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A Novel Apparatus to Study Pheromone-Aerosol Interactions and Their Effects 
on Insect Behaviour 
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1ICARE, UPR3021, CNRS, Orleans, France 
2IRBI, UMR7261, CNRS, University of Tours, Tours, France 

*Corresponding author: sophie.auger@cnrs-orleans.fr 

Abstract 
Chemical communication is essential to the survival of insect, especially sex pheromone which initiate 
mating. Once released into the atmosphere by the females, these compounds must reach the males 
to trigger reproductive behavior. However, pheromones can interact with atmospheric components, 
such as aerosols, yet the underlying mechanisms are still poorly understood. Here, we built a new 
experimental system in order to study and control pheromone–aerosol interactions, and monitor the 
responses of live insects to these mixtures. We focus on the well-documented pheromone of the 
Bombyx mori moth, bombykol. This innovative apparatus enables the monitoring and variation of 
several atmospheric parameters, such as humidity, size distribution and number of aerosols, and 
bombykol concentration. The initial experiments have yielded encouraging results, particularly with 
regard to the quantification system. Investigating the transfer of pheromones between gas and 
particulate phases during their transport and perception is essential for advancing our understanding 
of atmospheric impacts on pheromones, insect adaptation, and the influence of pollution on insect 
communication. 

Introduction  
Communication between individuals is an important part of survival in nature. Insects use different 

modes of communication. They could be visual, tactile or auditory, but the most extensive 
communication method among insects is the use of chemical compounds (Rajkhowa et al., 2024), 
called semiochemicals. This umbrella term includes pheromones, which enables the communication 
between individuals of the same species, and allelochemicals, used to communicate with different 
species. Most of the chemical communication takes place within the same species. Indeed, pheromone 
are used to warn of a danger, indicate food sources or oviposition sites or find a mate (Badeke et al., 
2016). The chemicals involve for this last purpose, mating, are sex pheromones. They are secreted by 
one sex, usually female, and released into the air to trigger behaviors of the other sex and foster 
mating. After being released, pheromones are dispersed in the gas phase, where they could be altered 
by atmosphere constituents.  

Sex pheromone are the range of signaling compounds which have been studied most extensively, 
but, in literature, studies mainly focus on the sex pheromone biosynthesis in gland (Rajkhowa et al., 
2024), the detection and identification of the chemicals through the antennae, odor receptors and the 
neural processes (Rajkhowa et al., 2024; Sakurai et al., 2011), behavioral response of the receiver insect 
or impact on progeny (Thomas Alamu et al., 2024). Some works deal with the air transport of the 
chemicals, including plume dispersion (Strand et al., 2009) or impact of background plant odors on 
insect sex pheromone detection (Badeke et al., 2016; Boullis et al., 2016; Pinto‐Zevallos et al., 2025). 
To our knowledge, few works study the interaction of the pheromone with the aerosols and the 
following impact on the insect’s communication (Jaffar-Bandjee et al., 2023; Jami et al., 2020).  

Indeed, the aerosol should play a key role in transport of pheromone and impact insect 
communication. First, because they are extremely abundant. At-a-glance, the atmosphere contains a 
myriad of microscopic particles range from 1 nanometre (nm) to 1 micrometer (µm). These airborne 
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How to handle the 
source of the image ?

 
Figure 1. Illustration (generated by Illustrae.co AI) of the PheroTube 

Main considerations of design 
One of the main issues leading the conception of the setup was reducing wall interaction to avoid 

low-volatility pheromones and aerosol particle loss. Because of the extremely low surface area to 
volume ratios, under real-world conditions, such interactions would be minimal, but in a laboratory-
scale device these must be considered, especially for low-volatility compounds such as bombykol. 
Moreover, when conducting a study with aerosols, it is always important to consider the settling of 
particles due to gravity. To avoid these phenomena, faster and more turbulent flows are preferable.  

Accordingly, different strategies were used to reduce these interactions. First, materials have been 
chosen (Pyrex, PFA Teflon or SilcoNert) due to their good responses to a wide range of chemicals. 
Where particles are present, transmissive materials such as stainless steel and conductive silicone 
tubing and fittings are utilized. Furthermore, decreasing surface area to volume ratio helps reduce wall 
interaction in general. Thus, physical dimensions of the system have been increased the where 
practical and larger transfer lines (1/2 in. or 3/8 in.; 1 in. = 2,54 cm) are used. Faster flows and elevated 
temperatures are used to improve flow conditions and reduce the partitioning to the walls. However, 
the different components of the system require connecting tubes, which will change the flow 
characteristics and induce a pressure drop in the system. These design constraints are most likely to 
affect the transmission of aerosols. In the tunnel the total flow rate is in the range 8–30 L/min, below 
this range the flow is laminar, and more prone to gravitational settling. 

Setup 
To diffuse liquid bombykol in a controlled amount and quantify its concentration in the gas phase, 

a system has been designed following several previous works. (Veres et al., 2010), proposed a system 
for gas-phase generation and calibration of volatile organic compounds (VOCs) using a permeation 
source, quantitative catalytic conversion of carbon from VOCs to CO2, followed by CO2 measurement. 
In our work, a permeation oven (Model 150 Dynacalibrator, VICI Valco Instruments) enclosing a glass 
diffusion vial, topped by a stainless-steel capillary (L x O.D. x I.D. 2 cm x 1/16 in. x 0,040 in., Sigma-
Aldrich, Saint-Louis, MO, USA) connected to the glass vial using a Swagelok reducing union (1/4 in. to 
1/16 in.), is used as permeation source. The diffusion vials have been custom-made according to the 
design of (Gautrois and Koppmann, 1999), in their VOC diffusion device. The pheromone-enriched gas 
emerging from the oven, through a 1/16 in. SilcoNert line, encounters a flow of oxygen in a 1/4 in. PFA 
Teflon Swagelok T union. A three-way solenoid valve (iPolymer, Innodys, Mennecy, France) controls 
whether the flow is then sent to the quantifying catalytic system or to the mixing chamber. A 10 cm 
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University of Orléans T. Dudok de Wit

EMSTU Doctoral School Scientific writing 2026

Referee reports

JUNE 3, 2026

1 Auger, Sophie

Originality and significance The article is sufficiently novel and interesting but lacks first experimental results
to warrant publication. I do not see which journal standard the article refers to. The research question is
indeed an important one.

Structure of the article The article is clearly laid out and all the relevant parts are present.

Title The title is a step ahead of the results presented in the article. When the optimisation experiments will be
done and the first "biological test" wiil be conducted, the title will be well-adapted.

Abstract Yes, the abstract reflects the content of the article and provide all key elements.

Introduction Introduction is accurate and well-structured. It presents the context, previous works and main
issue, and also briefly introduces the method.

Method The author accurately explains how datas are collected and describes well the functionning of his/her
experiments. The design appears suitable for answering the question. All pieces of the apparatus pre-
sented in the article are sourced, therefore it is possible to replicate the research. Procedures are well
explained as well exaplined and well ordered. Article suggests methods are not particularly new but have
not been used in this precise context. Equipement and materials are thoroughly described and sourced.
The article presents clear data recording and measurements.

Results Results are explicit and well-presented.

Conclusion and Discussion Claims presented in the conclusion are not talking enough about the previously
presented results. It mostly talks about the upcoming challenges, expectations and next steps to reach
the "final goal" of this work.There is a take home message, but it does not rely on a strong experimental
background as the expected "final" results are not obtained yetn because the experiments have not all
been conducted.

Language There are minor english corrections to be done. I did not detect any use of AI except for the Figure 1
that explicitly mentionned "generated by AI".

Figures and Tables Figures are essential and consistent with the presented work.

Citations and References Citations are not indicated appropriatly as they are not numbered. However, all DOI
are given in the "References" part and they tend to be accurate judging by their titles.

Comments to the author Minor english correction are needed. The context, aim and results are very well
presented but the title is not adapted as it suggests that you are presenting observed effects on insect
behaviour when you do not have those results yet. Despite the potential of the apparatus, your article, as
it is currently, lacks the experimental results that would lead to a publication.

Confidential comments to the editor

Your recommendation Reject and resubmit after major revision
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Synthesis of new transparent oxydes with persistent

luminescence on the SrAl2O4 -BaAl2O4 solid solution

Emma Cassou1, Michael Pitcher1, Mathieu Allix1, Cécile Genevois1, Maxence Vigier1

May 6, 2026
1Université d’Orléans, CNRS, CEMHTI, UPR 3079, Orléans, France

Abstract

An aerodynamic levitation setup was used to obtain glass and polycrystalline beads on a range of
compositions across the solid solution SrAl2O4 - BaAl2O4 doped with 2%mol of europium and 1%mol
of dysprosium. The method used proved to be une!ective to obtain a good (Sr,Ba)O/Al2O3 ratio for
glass beads according to the electron probe microanalysis. Some of the crystalline beads on the other
end present interesting optical properties such as transparency, translucency and a blue shift of the
luminescence with added Ba content. For BaAl2O4 samples, a comparison of the heat treated glass
bead structure and crystallized from the melt bead structure highlighted di!erent phases apart from
BaAl2O4 and their influence on luminescence wavelengths.

Keywords : optical ceramics, persistent luminescence, aluminates, rare earth doping.

Introduction

Persistent luminescent (PersLum) materials are of interest since at least 1000 years ago [1]. This
ability of a material to emit light even after the excitation source is cut o! is a fascinating yet still
misunderstood phenomenon. The nineties saw the birth of a new PersLum material by a team from
Nemoto & Co., Ltd.[2] : SrAl2O4:Eu2+,Dy3+, which allowed for the replacement of previsously toxic
compounds. Its long lasting, bright luminescence and the possibility for a wide range of applications
(emergency signage, afterflow paint, jewelry...) made it a well studied material since then. The overall
process involves Eu2+ doping ions substituting Sr on its crystallographic sites and acting as a lumines-
cent center. The Dy3+ co-doping improves the persistence time by trapping the Eu2+ excited electrons
in its energy levels and then progressively releasing them through thermal processes [3].

Recently, the CERAM team of the CEMHTI laboratory obtained transparent SrAl2O4 ceramics
by crystallizing the melt, a non-equilibrium synthesis process. This birefringent and polycristalline yet
transparent material opened new doors into the realization of optical ceramics, transaprency being a
interesting asset for luminescent materials. Indeed the light travelling through the entire volume of
the material allows for the excitation of all luminescent centers, increasing the luminescence overall.
The BaAl2O4 compound presents a similar trydimite structure to SrAl2O4 . It is thus of interest to
explore the solid solution BaAl2O4 - SrAl2O4 to explore the technical ceramics synthesis possibilities
between these two compounds. In particular, it would be relevant to better understand the struc-
tural behavior in temperature within this solid solution, to more e”ciently tune the microstructure
and influence the transparency. This study aims to find a wider range of easily vitrifiable compound
compared to SrAl2O4 and to be able to better tune the optical properties of luminescent ceramics,
namely their chromaticity varying from green to blue with added Ba and the persistent luminescence
decay time.
This preliminary study focuses on finding a suitable protocol for the synthesis of glasses over a range
of compositions in the solid solution, with the goal of heat treating the sample to obtain ceramics with
the desired properties. It also contains a discussion on the di!erent persistent luminescence (PersLum)
exhibited by these samples and the transparency observed for some of them.

