3. C11H24NNaP2 - 0.655
4. C16H22ON4K - 0.797

5. C7H22ON10PS - 0.961

All 5 species are potential formula based on the accuracy of the
FT-ICR-MS instrument employed. Therefore, we generally need to
use, in addition to the gross mass, the isotope ratios. Using the
natural abundance of 1.1 % of 13C, the intensity ratio of the 13C/12C
peaks in the mass spectrum yields the number of carbon atoms in
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the species, and when the calculated ratio cannot be determined
sufficiently accurate it at least excludes several possible formulae.
For chlorine, the natural abundance is 24% for 37Cl versus 35Cl, so
the ratio of those peaks in the mass spectrum will immediately
indicate whether formula 2 is either to be excluded or the correct
hit. With 34S having an abundance of approximately 4% compared
to 32S, the five-formula presented, and the various isotope ratios
revealed that the number 1, C12H25O6N2S, is the correct chemical
formula for the species detected. This one happens to have the
smallest deviation from the theoretical mass of all five potential
species, -0.016 ppm, but that is just a coincidence and not the
reason for the correct assignment.

When we take an example with a mass clearly larger than 600,
in the present example 679.51145, we find 159 propositions for
the chemical formula.
Formula		

1. C4H3ONKNaP7S10		

Accuracy (ppm)
0.007

2. C46H68N2P			

0.023

4. C4H4ONCl9KNaP3S4		

0.029

3. C25H68ON16KS		

5. C7HONCl7KP7S2		

0.026

0.030 and 155 more within
1 ppm accuracy.

After analysis of the isotope ratios of Cl and S it could be
concluded that there is no Cl atom present and no more than two
S atoms are present, leading to a reduced number of 16 chemical
formulae each of which is still a potential candidate. One may
subsequently invoke the so-called 7 Golden Rules introduced
by Kind and Fiehn [7]. These are heuristic rules which were
developed as an additional tool in structure elucidation of small
molecules, although it is no guarantee to find the correct formula.
These rules have been implemented into an algorithm which
filters molecular formula and is available as a software tool which
can be downloaded for free [8]. In essence it first ranks possible
formula according to isotopic patterns and then limits these
formulae by their presence in large public chemical databases. For
further details we refer to the original paper by Kind and Fiehn [6]
which is very useful to read as it provides interesting information
regarding, e.g., the explosion of the number of possible molecular
formulae with increasing molecular mass. When applying all 7
Golden Rules to the 16 molecular formula, all rules were passed
successfully implying no discrimination was possible. Moreover,
none of the potential 16 formulae were present in the data base
and consequently no unique formula could be assigned.
Another example of using a data base of chemicals after
applying GC-MS reported by Orlov et al. [9] (the risks were
mentioned above) gave further insight onto the possible molecular
structures. However, as the number of potential formulae rises in a
strong and non-linear way with increasing molecular mass, we will
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end up with a considerable number of potential candidates after
applying the 7 Golden Rules. Moreover, the number of compounds
in the public data bases decrease significantly with increasing
molecular mass (see Kind and Fiehn). Thus, the most important
tool we have remains a MS instrument with the highest possible
mass accuracy in conjunction with an accurate determination of
the various isotope ratios.

