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nalytical chemistry – scientific and applied discipline 

Analytical chemistry is devoted to identification and quantitation of
hemical substances. As such, an enormous number of analytical meth-
ds are used daily, among others to monitor chemical pollutants in en-
ironmental water, soil, sediment, and air; to determine pharmaceuti-
als, metabolites, and disease markers in patient blood and urine; and to
creen for chemical contaminants such as pesticides in food, beverages,
nd drinking water. Analytical methods are often complex, because tar-
et compounds can be present at very low concentrations in samples
ontaining thousands of other chemical substances. Analytical methods
re used in a variety of scientific disciplines, such as environmental
hemistry, biomedicine, pharmacy, and food chemistry. As such, ana-
ytical chemistry is a highly versatile and applied discipline. However,
nalytical chemistry is also a scientific discipline itself, and very new
oncepts and technologies are under development, to push the limits of
hat we can measure. 

Analytical methods are stepwise procedures normally including (1)
ample collection, (2) sample preparation, (3) separation, and (4) detec-
ion. Sample preparation typically involves extraction and transfer of the
arget substance into a pure liquid, serving as suitable medium for sep-
ration and detection. The target substance is then separated from all
ther compounds that may interfere with detection. Separation is typ-
cally by chromatography or electrophoresis, and detection is often by
ass spectrometry. Extraction is predominantly accomplished by liquid-

iquid extraction (LLE) or solid-phase extraction (SPE), and both tech-
iques are very well established. 

ample preparation - a scientific discipline with high activity 

As an alternative to LLE and SPE, solid-phase microextraction
SPME) was introduced in 1990 [1] . SPME represented a new con-
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ept, and research activities related to this increased rapidly. At the
ame time, other microextraction concepts and approaches were in-
roduced. Publication activity increased accordingly as illustrated in
able 1 . The number of papers identified by SCOPUS using “microex-

raction ” as search term is currently about 2,000 per year. For compari-
on, similar data for “proteomics and chromatography ”, which has been a
ot-topic the last 15 years, are collected in Table 1 . Although literature
earching is sensitive to the selection of keywords, it is clear that mi-
roextraction is a hot-topic in current scientific literature. Accordingly,
ublication frequency and impact measured in terms of citations is high.
o this end, sample preparation is not limited to microextraction, but in-
ludes equally important research on other subjects, such as new liquids
nd solid extraction materials, fundamentals, and instrumentation [2] .
he total number of research papers related to sample preparation is
herefore difficult to estimate. For 2020, however, this number for sure
s more than 3,000 documents, and in total for the last three decades,
ore than 30,000 papers have been published. Clearly, sample prepa-

ation is an important scientific discipline with high activity. 

uality papers on sample preparation 

The quality of sample preparation papers is anchored in the origi-

ality, novelty , and relevance of the scientific experiments . Originality re-
ects that the experimental approach is “smart ”, novelty that the same
r similar experiments have “not been done before ”, and relevance that
xperiments are interesting for a “broad audience ”. Stories about origi-
al, novel, and relevant scientific experiments are quality papers, from
y point of view. Given those criteria, (1) how can we find quality pa-
ers, (2) what can we learn from them, and (3) how can we write the
ext ones? 

An option is of course to use citations. Thus, I searched in SCOPUS
sing “microextraction ” as keyword, year-by-year from 2010 to 2020,
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Table 1 

Metrics from SCOPUS on scientific papers identified by search on “microextraction ”, and “proteomics and chromatography ”. 

Year 1990 1995 2000 2005 2010 2015 2020 

“Microextraction ”

Articles 3 41 296 539 983 1441 1974 

Citations per article 1334 80 63 41 43 20 2.4 

“Proteomics and chromatography ”

Article 30 781 1298 1782 2106 

Citations per article 142 74 38 21 2.2 

Table 2 

Top-cited original research papers from years 2010-2020 identified by SCOPUS search on “microextraction ”. 

2010 

Vortex-assisted liquid-liquid microextraction of octylphenol, nonylphenol and bisphenol-A (274 citations) [3] 

2011 

Layer-by-layer fabrication of chemical-bonded graphene coating for solid-phase microextraction (294 citations) [6] 

2012 

Air-assisted liquid-liquid microextraction method as a novel microextraction technique; Application in extraction and preconcentration of phthalate esters in 

aqueous sample followed by gas chromatography-flame ionization detection (221 citations) [7] 

2013 

A porous coordination framework for highly sensitive and selective solid-phase microextraction of non-polar volatile organic compounds (157 citations) [8] 

2014 

Online coupling of in-tube solid-phase microextraction with direct analysis in real time mass spectrometry for rapid determination of triazine herbicides in 

water using carbon-nanotubes-incorporated polymer monolith (142 citations) [9] 

2015 

Magnetic nanoparticle based dispersive micro-solid-phase extraction for the determination of malachite green in water samples: Optimized experimental 

design (118 citations) [10] 

2016 

Combination of solid-phase extraction with dispersive liquid-liquid microextraction followed by GC-MS for determination of pesticide residues from water, 

milk, honey and fruit juice (132 citations) [11] 