1
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Characterizing the transverse compression of braided packings

but their direct transfer to sealing braids remains
difficult. Most of them were developed for reinforce-
ments later associated with a cured matrix. In an
impregnated packing, the impregnation does not act
as a structural cured matrix. A geometrical model
alone is therefore not sufficient, because mechanical
validation requires experimental data on force, com-
paction, lateral deformation and contact pressure.

Mechanical tests on impregnated braided struc-
tures or related three-dimensional braided architec-
tures show that compression, cyclic loading and dy-
namic loading can provide useful quantities such as
apparent stiffness, maximum stress, orientation sen-
sitivity and energy absorption [20, 21, 22]. However,
these studies do not directly address the free trans-
verse compression of packing braids, where spread-
ing of the contact area and radial bulge formation
must be measured together.

This lack of experimental data limits the develop-
ment of simplified mechanical models for sealing
braids. The main problem addressed in this arti-
cle is therefore focused on how can the transverse
mechanical response of a flexible impregnated three-
dimensional braided packing be measured in order
to identify apparent homogenized properties and
provide reference data for finite element validation.

To address this problem, this article proposes a free
transverse compression test for a PTFE-impregnated
three-dimensional braided packing. The test mea-
sures the global compaction response, the spreading
of the compressed contact face and the radial expan-
sion of the braid through lateral bulge formation to
support the identification of apparent macroscopic
mechanical properties under transverse loading.

Methodology

Experimental principle

In service, the gland follower applies an axial load
to the packing rings. This load compresses the braid,
promotes radial expansion toward the shaft and the
housing, and generates sealing contact pressure.

The full stuffing-box configuration was not repro-
duced. Instead, a free transverse compression test
was used to isolate braid compaction and lateral
spreading. The sample was compressed along Z,
while the radial direction r remained unconstrained.

The coordinate frame is shown in Figure 1. The
Z direction corresponds to compression, r to radial
spreading and θ to the circumferential direction of
the packing. At the scale of the tested representative
length, this cylindrical frame was treated as equiva-
lent to a local orthogonal frame.

Sample and test configuration
The tested material was a LATTY 4788 braided pack-
ing made of aramid yarns and impregnated with
PTFE. The braid had a three-dimensional diagonal
architecture, described as a three-path diagonal braid-
ing pattern.

The nominal section was assumed to be square.
The initial width in the radial direction is denoted by
w0, and the initial height in the compression direction
by h0. For all calculations,

w0 = h0 = 10 mm.

Only the central length Lc was compressed by the
upper and lower punches. This length defined the
experimental representative volume. The remaining
lengths on both sides were left uncompressed to re-
duce cut-edge effects. Table 1 gives the main test
parameters.

Table 1: Main sample and test parameters.
Parameter Value

Initial width AND height w0 = h0 = 10 mm
Compressed length Lc = 45 mm
Non-compressed length 60 mm on each side
Maximum displacement δmax = h0/2 = 5 mm
Compression speed 0.1 mm.min→1

The samples were considered new. After manufac-
turing, the braid was dried and treated with paraffin
oil to reduce friction during the first hours of use.

Figure 1 shows the experimental setup.

Figure 1: Experimental setup used for the free trans-
verse compression test. The sample is compressed
along Z. The lateral surface, normal to r, is measured
by three-dimensional profilometry. The lower com-
pressed face, normal to →Z, is instrumented with
Fujifilm Prescale film placed on a transparent PMMA
plate and observed through a 45↑ mirror.

2 Journal of IdontknowWhichOneYetSinceThatsAnExercise
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Hypersonic free-flight experiments using a dual optical system for improved vehicle's aerodynamic 
characterization 

Konstantinos Theodoros Lamprou 
von Karman Institute for Fluid Dynamics, Aeronautics and Aerospace Department 

(Dated: June 26, 2024)

Free-flight experiments using optical tracking for aerodynamic measurements have been proven 
to be valuable in short duration hypersonic facilities where the experiments are in the order of 10 
milliseconds in duration. In this study, a free-flight experiment of the IXV re-entry vehicle in 
small scale was designed and conducted in the Longshot (hypersonic wind tunnel at Von Karman 
Institute) at Mach 12 and the capabilities of an existing image tracking algorithm were assessed. 
To this extent two high-speed cameras were employed to record the trajectory of the model, in 
two optical planes side and top, to feed the tracking algorithm. Image calibration software was 
used to undistort the video recordings, masking and edge detection routines were used to track 
and estimate the position and orientation between successive frames. Processing of the side view 
recording (Schlieren) of the experiment shows expected trends in velocities and accelerations. 
Comparisons of lift and drag coefficients with an existing database show deviation by 12% and 
15% respectively, highlighting the potential of this technique, but pitching moment coefficient 
could reveal its shortcomings in accurate attitude determination. 

 
 

I. INTRODUCTION 
      The study of aerodynamics consists of three 
pillars; theory, experiment, and numerical simulation. 
Theoretical results are extremely limited to basic or 
ideal flows and come with many simplifications of 
real flows. Numerical simulation with Computational 
Fluid Dynamics (CFD) for hypersonic compressible 
flows are possible but can be computationally very 
demanding depending on the precision and the 
modeling of the simulation RANS, LES, DNS. 
However, these simulations still need to be validated 
by experimental data. 

      With the use of wind tunnels engineers can design 
and test vehicles and aircraft in small scale to 
determine their aerodynamic characteristics. 
Conventionally this is done using force balances, 
external or internal, on which the scaled model is 
placed. These devices measure directly the 
aerodynamic forces applied on the body inside the 
wind tunnel. Another approach is the free flight 
technique, for which the body is initially supported 
but is released during the test time and can move 
freely inside the flow. This technique makes use of 
internal accelerometers to measure its acceleration or 
use optical tracking that captures its trajectory, tracks 
the object between frames and calculates its 
acceleration, and thus the forces applied on it. 

      Aerodynamic measurements in hypersonic 
facilities are often restricted by the duration of the  

 

experiment, such facilities can typically provide 
stable flow conditions in the order of milliseconds. 
Thus, using of conventional force balances with lower 
response time, impossible. Another point in favor of 
the free flight techniques is that there is no 
interference with external mounting support as the 
model is untethered. Additionally, optical based 
methods do not require any modifications to the 
scaled model to accommodate for internally placed 
accelerometers. Overall, free flight optical based 
techniques seem an appealing method to perform 
experiments in short duration hypersonic wind 
tunnels due to the advantages they offer compared to 
conventional techniques. 

a. State of the art 
      An approach to study hypersonic flows is 
simulation using Newtonian theory, but only serve as 
a preliminary design tool due to their simplified 
approach of the flow. As demonstrated in the paper by 
(Durbin et al., 2020) the study affirms the accuracy of 
a modified Newtonian flow model embedded in the 
ANTARES code for predicting hypersonic vehicle 
aerodynamics in the continuum regime. Validated 
against theoretical, experimental, and numerical data 
for diverse 3D geometries, including Reentry vehicles 
and space debris, the ANTARES code provides a cost-
effective means to determine pressure distributions, 
forces/moments, and coefficients in hypersonic 
scenarios. 

What is missing here ?
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Synthesis and seperation of α-GalNAc-O-Thr (Tn antigen) to α-TalNAc-
O-Thr compound using the azidonitration reaction route 

Anonymous Author 

Laboratoire de Chimies des Glucides et Peptides, University of Orleans, 5 rue de 
Carbone, 45100 Orleans, France. 

Abstract: 

The azidonitration of 3,4,6-tri-O-acetyl-D-galactal originally reported by Lemieux and 
Ratcliffe represents a cornerstone for the synthesis of 2-amino-2-deoxy galactosamine 
building blocks.1 An often-overlooked problem to this reaction is the yielding of an α-talo 
byproduct extremely difficult to separate from the wanted compound. We report a synthesis 
route addressing this problem regarding the chemical synthesis of α-GalNAc-O-Thr (Tn 
antigen). This present work investigates a difference in kinetics between the two 
compounds following the deprotection of the tert-butyl on the carboxylic acid of the 
attached threonine. This difference is then exploited to separate the product from the 
impurity and yield a pure Tn antigen by using X (censored) during the deprotection process. 

 

Introduction 

The O-glycosylation of mucin-type 
peptides is recognised as one of the most 
widespread and biologically relevant 
post-transitional modifications in human 
cells.2, 3 This modification helps in 
assessing the vital roles of mucins, such 
as lubrification, cellular signalling and 
communication, structural integrity as 
well as immune recognition.3-5 As 
important as mucins are, they are also 
involved and overexpressed in many 
cancers and inflammatory diseases of the 
epithelium.4-8 The α-N-
acetylgalactosamine (GalNAc) linked to 
serine or threonine residues (GalNAc-O-
Ser/Thr), also known as the Tn antigen, is 
a motif commonly found and accessible 
on these malignant mucin peptides.4, 9 
The synthesis of this important 2-amino-

2-deoxygalactose as been done since it’s 
preparation by Lemieux and Ratcliffe.1 
Its overall chemical synthesis pathway 
has been optimised by many by using 
different promoters and leaving groups to 
induce either a 1,2-cis or a 1,2-trans 
favoured stereochemistry.10-16 While 
stereochemistry at the number one 
position is extremely important, so is the 
overlooked problem of stereochemistry at 
the position 2. During the incredibly 
popular azidonitration reaction of 
Lemieux’s route, the formation of 2-
azido-2deoxytalopyranosides is possible 
from the galactal starting material, 
although in a small portion.1 This 
impurity as been proved to be extremely 
difficult to separate from the galactoside 
compounds. Czernecki et al. developed a 
route using sodium azide, benzyl 
protecting groups and diphenyldiselenide 
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The review is thorough and very helpful

The top video analysis in this study produces no useful data, which is a significant gap given that the title
stresses a dual optical system. The author should emphasize this further and not include it as a results
portion when no results were obtained.

Conclusion and Discussion The conclusions are generally honest and cautious. Recognizing that pitching
moment determination remains difficult and that the orthogonal schlieren view alone is insufficient for
complete aerodynamic characterisation is scientifically sound. However:

The ending may benefit from a better take-home message: what should the reader remember?

The authors’ statement that ""a more thorough analysis still needs to be done"" is ambiguous. A con-
crete list of suggested next actions would significantly improve the conclusion (e.g., full top-view analysis,
algorithm accuracy quantification).

The conclusion does not specify whether the dual optical system contributed value in this investigation
when compared to a single camera. Since the top view was ultimately unusable, this question remains
unaddressed and should be addressed honestly.

Language The English is generally understandable, but has numerous recurrent issues:

False friends and non-idiomatic phrasing include ""to this extent"" (should be ""to this end""), ""it is of
outmost importance"" (should be ""utmost""), and ""the former using a scale"" (an awkward construc-
tion). Inconsistent tense usage in the results section (using both past and present tense). Some paragraphs
in Section II.f (Image Tracking Algorithm) read uncommonly fluently. Several sentences are too long and
should be separated for clarity.

Figures and Tables "The figures are generally useful and relevant. A few specific points:

Figure 1 caption contains a typo: ""Lonshost"" instead of ""Longshot.""