Chemical structure

Whereas methods including X-ray diffraction, IR and Raman
spectroscopy may provide very useful information, the method
par excellence for chemical structure determination of organics is.
This methodology has been developed successively over several
decades with continuous improvements. Thus, we do not need
to discuss this to any extent but refer to a selection of essential
references. A recent review [10] provides a good introduction
and overview over recent developments, and although the title
refers to metabolomics it deals with the techniques relevant to the
identification of unknowns. Mikhail Elyashberg, who has worked
very long in the field of NMR-related structure elucidation tools, has
extensively reported on what later became known as ComputerAssisted Structure Elucidation (CASE) [11]. Whereas an expert
system for the automatic atom-to-peak or multiple assignment of
1
H-NMR spectra can be invoked, in addition 2D-NMR spectra are
required to unambiguously assign molecular structure. This may
require a larger set of NMR spectra including 1D 1H NMR, 1D 13C
NMR, 2D multiplicity-edited-(1H−13C) HSQC, 2D (1H−13C) HMBC
and (1H−1H) COSY.
Despite all these experimental data provide a lot of information
on the structural aspects of the molecule under investigation,
e.g., atom-atom distances, for an unambiguous assignment
computational chemistry tools are required to evaluate theoretical
NMR parameters for assigning and confirmation of the correct
molecular structure. These tools might be (semi-)empirical
methods or ab initio quantum methods. A highly adequate and
recent overview, including its historic development, was provided
by Elyashberg and Argyropoulos [12]. The methodology has been
turned into a software tool CASE marketed by ACD Labs. Their
website also contains a series of examples of structure elucidations
of non-trivial molecules using the CASE methodology [13]. In his
2015 paper Elyashberg wrote at the end ‘The author believes
that soon, CASE will become a routine analytical tool, which will
serve as an integral part of any NMR spectrometer’. Interestingly,
recently the use of this kind of software has been demonstrated
for use in an undergraduate organic chemistry class [14]. This
demonstrates the level of implementation for a broad use of
these tools. Alternatively, the Bruker Company has developed the
Complete Molecular Confidence (CMC) concept which comprises
a fully integrated NMR/LC-MS based solution. This development
also has a history of a decade or more, see e.g., Thiele et al. [15].
Bruker has also developed this into a software suite for complete
data analysis [16].
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Whereas structure elucidation based on NMR data is
meanwhile well-developed, characterization of trace amounts is
hampered by a lack of sensitivity at very low concentration. The
highest sensitivity is achieved using a cryoprobe, e.g., Bruker
Biospin’s 1.7mm TCI MicroCryoProbe™. For structure elucidation
involving 2D-NMR measurements the limit of detection is of
the order of 10 ppm. For trace amounts, the concentration with
which a compound leaves the LC column, including the eluent,
is commonly far too low to allow for NMR measurements. This
problem can be circumvented by using Solid-Phase-Extraction
(SPE) along with LC and NMR. This has been round for around two
decades now, see e.g., Godejohann et al. and references therein
[17]. There are plenty of other references that can be easily found
by searching for LC-SPE-NMR.

When it is not possible to concentrate the species of interest
up to the required, a possible approach to discriminate between
potential structures is to invoke Ion Mobility Mass Spectrometry
[18]. This technique measures the drift-time of an ion, which in
turn can be used to calculate the Collisional Cross Section (CCS)
as the drift time primarily depends on the cross section of a
molecule. This is not a new technique, but the power to elucidate
chemical structures became facilitated by applying molecular
simulation enabling a comparison between experimental cross
section and computed cross sections for various potential
molecular structures. One may invoke classical molecular
simulations to calculate this cross section by applying the freely
available software tools named MOBCAL [19] or the alternative
IMoS [20]. Shrivastav, et al. [21] have claimed IMoS being around
two orders of magnitude faster than MOBCAL. An interesting
tutorial like paper was reported by D’Atri, et al. [22]. Whereas
for (larger) flexible molecules there is the need to apply classical
molecular dynamics to evaluate the molecule’s cross section, for
small relatively rigid molecules quantum mechanical calculations
can be adequate as shown by Lap thorn, et al. [23]. Finally, very
many relevant publications are accessible via the Website of the
Waters company [24].
When there is no both sensible and likely suggestion for
the structure of the molecule of interest, molecular structure
generators can be invoked, i.e., tools that generate all possible
molecular structures based on the chemical formula, e.g., involving
the MOLGEN program [25]. Such structures can subsequently be
filtered using other knowledge and tools, e.g., Collisional Cross
Section as mentioned above, or comparing chromatographic
retention times with log Kow (octanol-water partition coefficient)
ranges to select or eliminate candidates for further consideration.
The log Kow or the dipole moment can be an appropriate choice
for properties that can be linked to chromatographic retention.
However, it goes without saying that we cannot expect accurate
predictions of retention times based on these molecular properties,
but if the predicted properties give a rough indication the results
can be used to eliminate and therewith reduce the number of
potential structures. A comprehensive overview with interesting
004

examples was presented in the PhD thesis by Schymanski which is
freely available [26], and the resulting peer reviewed publications
can be found in this thesis.

Quantification

So as for many cases the structure can be determined by, a
technique such as the LC-SPE-NMR, the difficult part is still the
quantification of a trace amount. An SPE collects the molecules,
but we do not know how much of it, so for true quantification this
will not suffice. One could determine a lower limit as material
gets lost but not more is collected than potentially present. This
may suffice for certain question dealing with e.g., toxicity. Still,
with a trace amount much below 1ppm this is very elaborate if
practicable at all when we consider the sensitivity of NMR (see
previous Section).