2017 

Rapid ultrasound-assisted magnetic microextraction of gallic acid from urine, plasma and water samples by HKUST-1-MOF-Fe3O4-GA-MIP-NPs: UV–vis 

detection and optimization study (100 citations) [12] 

2018 

Hydrophobic deep eutectic solvents as “green ” extraction media for polycyclic aromatic hydrocarbons in aqueous samples (92 citations) [13] 

2019 

B-Ketoenamine-linked covalent organic framework coating for ultra-high-performance solid-phase microextraction of polybrominated diphenyl ethers from 

environmental samples (70 citations) [14] 

2020 

In matrix formation of deep eutectic solvent used in liquid phase extraction coupled with solidification of organic droplets dispersive liquid-liquid 

microextraction; application in determination of some pesticides in milk samples (40 citations) [15] 
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nd listed the documents in order of descending citations. For 2010,
83 documents were identified and all the top-ten papers were reviews.
he first original research paper was ranked number eleven, with 274
itations. This paper reported the first experiments with vortex-assisted
iquid-liquid microextraction, a fundamentally new approach to liquid-
hase microextraction [3] . The research was conceptual ; the experimen-
al procedure was original and novel, and it was of high relevance due
o excellent performance as compared to related techniques. Clearly,
he paper has inspired analytical scientists, and the paper is frequently
ited. Looking at the lists for 2011-2020, the majority of the top-cited
riginal research papers were focused on conceptual experiments, as
ummarized in Table 2 . 

Conceptual papers are very important in order to maintain sample
reparation a scientific discipline. To develop next generation analytical
hemistry, and to facilitate future paradigm shifts, conceptual research
n sample preparation is extremely important. Many ideas need to be
ublished, and among these, only a few will survive based on very strong
ompetition and demanding selection criteria. Nevertheless, all the con-
eptual papers are important; a few of them will define the future, and
ll the rest is the “fuel ” required to generate the success stories. The con-
eptual papers are by nature original and novel. They are quality papers
lso, if experiments are of high relevance. This imply that proposed ex-
erimental procedures are (or have potential to be) superior to existing
nes, in terms of simplicity, costs, sensitivity, specificity, adaptability,
ortability, flexibility, or sustainability. Here we need to be very critical
hen designing our experiments. We need to increase quality, without

acrificing quantity, in order to be successful in the end. 
2 
In parallel to conceptual papers, a large number of applications are
ublished, with focus on optimization, validation, and documentation.
hese are important in order to facilitate transfer of promising con-
epts from research and into routine analytical chemistry. This is of-
en a very difficult and slow process, and only few sample prepara-
ion concepts such as SPME [1] , stir-bar sorptive extraction [4] , and
uEChERS [5] have been successful. Quality is of high importance, be-
ause the papers have to convince laboratory leaders, companies, and
ndustry, about the advantages of a promising concept. Focus may be
hifted somewhat from scientific originality and novelty, and to rele-
ance, which is highly critical for the quality of applications. They must
e of high impact for analytical laboratories worldwide; the analytes and
eal samples must be hot-topic, and instrumentation must be state-of–
he-art. Furthermore, validation must be performed according to official
nd relevant guideline requirements, and new applications must provide
lear advantages over existing methods. Ultimately, a new application
hould be at the level where analytical scientists in external laboratories
re willing to buy the required equipment and consumables, and use it.

he next paper – why and how 

Papers in sample preparation can be conceptual or applications. Con-
eptual papers of high quality are extremely important for future devel-
pment and paradigm shifts in analytical chemistry, and for the justifica-
ion of analytical chemistry as an independent and significant research
iscipline. Originality, novelty, and relevance are all significant in con-
eptual papers of high quality. Applications of high quality are very
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mportant for the transfer of promising concepts to routine analytical
hemistry, and relevance is highly important. During initial preparation
f papers, we should make a clear decision whether to prepare a con-
eptual paper or an application. Next, we should look very critically
nto the planned experiments. For new concepts, there should be very
lear advantages and perspectives. For applications, external laborato-
ies should be consulted for their opinion. Learning from similar papers
ith strong citation may also give inspiration and important input to-
ards quality. 

We need time and patience for conducting high quality experiments
nd for writing. To this end, we may also need time and patience after
ubmission. As an example, the 2010 top-cited paper on vortex-assisted
iquid-liquid microextraction ( Table 2 ) was rejected and revised repeat-
dly during a three-year period before it finally was accepted. Thus, a
uality paper is not necessarily easy to get through the peer-review pro-
ess. This underlines the fact that quality is not defined by reviewers
nd editors. Quality is defined by the sample preparation community,
hrough citations and willingness to apply the new concepts. Papers out-
ide this quality definition can still play a very important role because
reative scientists may get inspiration from one or several of these and
ranslate them into new ideas and concepts. Therefore, quality is also a
omplex function of reader inspiration . In the long perspective, perhaps
eader inspiration is number one of the quality criteria? 
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