Figures 21–23 (deviation plots) are helpful additions, but their axes lack units on the deviation axis it is
unclear whether deviation is expressed as a fraction or percentage.

Figure 6 (moment coefficients from ANTARES) is central to justifying the 44° initial pitch angle choice, but
the caption does not make this connection explicit. A brief annotation or clearer caption would help.

The top camera video frames (Figure 24) clearly show degraded image quality, but no quantitative metric
of this degradation is given. The figures support the qualitative argument but cannot be used to draw
quantitative conclusions.

There is no table summarizing the experimental conditions (Mach, Reynolds, model properties, flow con-
ditions)."

Citations and References "The referencing is generally appropriate and covers the key prior work in the field.
A few remarks:

The reference to (Durbin et al., 2020) in the introduction is cited as 2020, but the reference list gives (Durbin
et al., 2022) this inconsistency should be corrected. The Pezzella (2014) database is used extensively for
comparison but is only cited once in passing. Given its central role in the validation, the author should
describe it more clearly: what conditions does it cover, how was it generated, and is it directly applicable
to the present test conditions? The reference list formatting is inconsistent some entries include DOIs,
others do not."

Comments to the author The study provides an honest and technically sound assessment of an optical free-
flight technique used on a complex re-entry vehicle geometry in hypersonic conditions. The effort put into
experimental design, including trajectory simulation for model sizing, CoM adjustment, and calibration,
is admirable. The author’s key difficulty is to be more rigorous in separating results from interpretation,
as well as to tackle the impact of useless top-view data, which essentially restricts the title’s "dual optical
system" claim. The pitching moment discrepancy deserves a careful examination. With these changes,
the paper will make a stronger and more credible contribution.

Confidential comments to the editor The article is a well-intentioned student-level contribution with clear sci-
entific value as a methods assessment study. The main concern is a mismatch between the title’s promise
(dual optical system, improved characterization) and the actual outcome (only single-view results usable,
pitching moment largely unresolvable). The author should be encouraged to either revise the scope of the
title/abstract to match the actual results, or to complete the top-view analysis before submission. Addi-
tionally, the editor may wish to verify the originality of section II.f, which stylistically stands apart from the
rest of the manuscript.
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Abstract:  

Idiopathic pulmonary fibrosis (IPF) is progressive and fatal interstitial pneumonitis of 
unknown cause characterized by sequential episodes of acute lung injury with subsequent 
scarring, leading ultimately to respiratory failure, and no effective therapy is available. The 
evolution of society and industry has leaded to release gas, chemicals products, nanoparticles 
and production of important pollution, like the tobacco, can cause damages of the pulmonary 
epithelium, leading to IPF development. Even if the mechanisms remain poorly understood, it 
was showed that those damages drive an important inflammation and activate the large 
protein complexes involved in activation of inflammation process: the inflammasomes. Those 
protein complexes are essential for the production of inflammatory cytokines (IL-1β/IL-18) 
and for the induction of regulated cell deaths in particular pyroptosis. Our objectives are to 
understanding the involvement of the NLRP6 inflammasome in IPF development. We use an 
experimental model of IPF with intratracheal (IT) administration of bleomycin (BLM) or saline 
(NaCl) to wild type (WT) mice and NLRP6 deficient (NLRP6-/-) mice. Here we show that a single 
bleomycin administration triggers the activation of the conventional pyroptosis pathway 
(caspase-1/gasdermin D) but also of a non-conventional pyroptosis pathway (caspase-
3/gasdermin E) in a dose-dependent manner. BLM administration leads to pulmonary 
inflammation and to pulmonary fibrosis (PF) within 14 days. According to our data, NLRP6-/- 
mice present a reduction of cellular inflammation, characterized by a decrease of immune cell 
recruitment in the broncho-alveolar space and in the lung tissue, and an attenuated lung 
fibrosis. Together, our data show a new pyroptotic pathway induced by bleomycin. Our data 
suggest that NLRP6 is involved in the development of experimental IPF through the activation 
of the caspase-1/gasdermin D and the caspase-3/gasdermin E pathways. 

Introduction: 

Idiopathic pulmonary fibrosis (IPF) is a progressive and chronic lung disease for which 
the mechanism remains poorly understood. This disease is one of the most severe interstitial 
lung disease (ILD). IPF is characterised by a repeated lung epithelium injury and excessive 
repair leading to progressive loss of lung function, a decline in quality of life and early mortality 
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Casp-3-dependent apoptosis (18). Compared to WT mice, NLRP6−/− mice show less 
inflammation and less immune cell recruitment. In our data, NLRP6 promotes pulmonary 
inflammation and fibrosis through a new pyroptotic pathway (Casp-3/GSDME). 

Materials and methods: 

Animals 

Wild type C57BL/6J (WT) mice were purchased from Janvier Labs or bred in our animal 
facility alongside genetically deficient or conditional mouse strains. We used also NLRP6−/− on 
the C57Bl/6J background obtained by a Material Transfer Agreement (MTA) with Millennium 
Pharmaceuticals, Inc., and provided by Dr Mathias Chamaillard (19). All mice were bred in our 
animal facility at Centre National de la Recherche Scientifique (Orleans, France). For 
experiments, only adult animals were used. All animal experiments complied with the French 
Government’s ethical and animal experiment regulations. All animals had access to water and 
food ad libitum before and after exposure. After BLM administration, wet kibble and hydrogel 
are placed in cage of all mice. 
 
Administration of Bleomycin 

Bleomycin (Bleomycin Bellon 15 mg) at 1.5 and 3 mg/kg or saline alone was given to 
the mice in intratracheal under light and isoflurane anaesthesia. 

Broncho-alveolar lavage (BAL) 

At the end of the experiments, the mice were euthanized using a specific protocol 
(Euthanex CO₂). After incision of the trachea, a plastic cannula was inserted and a 0.9% NaCl 
solution was administered into the air spaces to collect cells and mediators. The collected 
samples were divided into two fractions: the first (0.8 ml corresponding to the first wash) was 
used to measure mediators; and the second (2 × 0.8 ml corresponding to the second and third 
washes) was used for cell determination. The first fraction was centrifuged (800 × g for 10 
min), and the supernatant was fractionated and stored at −20 °C until mediator 
determination. Red blood cells were lysed using ACK lysing buffer solution and then were 
mixed with the second fraction. The cell pellet was suspended in 0.4 ml of PBS and stored at 
4 °C until cell determination. 

Lung perfusion and dissection 

Heart were perfused with an isotonic solution (#851007, Beckman Coulter, DHL) at the 
apex in order to completely empty the lungs of circulating blood. Once the lungs have been 
emptied, they were removed from the animal and sorted according to the different tests. The 
left lung were stored in paraformaldehyde (PFA 4% #F/P0014, DiaPath, MMFrance) at 4°C for 
48 hours and were used for histological analyses and immunofluorescence by cryo-sections 
(OCT). The upper right lobe were used for flow cytometry (FACS) analyses. To do this, the lungs 
were digested using a digestion medium solution composed of collagenase (05401127001, 
ROCHE) and DNase (#DN25 1g SIGMA-MERK). The lower right lobe were used for ELISA assays 
and Western Blots. For this, T-per (Tissue protein extraction reagent) (Thermo Fisher #78510) 
was added to extract the proteins present in the tissue, as well as a cocktail of antiproteases 
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and anti-phosphatases (Thermo Fisher #78442). The tissues were ground in the Precellys 
evolution (#P000062-PEVo0-A) three times for 30 seconds. The samples were then centrifuged 
at 12,000 rpm for 10 minutes at 4°C, and the supernatant was stored at -20°C. 

Western Blot 

For protein extraction, we used Tissue Protein Extraction Reagent (T-Per) (Thermo 
Fisher #78510) to extract the proteins present in the tissue, as well as a cocktail of anti-
proteases and anti-phosphatases (Thermo Fisher #78442). The tissues were then ground in 
the Precellys evolution (#P000062-PEVo0-A) three times for 30 seconds. The sampleswere 
then spin at 12,000 rpm for 10 minutes at 4°C, and the supernatant was stored at -20°C. 
Protein concentrations in tissue homogenates were determined using Pierce BCA protein 
assay (Thermo Fisher Scientific). Proteins amounting to 40 µg were denatured by boiling (95°C, 
5 min). Loading buffer (#NP0007, Invitrogen ThermoFisher Scientific), commercial buffer 
containing reducing agents (#B0008, Novex) and distilled water were added to adjust the 
volume. The samples were then denatured for 5 minutes at 95°C in a thermocycler and 
deposited on gels composed of 4 to 12% acrylamide (BoltTM 4-12% Bis-Tris Plus, ThermoFisher 
ScientificTM). Samples were prepared to have a protein concentration of 30 µg/25 µL. For 
migration, electrophoresis was then performed to separate the proteins according to their 
size and molecular weight. For the transfer, we prepared a 0.22 μm nitrocellulose membrane 
(Nitrocellulose blotting membrane, Amersham ProtranTM) which was incubated for a few 
minutes in transfer buffer (10X Tris/Glycine Buffer, Thermo Scientific). Semi-dry transfer was 
performed according to a specific programme of 25V for 30 minutes. To verify both protein 
migration and transfer to the nitrocellulose membrane, staining with Ponceau Red (#P- 3504, 
Sigma) was performed to observe the protein channels. 

Statistical analysis 

All graphs and statistical analyses were performed using Excel and Graphpad Prism 
software (GraphPad Software, Inc., La Jolla, CA). Protein quantification was performed using 
ImageJ software. Statistical analysis between experimental groups was performed using a 
non-parametric Kruskal-Wallis test if n>2 and a non-parametric Mann-Whitney test if n=2. If 
the samples follow a normal distribution, a one-way ANOVA test will be applied. Results are 
significant for any p-value < 0.05. 
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Figure N°1: Bleomycin administration triggers NLRP6 and pyroptotic pathways 
in a dose dependent manner. 

C57BL/6 WT mice were treated with saline (NaCl 0, 9%) or bleomycin (BLM) solution and 
sacrificed at 14 days. (A) Western Blot analysis shows the impact of each dose of BLM 
(1,5/2/2,5 mg/kg) on Casp-3/GSDME expression (B) Normalized expression of Casp-3, Cl-Casp-
3, GSDME and Cl-GSDME after BLM administration. (C) Western Blot analysis shows the impact 
of each dose of BLM (1,5/2/2,5 mg/kg) on Casp-1/GSDMD expression. (D) Normalized 
expression of GSDMD and cl-GSDMD form (p35/p25) after BLM administration. (E) Normalized 
expression of Casp-1, Cl-Casp-1 (p20) and NLRP6 after BLM administration. (F) Concentration 
of IL-1β (pg/mL) in lung after BLM administration. Data are shown as mean ± SEM, ns = non-
significant, *p <0.05; **p <0.01; ***p <0.001. 
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It is good to highlight the strengths. However, the priority 
should go to the points that can be improved

provides useful practical guidance for hydrogen PFI engine operation.The work is technically sound and
experimentally supported. While the influence of injection timing on hydrogen backfire has been dis-
cussed in previous studies, this paper adds valuable experimental data and clear correlation with valve
timing events on a single-cylinder heavy-duty engine platform. The paper is generally suitable for publi-
cation after minor revisions. The originality is moderate rather than highly groundbreaking, but the results
are relevant and useful for researchers working on hydrogen combustion and engine calibration.