A potential way forward would be to increase the concentration
levels in the LC-fractions. There is a variety of different potential
approaches including the classical rotatory evaporation, applying
what is called the Speed Vacuum machine (combined infrared
light and centrifuge to evaporate the solvent), and a lyophilized
also known as freeze drying. Whereas these techniques work
comparatively well for organic solvents, but recoveries might vary
substantially between different compounds, water-based solutions
often show strongly varying recovery levels from essentially zero
up to a few dozen percent. Whereas one concentration method
might work relatively well for one specific molecule, a different
method might work much better for another molecule. Thus, all
these techniques have the disadvantage that it is not known what
percentage of a molecular species is truly recovered, and this is
differing largely between different molecular species and the
method of recovery.

To quantify a large range of different compounds, we need
what is known as a universal detector. A universal detector is
defined as the one which ‘can respond to every component in
the column effluent except the mobile phase’ [27]. In contrast,
selective detectors are defined as ‘detectors which respond to a
related group of sample components in the column effluent’. There
is a range of universal detectors including Mass Spectrometry,
the traditional Flame Ionization Detector (FID), and the later
developed detectors including the aerosol-based detection
systems, e.g., evaporative light scattering detection (ELSD) [28],
the related nano quantity analyte detector (NQAD) [29] and the
corona-charged aerosol detection (CAD) [30]. Whereas FID is the
most common detector in GC, FID is when one takes it strictly with
the definition not a universal detector as it is not or very little
sensitive to some compound classes. Still, many compounds can
be detected, and the detection limit is around 0.1 ppm (0.1 ng).
What we need to quantify trace amounts of unknown
chemicals, often in complex mixtures, is thus a detector which is
universal. In addition, it should have a response level proportional
to the quantity but independent of the type of molecule, and
finally the sensitivity should be very high, preferably down to ppb
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level. Unfortunately, such a detector does not exist. The universal
detectors, e.g., mass spectrometry, commonly suffer from very
molecule specific response. NMR suffers from too low sensitivity.
Detectors with high sensitivity are the chemiluminescence
detectors including the sulfur chemiluminescence detector
(SCD) [31] in combination with GC and the nitrogen specific
cheminescence detector (CLND) [32] in combination with LC, even
though as the names already indicate they are S- and N-specific,
respectively. On the other hand, they really quantify the S-and
N-atoms, respectively.

As many practically relevant organics contain a N atom the
CLND can be a very useful asset in the context of the current
theme. These detectors work element specific as the compound
is burned and subsequently, using ozone, an excited state SO2* or
NO2* is formed and upon relaxation to the ground state a photon
is emitted. Photomultipliers can ultimately countdown to single
photons, and therefore this technique is so very highly sensitive.
The SCD and CLND detection limits are truly superior with
reported values of 0.1pg for sulfur and <0.1 ng for nitrogen. Many
compounds of practical relevance contain at least one nitrogen,
including pesticides, herbicides, drugs of abuse and degradation
products of all of these. Important to note is of course that the
eluent used in the LC must be nitrogen free, so for instance one
cannot use acetonitrile an eluent. In some cases, this implies the
LC protocol for separation must be reestablished with another
eluent.
In GC one could combine the highly sensitive S-detector
with an FID for non-sulfur containing species even though this
is a compromise as the FID lacks some of the advantages of the
chemiluminescence detectors, e.g., less sensitive. For GC we can
also combine with the sensitive nitrogen-phosphor detector
which, however, works based on the same principle as the FID.
There are meanwhile relatively old but still as valid, publications
on the performance of detectors as the technique behind these
has not or hardly changed, see e.g., Lane et al. [33] who report
on issues including the need for calibration. For LC only NMR
and CLND currently seem appropriate options. Obviously, when
only few nitrogen or sulfur atoms are present in the molecule, the
sensitivity towards the compound will decrease with increasing
size of the molecule as the chemiluminescence only detects these
specific atoms.

Discussion and Conclusion

The summary of this introduction to the theme organic trace
analysis is that for lower molecular weights it is possible to
establish a single unique molecular formula (in a typical example
95% of unknown compounds m/z < 500 Da could be identified
uniquely), whereas for higher molecular weights (starting typically
around 500) this still poses serious challenges. Also, structure
elucidation is far from trivial, unless enough can be collected for
NMR studies. Proper quantification remains what is probably the
biggest challenge because of the lack of methods to collect (close
005

to) 100% of each individual species.