Structure of the article Yes, the structure of the article is very well respected and fluid.

Title Yes the article title is well chosen, descriptive and not too wordy. Straight to the point.

Abstract The abstract is very good, it respects the typical structure of an article abstract with context, objec-
tives, method, results and consequences. However, one acronym was used (TDC) and the abstract did not
explicitely say what it was, so I had to google it.

Introduction Yes. The introduction clearly starts with the big picture first, then narrows it down. The state
of the art is well explained, and the importance of the author’s contribution as well.The problem is also
explicitely adressed. However, the final research objective and the novelty of the work could be stated
more explicitly. The introduction would benefit from a clearer identification of the research gap and a
more direct explanation of how this study extends previous work, as the current presentation gives the
impression of a continuation of existing studies rather than a distinctly new contribution.

Method The methods section provides a clear description of the experimental setup, engine modifications,
instrumentation, and operating conditions used in the study. The methodology appears suitable for in-
vestigating the influence of injection timing on backfire occurrence in a hydrogen PFI engine, and the
procedures are presented in a logical manner. The authors also explain the criterion used to identify back-
fire events through intake manifold pressure rise measurements. The study can be generally understood
and reproduced, although some additional details regarding repeatability, uncertainty analysis, and data
processing would further strengthen the reproducibility of the work.

Results The results are presented clearly and in a logical sequence. The identification of two specific injection
timing regions associated with backfire is the main finding of the study and is well supported by the intake
manifold pressure measurements and valve timing analysis. The figures are of good quality, and help
illustrate the observed behavior effectively, and the discussion remains consistent with the experimental
observations and previous literature.

Conclusion and Discussion The conclusions are generally consistent with the experimental results and remain
reasonable without overstating the findings. The discussion is coherent with previous studies cited by the
authors and supports existing understanding of hydrogen backfire mechanisms rather than contradicting
it. While the contribution is mainly incremental, the work provides useful practical insight for the calibra-
tion and safe operation of hydrogen PFI engines. The takehome message is clear: careful optimization of
injection timing is essential to reduce backfire and maintain stable combustion.

Language The manuscript is understandable, but grammar and phrasing need attention. Several awkward
phrases and minor errors are present. There is also some repetitive and slightly formulaic wording, but no
strong evidence of inappropriate AI use only possible light AI-assisted or templated phrasing.

Figures and Tables Yes, all the figures and tables are relevant to the article and consistent.

Citations and References Yes it does.The paper does not clearly state data availability or provide access to
underlying experimental datasets, which limits transparency. However, the experimental description and
cited literature are sufficient to understand the methodological context of the work.

Comments to the author The references are relevant and sufficiently comprehensive, but the formatting is
inconsistent and not fully aligned with a single citation style. A uniform reference formatting revision is
recommended.

Confidential comments to the editor I would consider this a moderate quality, publishable contribution after
minor revision, but not a high-impact advance in the field.

Your recommendation Minor revision required
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 Hydrogen has emerged as a very promising alternative fuel for internal combustion engines, providing 
significant potential to improve carbon-free transportation. However, its low ignition energy and wide 
flammability range can increase the risk of abnormal combustion events, such as backfire, which may affect 
engine performance and durability. Therefore, the elimination and detection of backfire are necessary to 
ensure engine safety. This experimental study of a hydrogen port fuel single-cylinder engine found that the 
backfire phenomenon is highly sensitive to the start of injection (SOI), as backfire was recorded only at two 
start of injection timings: around -30° and 110° with respect to the TDC of the intake stroke. Therefore, 
these critical SOI regions should be avoided to ensure safer operation of hydrogen port-fuel engines. 

1 Introduction 

Transportation is essential for connecting people, but it also 
produces greenhouse gases. In January 2025, the World 
Meteorological Organization (WMO) announced that 2023-2025 
were the three warmest years ever documented worldwide [1]. 
Therefore, it became necessary for the global community to 
implement prompt actions aimed at decreasing greenhouse gas 
emissions from transportation to avert extreme weather events. In 
response, Europe has set a goal to reduce emissions by 55% by 
2030 and to reach climate neutrality by 2050[2]. Achieving these 
goals requires a significant reduction in the transport sector's 
dependence on fossil fuels, along with the promotion of low-
carbon and renewable energy sources, including electrification 
and hydrogen technologies. [3]. Among various options, 
hydrogen internal combustion engines have gained attention 
because they can help achieve zero CO₂ emission targets due to 
the carbon-free nature of hydrogen fuel. Additionally, the existing 
engine infrastructure requires only minor modifications to operate 
on hydrogen, enabling a smoother transition from conventional 
fuels [4].  

Hydrogen is distinguished as a unique transportation fuel because 
of its specific characteristics when compared to traditional 
gasoline, as outlined in Table 1. It demonstrates a fast flame 
speed, broad flammability ranges, and a minimal quenching 
distance. Owing to its advantageous combustion characteristics, 
hydrogen can be delivered to the engine through either Port Fuel 
Injection (PFI) or Direct Injection (DI). Nonetheless, PFI offers 
advantages such as a simpler injection system and more 
straightforward implementation [5], [6]. Additionally, at low-load 
lean operations, they achieve high thermal efficiencies and low 
thermal NOx emissions [7], [8]. Despite its benefits, the use of 
hydrogen in PFI systems comes with specific drawbacks. At high 
load operations, hydrogen's low density leads to a decrease in 
volumetric efficiency. Additionally, it’s extremely low ignition 
energy increases the likelihood of combustion issues, including 
pre-ignition, knocking, and backfiring. [9], [10]. Among various 
combustion anomalies, the implementation of hydrogen Port Fuel 

Injection (PFI) technology is mainly impeded by backfiring [10]. 
In contrast to pre-ignition, backfiring occurs within the intake 
manifold when the air-fuel mixture ignites while the intake valve 
remains open, prior to the spark discharge. This results in the 
flames traveling back into the intake manifold [12]. 
Consequently, this results in reduced volumetric efficiency, lower 
in-cylinder pressure compared to the normal cycle as shown in 
Figure 1, and decreased power output [11], [13], [14], [15], [16], 
[17]. Various research studies indicate that combustion 
irregularities can occur due to several factors, such as the presence 
of localized areas with elevated temperatures [18] , oil droplets 
undergoing auto-ignition[19], improper ignition system settings 
[20], [21] , improper injection system setting [4], [11], [13], [21], 
[22], [23], [24] ,residual gas temperatures and engine speeds[22], 
as well as improper valve timing and  crevice volumes[13], [25]. 

 

Figure 1: Backfire phenomenon on hydrogen engine. 

Addressing and optimizing these factors to overcome hydrogen 
constraints is of paramount importance for the commercialization 
of hydrogen port fuel-injection (PPF) engines. In this context, the 
study focuses on a key controllable parameter, injection timing, 
which helps minimize mixture stratification near the intake valve 
and consequently reduces the likelihood of backfire.  
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The impact of injection timing on backfire occurrences was 
examined at an injection pressure of 30 bar, with a duration of 
3370 µs (28.3° CAD) at 1400 rpm and an air-excess ratio of λ = 
2.1. The timing of injection was varied from −45° CAD before 
top dead center (TDC) to bottom dead center (BDC) in order to 
achieve an indicated mean effective pressure (IMEP) of 8 bar, as 
illustrated in Figure 3. Areas marked with blue dots in the graph 
indicate where the target IMEP of 8 bar was successfully reached, 
while the red dots signify where backfires occurred. These 
incidents predominantly took place within two specific ranges of 
injection timings: between −35° to −30° CAD before TDC and 
around 110° CAD. Outside these ranges, the combustion 
remained stable, with no recorded backfires. 

 

Figure 3:Correlation of Injection Timing, Valve Events, and 
Backfire Behavior 

 

Valve lift diagrams, represented by the lower subgraph, describe 
the intake and exhaust valve opening and closing events. 
Backfiring events are highly associated with injection timing 
relative to the intake valve opening and exhaust valve closing. 
Early injection near IVO leads to rich hydrogen-air mixture 
accumulation around the intake valve. When the intake valve 
opens, the hot residue gas ignites the mixture, producing 
backfiring and decreasing the IMEP value [11], [13], [15], [21], 
[22], [24]. Likewise, if the fuel injection is delayed near the 
closing of inlet valve, partial air-fuel mixture remains in the intake 
port for subsequent cycle. Therefore, as soon as intake valve 
opens, the mixture at the intake valve seat ignites prematurely, 
producing backfiring [11], [13], [15], [21], [22], [24]. However, 
results depict that backfire happens at certain intervals, stressing 
the significance of proper timing in fuel injection as a useful 
approach to ensure steady combustion and meet required IMEP.  

4 Conclusion 

The present study presents a methodology for the identification of 
backfire occurrence and backfire sensitivity towards injection 
timing under constant engine speed and air-excess ratio 
conditions. The principal findings obtained from the analysis are: 

a. Injection timing has a significant influence on backfire 
occurrence in the hydrogen engine. 

b. Backfire incidents mainly occurred between −35° to 
−30° CAD before TDC and around 110° CAD, 
whereas stable combustion was achieved outside these 
injection timing regions. 

c. The occurrence of backfire was strongly related to the 
interaction between injection timing and intake valve 
events. 

d. Precise optimization of injection timing is therefore 
essential to suppress backfire, maintain combustion 
stability, and achieve the target IMEP of 8 bar. 
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ABSTRACT:

Iodine is considered as one of the most promising
alternative to noble gases, especially xenon, as pro-
pellant for space electric propulsion. A significant
challenge in iodine plasma diagnostics is the accu-
rate determination of species temperatures, which
is complicated by the extensive hyperfine splitting
of the energy levels. In this work, Laser-Induced
Fluorescence (LIF) is employed to study atomic and
singly ionized transitions, specifically implementing
two new identified LIF schemes: an atomic scheme
at 804.590 nm (fluorescence at 911.639 nm) and
an ionic scheme at 681.445 nm (fluorescence at
516.26 nm).To resolve the hyperfine structure and
account for the Doppler broadening inherent in stan-
dard LIF spectra, a saturation spectroscopy tech-
nique was implemented and validated. By fitting the
experimental data with a Voigt profile, the transla-
tional temperatures were determined from the Gaus-
sian component. The results demonstrate that this
methodology provides a consistent means of tem-
perature determination in iodine plasmas, facilitat-
ing the characterization of both neutral and ionized
species.

1. Introduction

Iodine represents a concrete alternative to noble
gases in the field of space electric propulsion.
This propellant offers advantageous performance in
terms of specific impulse and thrust-to-power ratio
that are comparable to xenon and significantly su-
perior to krypton and argon. Iodine has a storage
density three times higher than supercritical xenon,
allowing smaller and lighter tanks. Furthermore, io-
dine is abundant on Earth and consequently highly
cost-effective. This stands in contrast to xenon,
whose price has increased dramatically in recent
years due to the global geopolitical situation.
Although iodine offers the advantage of being stored
as a solid, thereby eliminating the complex pres-
surization systems required for gaseous propellants,
its nature as a halogen renders it highly corro-
sive to conventional aerospace materials, such as

aluminum or stainless steel. Consequently, ex-
tensive research into compatible materials is es-
sential for the implementation of iodine propul-
sion; nickel-based alloys, such as Inconel 625 and
Hastelloy C-276, have shown promise in provid-
ing the necessary corrosion resistance. Simultane-
ously, the most challenging aspect of utilizing iodine
lies in the testing phase, where primary laboratory
equipment is often composed of incompatible mate-
rials, necessitating specialized mitigation strategies
and precautions.
At a chemical level, iodine exists as a diatomic

molecule with a low dissociation energy of 1.54 eV.
The ionization potential of the iodine atom is
10.45 eV — lower than that of xenon—which, under
specific operating conditions, translates into higher
ionization efficiency. Consequently, characterizing
iodine plasma is fundamental to enhancing and op-
timizing the performance of electric thrusters. This
study aims to employ optical diagnostic techniques,
specifically Optical Emission Spectroscopy (OES)
and Laser-Induced Fluorescence (LIF), to determine
the properties of iodine atoms and ions, with a pri-
mary focus on their Velocity Distribution Function
(VDF) and temperature. The diagnostic methodolo-
gies developed will be applied to the investigation of
a radiofrequency (RF) cathode operating with iodine,
conducted as part of the European project BOOST
(Building blOcks for iOdine thruSTers) [1].
This paper is organized as follows. Section 2
presents the hyperfine splitting of the different tran-
sitions selected, Section 3 describes the plasma
source used and the LIF setup. Section 4 shows the
results obtained and the determination of atomic and
ionic temperature. Finally, conclusions are given in
Section 5.

2. Transition selection and hyperfine structure

The rules that usually have to be observed when se-
lecting the transition to be probed by the LIF spec-
troscopy technique are that the state must be suffi-
ciently populated and must be accessible with the
laser [2]. For this reason, as mentioned above,
ground states cannot be selected as there are no
lasers at this wavelength. Choosing a metastable
state means that it has a higher lifetime and is there-
fore more populated and suitable for LIF. Consid-

1
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Figure 18. Diagram of a LIF saturation spectroscopy optical bench. (BS*: Beam Sampler, BS: Beam Splitter, M:
Mirror, L: Lens, D: Diaphragm).

hyperfine splitting. Saturation spectroscopy is there-
fore employed to determine the hyperfine structure,
as it overcomes the limitations imposed by Doppler
broadening.
In this work, a LIF saturation spectroscopy tech-
nique, previously applied under similar experimen-
tal conditions [13], is implemented to resolve the hy-
perfine structure of the 5d 5D→

4 → 6p 5P3 transition at
696.070 nm. This hyperfine splitting was previously
investigated by Lazo in [6] using intermodulated LIF
spectroscopy. The objective of the present study is
both to compare the performance of this Doppler-
free technique and to establish a methodology for
the future determination of the hyperfine splitting of
the 5d 5D→

3 → 6p 5P3 transition at 681.445 nm. The
saturation spectroscopy setup is shown in Figure 18.
The laser beam is split by a beam splitter into a 30%
probe beam and a 70% pump (or saturation) beam,
which are superimposed inside the cell. The inten-
sity of the probe beam is modulated using a chop-
per, while the fluorescence emitted at 90° with re-
spect to the cell axis is detected and monitored at
the chopping frequency. The pump beam saturates
the observed transition and is additionally focused to
increase the power density. As a result, the probe-
beam lineshape exhibits Lambda-dips at the posi-
tions of the hyperfine transitions. By subtracting the
saturated spectrum from the unsaturated one, the
Lambda-dips can be isolated, as shown in Figure 19.
The signal obtained using only the probe beam is
shown in light grey, whereas the saturation effect is
represented by the dark grey curve. The difference
between the two signals isolates the positions of the
Lambda-dips, which can be verified from the exper-
imental coefficients. The hyperfine splitting is indi-
cated in red, and the transition frequencies are in
good agreement with the positions of the Lambda-
dips. Higher accuracy is achieved for the most in-
tense transitions, while the weaker transitions are
more difficult to saturate. As already explained in
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Figure 19. Doppler-free spectroscopy of the iodine ion
at 696.070 nm. The light grey curve represents the
single-beam signal, the dark grey curve the saturated
signal, and the blue curve the difference between the
two. The hyperfine transitions are indicated in red.

Section 4.1 for the atom, the ion temperature can be
determined fitting the experimental data with a Voigt
profile. The result of the fitting is shown in Figure 20,
where the temperature found is T = 1236.6±317.0 K,
in line with what obtained in a similar iodine plasma
discharge [6].

5. Conclusions

This work successfully implemented Laser-Induced
Fluorescence (LIF) spectroscopy to characterize io-
dine plasma discharges in both capacitive and in-
ductive regimes. A major contribution of this study
is the identification and characterization of two novel
LIF excitation-emission schemes, one atomic and
one singly ionized, which have not been previ-
ously reported in the literature. The plasma source,
consisting of a reference cell with vapor pressure
regulated via cold-finger temperature control, was
first characterized through Optical Emission Spec-

8
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Figure 20. LIF spectrum of atomic iodine at
696.070 nm with fluorescence at 516.26 nm. The sum
of the gaussian profiles of each hyperfine component
gives the translational temperature of the ions.

troscopy (OES) to identify the population of species.
Several LIF spectra were then acquired to charac-
terize the signal varying pressure and rf power. To
accurately determine the translational temperatures
of atoms and ions, a saturation spectroscopy tech-
nique was implemented. This pump-probe configu-
ration proved essential to resolve the hyperfine split-
ting caused by the non-zero nuclear spin of iodine.
The effectiveness of this saturation-based approach
was rigorously validated, yielding results that are in
good agreement with established literature and con-
sistent with findings obtained through independent
diagnostic techniques. Through a Voigt profile fitting
of the experimental data, the translational temper-
atures for both atoms and ions (specifically for the
ion transition at 696.070 nm and atomic transition
at 804.590 nm) were successfully calculated. Fu-
ture works will focus on the detailed determination of
the hyperfine splitting and temperature for the newly
identified ionic scheme at 681.445 nm.
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Enantioselective Reduction for the Synthesis of Chiral N,O-
Heterospirocycles to improve Molecular Diversity 
Alexandre MARTINEZ,*a Karen PLÉ a and Sylvain ROUTIER a 

 

A simple, quick and efficient Gold(I)-Catalyzed O-spirocyclization followed by an enantioselective reduction is described. 
Cyclization of tertiary alcohol with functionalized alkynes gave a small library of heterospirocycles bearing differently N-
protected amines. The resulting double-bond is then smoothly reduced in a highly enantioselective way.

 

Keywords : Gold(I)-catalysis, spirocycles, enantioselective reduction, molecular diversity. 

 

Introduction 
Chemical space is a concept that refers to the set of all possible 
molecules that have been or can be made. Exploring it is a continuous 
challenge as it opens new perspectives for all chemical fields, with a 
particular interest in medicinal chemistry. In the past decades, the 
majority of drug candidates have evolved in a limited chemical space 
with mostly flat and highly aromatic Csp2 containing structures. 
Developing molecular diversity (creating new molecules) and further 
exploring chemical space is possible by increasing complexity[1,2] 
which is, as defined by Lovering and co-workers, a set of two 
parameters : the first one is Fsp3, which represents the fraction of sp3 
hybridized carbons divided by the total number of carbons on the 
compound. The second one is the presence of at least one chiral 
center on the compound. The use of N- and O- Csp3-rich saturated 
heterocycles is a common tool for increasing diversity[3]. Saturation 
brings a third-dimension to molecules and can favorably affect 
pharmacokinetic properties such as potency, selectivity and 
solubility, to name a few. The rise of heterospirocycles in biologically 
active compounds[4-6], (as illustrated in Figure 1) is therefore no 
surprise as their fully-substituted sp3 carbon fused cycles defines a 
robust, organized three-dimensional core.  

 

 

 

 

Figure 1 : Exemple of biologically active spirocycles. 

Previous works in our lab [7,8] has led to a very quick and efficient 
synthesis of such heterospirocycles. Based on these results, we now 
take a step further in complexity and molecular diversity by 
selectively reducing the double-bond obtained during the 

a. Institut de Chimie Organique et Analytique, University of Orleans, CNRS UMR 
7311, 45067 Orleans Cedex 2, France. 
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The organisation of the 
article does not follow the 
classical one

Abstract The summary is very brief. It does not provide the context of the study or explain its significance. It
merely describes what was done experimentally. It is unclear what the aim of this study is, or whether that
aim was achieved.

Introduction

Method The introduction lacks substance: it does not summarise previous research that would help to situate
the study within its context. It merely outlines what has been done without setting out the hypotheses or
the general experimental design or methodology.

Results The results section reads more like a methodology section, but it does set out the results obtained.

Conclusion and Discussion There is no link between the results and previous studies. The conclusion does
not explain how this research advances the state of scientific knowledge. The prospects are set out.

Language The language is fine (my English isn’t good enough, nor do I have enough experience with AI and
this field to make a detailed assessment)

Figures and Tables The difference between a figure and a scheme has not been understood. The text refers to
molecules 1’ to 4’, but these are not shown. Figure 2 is never mentioned in the text, nor are molecules 9 to
13, which appear in this figure.

Citations and References The first reference is presented differently. References are cited and named. Their
relevance could not be assessed.

Comments to the author The article lacks information and clarity.

Confidential comments to the editor I’m not sure what might lead to a paper being rejected outright, so I’m
ticking the box for ‘major changes’.

Your recommendation Major revision required

13 Nikiema, Pouloumdé

Originality and significance The article addresses an important computational issue in the dynamic analysis
of industrial bladed disks, namely the high computational cost caused by large numbers of internal and
interface degrees of freedom. The proposed idea of combining the wave finite element method with an
interface reduction based on boundary modes is relevant and useful. The originality is moderate to good:
the WFE method, Craig-Bampton reduction, and cyclic symmetry theory are established approaches, but
their combination for efficient analysis of industrial bladed disks is presented in a clear and practically
meaningful way. The work is significant for applications involving large finite element models and re-
peated frequency-response calculations.

Structure of the article The article is generally well structured. It contains the main expected sections: ab-
stract, introduction, methodology, model reduction strategy, numerical results, conclusion, and refer-
ences. The introduction clearly explains the computational difficulty and motivates the need for model
reduction. The method section presents the WFE framework, followed by the proposed reduction tech-
nique. The results section compares the proposed approach with the cyclic symmetry method using an
industrial 3D bladed disk.

Title The title clearly describes the main topic of the article. It indicates both the methodological aspect,
“wave-based model reduction”, and the application, “dynamic analysis of bladed disks”.

Abstract The abstract reflects the content of the article well. It introduces the problem, the WFE method, the
proposed model reduction idea, and the numerical validation on a 3D industrial structure. It is concise and
contains the key elements. However, it could be improved by adding one quantitative result, for example
the level of computational time reduction or the range of reduction parameters tested. This would make
the significance of the proposed method more concrete for the reader.