What we need therefore are other approaches, e.g., the
elimination approach. Structure generators in conjunction with Ion
Mobility Mass Spectrometry and molecular simulation may exclude
certain structures. Exclusion can also be practiced by collecting a
series of samples from time-slices from a HPLC, and subsequently
analyzing total sulfur content using traditional highly sensitive
analytical methods. This allows for the exclusion of S-containing
molecules in specific time-slices and the corresponding molecular
formulae. This can, when considered useful based on the potential
formula generated after the high mass accuracy MS experiment,
be repeated for other elements. Also, though rarely applied in
this context, functionalization by e.g., sulfonation or the more
well-known H/D exchange can give directions for elimination
or identification of structural parts. These approaches might, in
specific cases, help to find upper limits of concentrations present.
Alternatively, or perhaps it is more appropriate to say in addition,
by combining and further integration of tools that were named
progress may be expected. We have seen this being realized in
the past for structure elucidation by NMR [12-17]. For multiple
species to be characterized data management and manipulation,
i.e., protocols such as suggested in Ref. [2], can be a valuable
toolbox.

Funding

The author declares that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest. This research received
no (financial) funding.

References

1. Shigeta, K (2019) Trace Element Analysis of Environmental and
Biological Samples. Anal Sci 35: 1171-1172.

2. Helmusa R, Ter Laak T L, Van Wezel A P, De Voogt P, Schymanski E L
(2020) patRoon: Open-source software platform for environmental
mass spectrometry based non-target screening J Cheminform 13: 1.
3. Zhu L, Shao Y, Xiao H, Santiago Schübel B, Meyer Alert H, et al. (2018)
Electrochemical simulation of triclosan metabolism and toxicological
evaluation. Sci To Environ 622-623.
4. Sasaki R, McGibbon G, Wheeler P, Boruta M (2021) A Multi-Disciplinary
Approach to Impurity Identification, Elucidation, and Characterization,
Advanced Chemistry Development, Inc., Toronto, Canada.

5. Fink T, Reymond J L (2007) Virtual Exploration of the Chemical
Universe up to 11 Atoms of C, N, O, F: Assembly of 26.4 Million
Structures (110.9 Million Stereoisomers) and Analysis for New Ring
Systems, Stereochemistry, Physicochemical Properties, Compound
Classes, and Drug Discovery. J Chem Inf Model 47: 342-353.

6. L C Krajewski, L C Rodgers, R P Marshall (2017) Assigned Chemical
Formulas from an Atmospheric Pressure Photoionization 9.4 T Fourier
Transform Positive Ion Cyclotron Resonance Mass Spectrum. Anal
Chem 89: 11318-11324.
7. Kind T, Fiehn O (2007) Seven Golden Rules for heuristic filtering of
molecular formulas obtained by accurate mass spectrometry. BMC
Bioinformatics 8: 105.

How to cite this article: Robert J M. The Identification and Quantification of Organic Molecules in Trace Amounts: Still a Challenge for Analytical
Chemistry. Organic & Medicinal Chem IJ. 2021; 10(5): 555798. DOI: 10.19080/OMCIJ.2021.10.555798

Organic and Medicinal Chemistry International Journal
8. https://fiehnlab.ucdavis.edu/projects/seven-golden-rules/software

9. Orlov A A, Zherebker A, Eletskaya A A, Chernikov V S, Kozlovskaya L I,
et al. (2019) Examination of molecular space and feasible structures of
bioactive components of humic substances by FTICR MS data mining in
ChEMBL database Natureresearch Scientific Reports 9: 12066.
10. Emwas A H, Roy R, McKay R T, Tenori L, Saccenti E, et al. (2019)
Spectroscopy for Metabolomics Research. Metabolites 9: 123.

11. Elyashberg M (2015) Identification and structure elucidation by NMR
spectroscopy. Tre Analy Chem 69: 88-97.

12. Elyashberg M, Argyropoulos D (2020) Computer Assisted Structure
Elucidation (CASE): Current and future perspectives. Magn Reson
Chem 1-22.
13. https://www.acdlabs.com/comm/elucidation/past_elucidations.php

14. Soong R, Pautler B G, Moser A, Jenne A, Lysak D H, et al. (2020) CASE
(Computer-Assisted Structure Elucidation) Study for an Undergraduate
Organic Chemistry Class. J Chem Educ 97: 855-860.