13
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a large WFE eigenproblem to assess the waves traveling around a bladed disk at many frequencies, a
reduction technique has been proposed. Within this framework, the displacement vectors at the substruc-
ture interfaces are approximated using a reduced set of boundary modes, and therefore a small number
of forward/backward-going waves. Through comparison with the classical cyclic symmetry, the pro-
posed approach has been proven accurate and efficient to compute the response functions of an industrial
bladed disk with 3D substructures. While these two methods are comparable for tuned bladed disks, the
classical cyclic symmetry finds its limitations when it comes to the analysis of the dynamic response of
mistuned bladed disks in which case the method requires the use of the component modes of the full
structure.
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Figure 2: Response functions of the tuned structure for (a) EO = 1, (b) EO = 2 and (c) EO = 3: (green dashed line)
WFE/reduction with m = 20; (blue dashed line) WFE/reduction with m = 60; (red dashed line) WFE/reduction with m =
100; (black continuous line) cyclic symmetry sith m = 100.

!f = 1 Hz) with MATLAB using an Intel® Xeon® CPU E3-1505M 3GHz processor. For moderate
reduction levels (e.g., m = 120), classical cyclic symmetry remains slightly more computationally effi-
cient. However, as the reduction becomes more aggressive (m → 100), the proposed approach achieves
slightly superior CPU performance. It is important to note that both methods maintain high numerical
accuracy even at these lower dimensionalities.

Figure 3: Computational times required by the WFE method (blue curve) and the theory of cyclic symmetry (green curve).

5. Conclusion

The WFE method has been applied to the dynamic analysis of bladed disks subjected to a harmonic
engine order excitation. The focus is on the analysis of industrial structures that involve substructure
(sector) FE models with many internal and boundary/interface DOFs. To address the issue of computing

6

Use more active tense + make your text more catchy & interesting



T.	Dudok	de	Wit Scien0fic	wri0ng	-	2026	

14.	Subhadip	PAL

394

misleading abstract 
because it does not 
have a canonical 
structure

Biomass to biofuels: An energy analysis for sugarcane ethanol plant 

Abstract 

This research article discusses the energy consumption associated with bioethanol production from 

sugarcane. Through this example presented within this study, the idea that production of cleaner-burning 

biofuels often requires substantial energy input, frequently derived from fossil fuels such as natural gas 

and diesel is suggested. Biofuels are promoted as a sustainable alternative to fossil fuels. However, the 

reliance of biofuel production on fossil fuels offsets the intended reduction in carbon emissions. To 

systematically evaluate the effectiveness for any biofuel production pathway, the study develops a biomass-

to-biofuel energy flow framework and quantifies process efficiencies for a range of biofuel pathways. All 

energy values are normalized and reported in terms of MJ per kg of input biomass feed to ensure 

consistency and comparability across different fuel types. From energy flow analysis of other biofuels apart 

from bioethanol like biodiesel, biogas, syngas (not presented in this study) a clear trend is revealed: as the 

degree of chemical processing and refinement increases, the overall conversion efficiency from biomass to 

usable fuel decreases due to cumulative energy losses at each processing stage. It is important to note that 

this study adopts a defined system boundary limited to industrial operations. Hence activities like 

harvesting, transportation and fuel distribution are not taken into account. Despite this, through this study 

we understand that biofuels emitting less carbon emissions at the point of combustion are not necessarily 

green to produce. This points to the fact that a holistic evaluation of biofuel technologies is important, 

considering production pathways and its biomass to biofuel conversion efficiency.    

Keywords: Biofuels, energy analysis, renewable energy  

1. Introduction 

Owing to global warming, governments in several countries are pushing for climate change policies that 
aim to reduce carbon emissions. As the world’s population increases in the coming decades, energy 

demand is expected to surge correspondingly. In this context, it becomes imperative to address energy 
generation within the paradigm of sustainability in order to mitigate the adverse impacts of climate change. 
One of the ways to minimize carbon emissions is by partially or totally replacing fossil fuel usage with 
biofuels. However, at the same time it is important to take note that large scale biofuel production require 
energy input and more often than not this energy input is in form of fossil fuels like diesel or natural gas. 
This study addresses this aspect of biofuel production. Biofuel energy flow diagrams utilizing several 
published energy consumption research data are presented in this study. By taking into account the inputs 
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The conclusion is too generic and does not refer to the work done

4. Discussion 

From Figure 2 it is clear that roughly only 3 to 4 % of the energy content of sugarcane stalk is retained in 
the bioethanol produced in the Ecuadorian plant. The efficiency of the plant is the ratio of the energy 
content of the biofuel output by the total energy input (biomass energy content and external energy 
provided). Considering a pure ethanol plant where the output is 0.076 L per kg of sugarcane input (Shelar 
et al., 2023), the overall efficiency of the plant amounts to 18.93 to 25.23 %. The viability of any biofuel 
production process is determined by considering its overall efficiency. Including energy content of sugar 
and the electricity produced, the Ecuadorian plant has an overall efficiency of 19.5 to 26 %. Thus, it is 
evident that irrespective of the byproducts, roughly 75 to 80% of the input energy is termed as losses. 
These losses mainly appear as heat or frictional losses during mechanical processes. In many other biofuel 
production pathways like corn-based bioethanol or biobased diesel production pathways, diesel and 
natural gas are used to supply heat. 

5. Conclusion 

Production pathway of any biofuel will inevitably lead to energy losses. Without the use of fossil fuels, 
production of certain biofuels will come to a halt. As the complexity of the biofuel production pathway 
increases, cumulative energy losses make it unviable and reduce the overall efficiency of the process. 
Increasing energy losses are associated with increasing carbon emissions. A more holistic evaluation of 
biofuel technologies is necessary keeping production efficiency and life cycle environmental impacts. 
Despite all this, a cost effective and natural strategy for controlling climate change crisis is the expansion 
of forest cover through large scale tree planting and ecosystem restoration. 
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This may be a good enough reason to reject the paper

Figures and Tables The tables and figures are the most critical part of the story, but they suffer from extreme re-
dundancy. The quantitative data trapped inside the visuals is highly informative. It proves the author’s core
thesis: that the thermodynamic processing losses inside the plant gates consume 75% to 80% of the raw
biomass energy. Without these figures and tables, the paper would have no empirical backbone. However,
they are not integrated efficiently. The author presents the exact same data points three separate times:
typed out fully in the prose text, compiled into an aggregated table (Table 4), and mapped onto a process
flow diagram (Figure 2).

Citations and References No, the referencing is highly flawed and lacks academic transparency. The most
critical issue with the manuscript is how it handles its primary data source. The entire paper is built around
an operational dataset from a 2018 sugarcane plant in Ecuador. In Section 3, the author casually mentions
that this data comes from a study by Arcentales-Bastidas et al. (2022).

Comments to the author

Confidential comments to the editor

Your recommendation Major revision required

15 Perini, Fabiano

Originality and significance "The article claims to report a novel conclusion. The author mentions that this is
the first publication that talks about Ar+ ion velocity and also introduced two novel laser probing schemes.
Reading the abstract and conclusion makes it clear what the article is about. Depending on the journal the
authors targets, authours need to modify their manuscript and respect their guidelines. The introduction
also needs to be expanded to include ongoing or past relevant research work of other groups. However,
upon rectifying these changes this article can be published."

Structure of the article All key elements are present. However in methodology, the authors have provided a
description of the thruster and technique which in my opinion ought to be present within the introduction
section.

Title The title describes the artcile, however it is long. ’Comparitive examination of fluorescence probing tech-
niques using Ar and Xe cations for electric propulsion using Hall Thrusters’ can be one of the tentative
titles.

Abstract The abstract outlines the need to investigate laser induced fluoroscence citing the techno economic
factors. It is brief, concise and outlines what the author wants to express through this article.

Introduction "The introduction talks about the technical challenge Ar poses and why it is prefered over Xe in
satellite propulsion systems. However the introduction is short. There is no discussion on state of the art
literature from other research groups. It also doesn’t mention the outline of the research paper at the end
like the reader would expect what in the subsequent sections. So the introduction does require more effort
to be accepted in a journal."

Method The authors provide a short introduction and a step by step explanation regarding the numerous
parameters involved and their following data acquisition methods. This enables another research group
to follow their research to verify their claims.

Results By citing images within the article, the authors illustrate and analyse their findings through these im-
ages. They provide appropriate scientific justification based on image analysis.

Conclusion and Discussion The first line of the conclusion communicates their findings and is their take home
message. They further highlight some of the insights they gained through this experiment and give a ten-
tative direction towards future.

Language The english is representative of a research article.

Figures and Tables There is a lot of images present within this research article that aims to illustrate the author’s
point. They help the reader to understand the authors point of view.

16
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Investigation of the Acceleration Potential and the Electric Field Profiles in a 100W
Hall Thruster via Comparative Ar+ and Xe+ Laser Induced Fluorescence (LIF)

Spectroscopy
BARI, ITALY | 18 - 21 MAY 2026

F. Perini(1) and S. Mazouffre(1)

(1)Institut de Combustion, Aérothermique, Réactivité et Environnement,
Centre National de la Recherche Scientifique, 1C Avenue de la Recherche Scientifique, 45071 Orléans

Email: fabiano.perini@cnrs-orleans.fr, stephane.mazouffre@cnrs-orleans.fr

KEYWORDS: Laser Induced Fluorescence, ar-
gon, xenon, spectroscopy, electric field, accelera-
tion potential, laser diode.

ABSTRACT:

Hall thrusters (HTs) are among the most widely used
electric propulsion technologies for satellites. Xenon
has long been the standard propellant because of
its high atomic mass, low ionization energy, and in-
ert nature, allowing HTs to reach efficiencies above
50%. However, its rising cost has motivated re-
searchers and space agencies worldwide to explore
cheaper alternatives like krypton, argon, iodine and
water. In this work, both argon and xenon were uti-
lized to operate the ISCT100, a 100 W class Hall
thruster developed by the ICARE laboratory of the
CNRS in France. Laser-Induced Fluorescence (LIF)
is employed to resolve the axial ion velocity distribu-
tion within the acceleration channel and the near-
field plume region. By analyzing the Doppler shift of
the fluorescence spectra, the local ion velocity is re-
constructed, allowing for the direct determination of
the acceleration potential and the spatial evolution
of the electric field. This study introduces and vali-
dates novel LIF schemes for probing both xenon and
argon ions. For the first time, the Ar+ ion is probed
using LIF within an Hall Thruster, providing unprece-
dented data on the acceleration dynamics of lighter
noble gases. Furthermore, to the best of the authors'
knowledge, the specific LIF transitions utilized in this
study for both Ar+ and Xe+ are being explored and
characterized for the very first time in this context.

1. Introduction

Hall thrusters (HTs) are established as a primary
propulsion technology for modern satellite missions
due to their high efficiency and reliability. Histori-
cally, xenon has been the propellant of choice; how-
ever, the recent volatility in xenon pricing and its
limited availability have driven the electric propul-
sion community to investigate more cost-effective
noble gases, such as argon. Despite its economic
benefits, argon presents significant physical chal-
lenges due to its higher ionization potential and

lower atomic mass, which directly affect the dis-
charge stability and the thruster efficiency.
This work presents a comparative study of the

ISCT100 (ICARE-CNRS) operating with xenon and
argon, focusing on the characterization of the ac-
celeration potential and electric field distribution. By
employing Laser-Induced Fluorescence (LIF) spec-
troscopy, the spatial evolution of the ion velocity pro-
files is resolved along the thruster axis for both pro-
pellants. Directly probing Ar+ ions presents signifi-
cant challenges due to the low intensity of the transi-
tion chosen, which necessitates long signal integra-
tion times. This requirement poses a major opera-
tional challenge: the Hall thruster must maintain a
stable discharge for several consecutive hours (up
to 4-5 hours) without spontaneous shutdowns—a
condition difficult to achieve with argon compared to
xenon.

2. Methodology

The experiments have been carried out at the
Electric Propulsion Laboratory of the ``Institut de
Combustion, Aérothermique, Réactivité et Environ-
nement (ICARE)'' in Orléans. The laboratory houses
a cylindrical stainless-steel vacuum chamber with an
internal diameter of 0.8 m and a length of 1.8 m.
As shown in Figure 1, the chamber features a front
access door, which facilitates the installation of ex-
perimental components, and is equipped with a va-
riety of feedthroughs, including electrical connec-
tions, ports for gas lines, and dedicated optical fiber
feedthroughs, thereby ensuring the integration of
various experimental diagnostics and subsystems.
Primary evacuation is performed by a rotary pump
(Edwards GV110) with a capacity of 400 m3/h, which
reduces the chamber pressure to approximately 1×
10−2 mbar. In addition, a turbomolecular pump with
a pumping speed of 2200 L/s, in combination with a
cryogenic pump, enables the system to reach high-
vacuum conditions in the range of 1--2×10−6 mbar.
The internal pressure is continuously monitored by a
pressure gauge, while pump operation can be man-
aged from an electrical control panel located next to
the vacuum chamber.

1

In the introduction, one expects to read 
about the state of the art
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“The role of secondary phases on grain size reduction during deformation at 
midcrustal conditions” 
Gabriel Serrano-Lopez, Laura Airaghi, Hugues Raimbourg, Ida di Carlo, Jacques Précigout 

Abstract 

In the continental crust, rock weakening is necessary to localize deformation into shear zones. Most rock 
weakening in monomineralic rocks at midcrustal conditions is related to grain size reduction via dislocation 
creep, which is mostly controlled by the flow stress. Nevertheless, in the lithosphere, most rocks are 
polymineralic. In mica-quartz assemblages, the presence of mica effectively induces rock weakening. This 
seems to be related to a complex interaction between both phases, rather than just the partition of strain 
into mica. Nevertheless, few studies have delved into the effect that mica has on the grain size reduction 
of quartz since most studies assumed deformation to be accommodated in mica.  This work aims to test 
whether quartz grain size is reduced on mica-bearing rocks in controlled deformation conditions and initial 
grain size, and to discuss the mechanical implications of grain size reduction in polymineralic rocks. To do 
so, we performed deformation experiments on a pure quartz aggregate and in two aggregates with 30% 
vol of mica in a Griggs apparatus at T=800°C, P=1 GPa, H2O=0.1%, and ė≈1x10-5s-1, in simple shear 
geometry. From the post-mortem samples, we compared the grain size distribution and average grain size 
of the recrystallized fraction. In our samples, the new grains are smaller in mica-bearing rocks than in pure 
quartz rocks. The presence of mica efficiently promotes grain size reduction of quartz, adding a new weak 
phase in the system that becomes progressively dominant. The presence of two weak phases can 
potentially further reduce the strength of crustal rocks by favoring grain-size-sensitive creep over 
dislocation creep, rather than just partitioning the stress on the initially weak phase. By comparing the 
flow stress of the experiments and the resulting grain sizes, we concluded that the paleopizometers 
classically used for calculating the flow stress on shear zones cannot be applied to polymineralic rocks, 
since they may overestimate the flow stress. 

Introduction 

Deformation in the mostly viscous lower portion of the lithosphere is typically localized in narrow regions 
known as shear zones.  Shear zones accommodate a significant part of the motion between tectonic plates 
in different contexts (Bercovici and Ricard, 2012; Gueydan et al ., 2014), assist mountain building and basin 
formation (Tikoff and de Saint Blanquiat, 1997; Gueydan et al., 2003), play a crucial role in fluid flow within 
the lithosphere (Fusseis et al., 2009; Precigout et al., 2017), and are linked to the occurrence of 
earthquakes (Menegon et al., 2017). 

To localize deformation in mostly homogeneous rocks, some textural features are developed to make the 
rocks weaker. Experimental and field observations have shown that most monomineralic rocks decrease 
their strength through grain size reduction via dynamic recrystallization. This process involves the 
mobilization of crystal defects (dislocations) within grains, which accumulate along planes. These planes 
separate subregions within a grain with a low misorientation to each other (< 10°), known as subgrains. 
With progressive strain, subgrains increase their misorientation above 10°, and they become independent 
new grains. When the grain size is small enough, new deformation mechanisms can be activated, such as 
grain-size-sensitive creep (GSSC) (Kilian et al., 2011). GSSC allows grains to behave like a granular flow, 
which is a more efficient mechanism for accommodating deformation in rocks (Paschier and Trow, 2005). 

Experimental works have established that the average diameter of subgrains and new grains is dependent 
on the flow stress (differential stress) during deformation for monomineralic rocks (Stipp and Tullis, 2003; 
Cross et al., 2017). For this reason, the grain size of dynamically recrystallized quartz has been commonly 

The length of the 
abstract should remain 
proportionate to that 
of the paper
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references

pure quartz aggregates. This can be linked to the pinning effect of mica, limiting the growth rate of quartz 

grains. The abundant new small grains, together with mica grains, act as an overall weak assembly. This 

can further explain the important weakening of rocks in the presence of mica, being a relevant process in 

the formation of shear zones in the continental crust. This has further implications in the application of 

paleopiezometers, since in polymineralic rocks, the flow stress determined from the recrystallized quartz 

grain size can be overestimated.To further study the role of micas in deformation and their role in their 

interplay with different mineral phases, further studies should focus on the processes leading to smaller 

recrystallized grains and the effects of different initial grain sizes during the experiments. 
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second is a non-radical pathway, involving singlet oxygen (¹O₂) generation or direct electron 
transfer between the AC surface and the pollutant [4, 6]. The most recent studies have reported 
the involvement of singlet oxygen as a dominant reactive oxygen species in PDS/PMS-based 
AOPs with carbonaceous materials [6]. 

However, the role of microporosity itself has received little attention. The porosity may play a 
direct role in the physical retention and confinement of PDS molecules before any activation 
event. Activated carbons are highly microporous materials whose adsorption properties are 
governed by both their structural properties and surface chemistry [7]. The characterization of 
their pore size distribution is performed by nitrogen adsorption at 77 K, using advanced models 
such as the 2D-NLDFT heterogeneous surface approach or BET model [8]. To our knowledge, 
no study has yet investigated whether PDS molecules can be physically adsorbed within the 
micropores of AC upon contact, nor what implications such confinement might have for the 
activation mechanism and for the potential regeneration of pollutant-saturated ACs. 

In this work, we address this gap in the literature by characterizing the porous texture of a 
commercial CA (AS2000, 10×20 mesh) before and after contact with PDS, using different 
degassing temperatures (30 °C and 250 °C) as our analytical method. We aim to determine 
whether PDS is physiosorbed within the CA micropores and to discuss the implications of this 
finding for understanding PDS activation and CA regeneration. 

2. Materials & Methods 

2.1 Materials 

The activated carbon used in this study is a commercial granular activated carbon AS2000 
(10×20 mesh), supplied by Jacobi Carbons (Vierzon, France). Sodium peroxydisulfate 
(Na₂S₂O₈, PDS, ≥98%) was used as received without further purification. All solutions were 
prepared using ultrapure water (resistivity > 18.2 MΩ·cm). 

2.2 Preparation of PDS-AC system 

Contact experiments were carried out by immersing the AC in an aqueous PDS solution 
prepared with ultrapure water, at a PDS concentration of 4 g/L and an AC concentration of 0.5 
g/L, at ambient temperature and pressure. The suspension was maintained for 4 hours to allow 
adsorption within the porous network of the AC. The solid phase was then recovered by 
filtration and rinsed with ultrapure water to remove any surface-deposited PDS not retained 
within the pore structure. The recovered solid was dried in an oven at 25 °C a temperature 
chosen to avoid any activation or desorption of the potentially physiosorbed PDS before textural 
characterization. 

2.3 Textural characterization 

The porous texture of the raw AC and PDS-AC system samples was characterized by nitrogen 
adsorption-desorption at 77 K, performed on a Micromeritics ASAP 2020 instrument 
(Micromeritics Instrument Corporation, Norcross, GA, USA). Before each measurement, the 
samples were degassed under vacuum for at least 24 hours at two different temperatures: 30 °C, 
to preserve possible PDS in the pores, and at 250 °C, to thermally desorb the PDS and recover 
the porous texture of the AC. The choice of these two degassing temperatures was because 30 
°C is sufficiently low to avoid any desorption of physiosorbed species or a possible activation 
of the PDS, while 250 °C exceeds the decomposition temperature of sodium peroxydisulfate (> 
180 °C), ensuring complete removal of PDS from the porous structure. 
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Exploring 35 years of soil organic carbon data in French agricultural1

soils: patterns heterogeneities and implications for spatio-temporal2

modelling3

Mina Chavelle Tchoua Tchoua
1 2

4

1
INRAE, Info&Sols, 45075, Orléans, France5

2
Orleans University6

Abstract7

Monitoring long-term changes in soil organic carbon (SOC) is essential for assessing the sustainability8

of agricultural systems and the contribution of soils to climate regulation. In France, the Base de9

Données des Analyses de Terre (BDAT) provides an exceptional long-term record of SOC concentra-10

tions in agricultural soils, comprising nearly 3.8 million records spanning 44 years (1981–2025). This11

study presents the first comprehensive exploratory analysis of this database, examining the temporal12

evolution and spatial distribution of SOC across metropolitan France at the canton scale. Results13

reveal a highly uneven spatial coverage, with western regions substantially overrepresented relative to14

Mediterranean and mountainous areas. The coexistence of two analytical methods (wet oxidation and15

dry combustion), with a mean systematic o!set of 2.8 g kg→1, introduces a methodological disconti-16

nuity that precludes direct temporal comparison without prior harmonisation. Canton-level analysis17

of SOC change between 1991–2000 and 2011–2025 reveals near-stability at the national scale (me-18

dian ”SOC = →0.07 g kg→1), but pronounced spatial heterogeneity, with individual cantons showing19

changes ranging from →15 to 15 g kg→1. These findings underscore the need for method harmonisation20

and spatially explicit modelling as prerequisites for robust SOC trend analysis.21

Keywords: soil organic carbon; BDAT; spatio-temporal analysis; measurement harmonisation;22

France; long-term monitoring.23

1 Introduction24

Soil organic carbon (SOC) is a key indicator of soil health and a critical component of the global25

carbon cycle. Soils store around 1,500 Gt of carbon globally roughly twice the amount held in the26

atmosphere and play a central role in regulating climate, supporting biodiversity, and maintaining27

agricultural productivity (Lal, 2004). The international 4 per 1000 initiative, launched at COP21,28

highlighted the potential of agricultural soils to help o!set CO2 emissions by increasing SOC stocks29

by 0.4% per year (Minasny et al., 2017). Achieving this requires knowing where SOC stocks currently30

stand and how they have been changing over time.31

1
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Figure 1: Number of records per year in the BDAT (1981–2025), split by measurement method. Green:

wet oxidation (SOCwo); red: dry combustion (SOCdc).