15. Thiele H, McLeod G, Niemitz M, Kühn T (2011) Structure verification
of small molecules using mass spectrometry and NMR spectroscopy.
Monatshefte für Chemie 142: 717-730.
16. https://www.bruker.com/en/products-and-solutions/mr/nmrsoftware.html

17. Godejohann M, Tsenga L H, Braumanna U, Fuchserb J, Spraul M (2004)
Characterization of a paracetamol metabolite using on-line LC-SPENMR-MS and a cryogenic NMR probe. J Chromatogr A 1058: 191-196.

18. Lanucara F, Holman S W, Gray C J, Eyers C E (2014) The power of ion
mobility-mass spectrometry for structural characterization and the
study of conformational dynamics. Nature Chem 6: 281-294.
19. https://nano.lab.indiana.edu/software/
20. https://www.imospedia.com/imos/

21. Shrivastav V, Nahin M, Hogan C J, Larriba Andaluz C (2017) Benchmark
Comparison for a Multi-Processing Ion Mobility Calculator in the Free
Molecular Regime. J Am Soc Mass Spectrom 28:1540Y1551.
22. D’Atri V, Porrini M, Rosuc F, Gabelica V (2015) Linking molecular
models with ion mobility experiments. Illustration with a rigid nucleic
acid structure J Mass Spectrom 50: 711-726.
This work is licensed under Creative
Commons Attribution 4.0 License
DOI: 10.19080/OMCIJ.2021.10.555798

23. Lapthorn C, Pullen F S, Chowdhry B Z, Wright P, Perkins G L, et al.
(2015) How useful is molecular modelling in combination with ion
mobility mass spectrometry for ‘small molecule’ ion mobility collision
cross-sections? Analyst 140: 6814-6823.
24. h t t p s : / / w w w. w a t e r s . c o m / w a t e r s / e n _ U S / I o n - M o b i l i t y Separations-Using-HDMS-in-Pharmaceutical-Applications/nav.
htm?cid=134732974&locale=en_US.

25. Gugisch R, Kerber A, Kohnert A, Laue R, Meringer M, et al. (2021)
MOLGEN 5.0, A molecular structure generator 2014. In: Basak, S C,
Restrepo G, Villaveces, J L (eds). Advances in Mathematical Chemistry
and Applications Pp 113-138.
26. http://digital.bibliothek.uni-halle.de/pe/content/titleinfo/2625252.

27. http://publications.iupac.org/analytical_compendium/Cha09sec241.
pdf.
28. Ganzera M, Stuppner H (2005) Evaporative Light Scattering Detection
(ELSD) for the Analysis of Natural Products. Curr Pharm Anal 1: 135144.

29. Olšovská J, Kameník Z, Cajthaml T (1216) Hyphenated ultra-highperformance liquid chromatography–Nano Quantity Analyte Detector
technique for determination of compounds with low UV absorption. J
Chromatogr A 1216: 5774-5778.

30. Górecki T, Frederic Lynen F, Roman Szucs R, Pat Sandra P (2006)
Universal Response in Liquid Chromatography Using Charged Aerosol
Detection. Anal Chem 78: 3186-3192.

31. Hutte R S (1995) The sulfur chemiluminescence detector. J Chromato
Lib 56: 201-229.
32. Brannegan D, Ashraf Khorassani M, Taylor L T (2001) Highperformance liquid chromatography coupled with chemiluminescence
nitrogen detection for the study of ethoxyquin antioxidant and related
organic bases J Chromatogr Sci 39: 217-221.
33. Lane S, Boughtflower B, Mutton I, Paterson C, Farrant D, et al. (2005)
Toward Single-Calibrant Quantification in HPLC. A Comparison of Three
Detection Strategies: Evaporative Light Scattering, Chemiluminescent
Nitrogen, and Proton NMR Anal Chem 77: 4354-4365.

Your next submission with Juniper Publishers
will reach you the below assets
•
•
•
•
•
•
•

Quality Editorial service
Swift Peer Review
Reprints availability
E-prints Service
Manuscript Podcast for convenient understanding
Global attai nment for your research
Manuscript accessibility in different formats
( Pdf, E-pub, Full Text, Audio)
• Unceasing customer service

Track the below URL for one-step submission

https://juniperpublishers.com/online-submission.php

006

How to cite this article: Robert J M. The Identification and Quantification of Organic Molecules in Trace Amounts: Still a Challenge for Analytical
Chemistry. Organic & Medicinal Chem IJ. 2021; 10(5): 555798. DOI: 10.19080/OMCIJ.2021.10.555798