3.2 SOC Content by Method and Period129

The two methods produced systematically di!erent SOC values (Table 2). Dry combustion gave higher130

concentrations on average, with a mean of 19.4 g kg→1 and a median of 17.0 g kg→1, compared to 16.6131

and 14.2 g kg→1 for wet oxidation. The mean di!erence between the two methods was 2.8 g kg→1.132

Both distributions were right-skewed, with a long tail towards high SOC values.133

Table 2: Descriptive statistics of SOC concentrations (g kg→1) by measurement method.
Method N Mean Median SD Min Max Q1 Q3

SOCwo 3,521,033 16.6 14.2 9.27 0.13 199.0 10.6 19.8

SOCdc 300,863 19.4 17.0 10.9 0.01 200.0 11.9 24.6

This o!set between methods was consistent across all nine periods (Figure 2): in every panel,134

the SOCdc distribution (grey) is shifted to the right relative to SOCwo (green). Both distributions135

peak around 10–15 g kg→1 and show a similar shape, but the SOCdc tail extends further towards136

high values. This systematic shift confirms that raw temporal comparisons across periods where the137

method mix changed are unreliable without prior harmonisation.138

Median SOC values from wet oxidation remained relatively stable from 1991 onwards, ranging from139

5
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Structure of the article The is clear distinction between all parts, no parts are missing

Title Before reading the article i was unsure about what the content of the article will be, but once i read it, the
title makes complete sense , experts in this field i think will find it very appropriate

Abstract Again, since i am not an expert, after reading the whole article, the abstract makes much more sense,
it is well structured an contains all necessary info.

Introduction

Method The methods and materials used a explicitly stated and explained

Results I am not comfortable interpreting the results

Conclusion and Discussion The conclusions are supported by the relevant results and the shortcomings of
this method are acknowledged and will be used as the next step towards future work
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cal methods (wet oxidation and dry combustion), with a mean systematic offset of 2.8 g/kg,introduces a
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This string of words in the same sentence are way to formal. Only an excellent English speaker could con-
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Originality and significance This study comparing two ways of making glass and examines how the different
methods control the microstructure of the resulting glasses. While the research provides interesting results
regarding the application of two methods, it omits several important points, most importantly discussion
of those results. In addition, the writing contains some errors and gaps, as several terms are unexplained.

Structure of the article The article is generally clear and easy to follow, but it’s missing key elements. The
Discussion section is completely absent, and the Conclusion mostly restates results without clear take-
home messages.

Title Title clearly describe the article.

Abstract The abstract introduces the topic and methods clearly. However, it does not answer the "why" ques-
tion: it is unclear to me why this research was undertaken and what gap is in the current literature it
addresses.

Introduction The motivation for the research is explained well in the Introduction. However, this section lacks
with some definitions for key terms. For example, "willemite" "self-trapped excitons" and "aerodynamic
levitation" used as the reader is already familiar with them. A brief explanation about aerodynamic levita-
tion and melt-quenching would help the reader understand the scientific reason for the study.

Method The methods section is clear and understandable. My only suggestion is to rename "Experiments" to
"Materials and Methods"

Results The results are in a logical sequence and are easy to follow. Two points to address, they’re written in the
past tense, where present tense would be better, and secondly, some paragraphs belongs in the Discussion
rather than the Results.

Conclusion and Discussion The Discussion section is completely missing. The Conclusion is restating the
results without clear take-home messages or indication of next steps. Brief explanation on what the results
means and where the work is heading would close the paper more strongly

Language I see no evidence that the text was written with AI. Furthermore, English was clear and easy to read.

Figures and Tables Figures are important part of the story. In Figure 1, the TEM and SEM images aren’t shown
at the same scale. in Figure 2, the SEM metadata is unreadable. And Figure 3 isn’t referenced anywhere in
the text and compares the signal to "BGO," which has never been defined, so its meaning is unclear to me.

Citations and References I didn’t notice any obvious issues with the referencing

Comments to the author The study is very interesting, and the paper is easy to follow even for a reader outside
the field like me. What it mainly needs is some additions: defining the key terms and acronyms, adding
the missing Discussion, clarifying figures. With this polish, the paper will be ready to publish. Nice work
overall. Good luck in your future work!
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Composition of the glasses preapared by melt-quenching was checked by X-ray fluorescence (XRF) using ARL 
PERMORM‘X, whereas samples prepared by aerodynamic levitation were chacacterized by energy dispersive 
spectroscopy (EDS) due to insufficient amount of sample mass. 

Microstructure of prepared samples were observed by scanning electron microscopy (SEM) with 15 kV beam using 
TESCAN MIRA 2 LMU microscope at UCT and 20 kV using Jeol IT800SHL at CEMHTI. Transmission electron 
microscopy (TEM) was done using EFTEM Jeol 2200FS field emission microscope. 

Radioluminescence (RL) spectrum was measured by a custom-made spectrofluorometer 5000M (Horiba Jobin Yvon, 
Wildwood, MA, USA) using the Mo X-ray tube (40 kV, 15 mA, Seifert). The detection part of the setup involved a 
single-grating monochromator and a photon-counting detector TBX-04 (Hamamatsu). Measured spectra were corrected 
for the spectral dependence of detection sensitivity. 

3. RESULTS 
Depending on the method of preparation, the final composition of glasses varied. EDS showed moderate evaporation of 
zinc from aerodynamically levitated beads, while XRF showed minor changes in composition of melt-quenched samples. 

Microstructure on melt-quenched samples varied from crystalline to fully amorphous and depended mainly on zinc 
content. If the content of ZnO was higher than 45%, willemite started to appear. Amorphous nanoparticles were present 
in the samples (see Fig. 1). 

Microstructure of aerodynamically levitated samples was even more diverse. Although samples were mostly amorphous, 
they contained micro- and nanoparticles with morphology dependent on composition. Higher ZnO content generally 
leads to larger silica enriched particles (see Fig. 2). 

Samples containing willemite 
exhibited the highest 
radioluminescence intensity with 
maximum around 380 nm, which 
corresponds to well-known intrinsic 
luminescence of this phase [9]. 
Other samples exhibited far weaker 
radioluminescence with maximum 
shifted to longer wavelengths 
(around 440 nm). Considering that 
the intensity of this luminescence is 
higher in samples containing large 
amount of silica enriched separated 
phase, self-trapped excitons in 
silica could be the source of it [10]. 

4. CONCLUSION 
Glass and ceramic samples were 
prepared by melt-quenching 
method and aerodynamic levitation. 
Samples containing willemite 
crystals or silica enriched 
nanoparticles were prepared by 
both methods. Final composition of 
those samples was different 
because of zinc evaporation during 
aerodynamic levitation. 
Microstructure of samples differed 
based both on composition and 
method of preparation. 
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Figure 3. Radioluminescence spectra from left to right: crystalline sample prepared by 
melt-quenching, sample prepared by aerodynamic levitation containing willemite, 
sample with phase separation prepared by aerodynamic levitation 

Figure 1. Samples prepared by melt-quenching: left – 
crystalline structure of a sample with high content of 
zinc by SEM, right – amorphous silica enriched 
nanoparticles by TEM 

Figure 2. SEM images of 
samples prepared by 
aerodynamic levitation 
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Preparation, characterization and properties of nanocomposites based 
on α-Zn2SiO4 glass ceramics for photonics 

Jakub Volf 
University of Chemistry and Technology, Technická 5,  Prague, Czech Republic 
volfa@vscht.cz, +420 220 444 003 

ABSTRACT   

Glass systems containing ZnO, Al2O3 and SiO2 as the main components have been investigated in recent years for 
possible development of new glass-ceramic materials useful in optics and photonics applications [1]. The contribution 
focuses mainly on willemite (rombohedral alpha-Zn2SiO4), which has been shown to exhibit strong radioluminescence 
[2]. The influence of the variable composition of the ZnO–Al2O3–SiO2 (ZAS) system on the growth of willemite, its 
photo- and radio-luminescence properties and the kinetics of both processes is investigated. Composition is 
systematically varied in the range 28–60% ZnO. Melt-quenching and aerodynamic levitation with laser heating are used 
to prepare the samples, composition and microstructure are observed by XRF, XRD, SEM, HRTEM or EDS. The 
photoluminescence and scintillating properties of Zn2SiO4 are evaluated, including decay kinetics and the creation of 
nanoparticles using both technologies is discussed. 

Keywords: Scintillator, Silicate, Glass, Near-infrared, Rare-Earth Ions, Lanthanides 

1. INTRODUCTION  
Optical properties of silicate systems containing zinc have been thoroughly investigated by many authors in last two 
decades. Silicate glasses are isotropic and require cheaper equipment to prepare than single crystals of similar 
composition, therefore they are a good starting point in search for new materials. Crystalline materials, on the other hand, 
have superior luminescence characteristics valued in photonics applications due to well defined periodic structure. 
Hence, glass-ceramics systems doped by various luminescent ions were proposed, as their luminescence properties can 
vary depending on exact conditions during preparation. Crystallization of several zinc containing phases such as 
Zn2AlO4 [3] and Zn2GaO4 [4] spinels, α- and β-Zn2SiO4 [5,6] from glass matrices has been successfully attempted. In 
some cases, nanocrystals of these phases were present in prepared glass-ceramics [7,8]. Nanocrystals are advantageous 
because refraction of longer wavelengths on them is generally less intense compared to bigger crystals. 

Considering all this, we focus on a simple system ZnO–Al2O3–SiO2. If the goal is to prepare glass-ceramics of specific 
properties, understanding the structure and behavior of the glass matrix is crucial. Therefore, in this contribution we 
compare samples of glass prepared by two distinct methods: melt-quenching and aerodynamic levitation and investigate 
their microstructure. 

2. EXPERIMENT 
Nominal compositions of our glasses contained 25–60% ZnO, 1–11% Al2O3 and 40–60% SiO2. Glasses were melted in 
Pt/Rh crucible using elevator furnace at 1500 °C. Chemicals ZnO (Lach-Ner, p.a.), Al(OH)3 (Penta, p.a.) and SiO2 
(Sigma Aldrich, high-purity grade) were weighed to provide 50 g of glass and mixed. Melting was 5 h long with manual 
stirring every 30 min to improve homogeneity of the glass. After that, melt was poured into a steel mold, and solid glass 
was placed into a furnace pre-heated to 570 °C for gradual cooling down. The glasses were cut by a diamond disk saw, 
ground by SiC disks and polished by CeO2 suspension. 

Glasses of same nominal composition were melted using aerodynamic levitation apparatus with laser heating. Weighed 
chemicals were mixed with starch suspension, dried and heated in a furnace to 700 °C to form granules. Two 700 W CO2 
lasers were focused by concave mirrors from above and below on the granule in a copper converging-diverging nozzle. 
Levitation was done by Ar flow. The melting lasted 25 s and temperature peaked at about 2000 °C. For microstructure 
observations, beads were embedded in epoxy resin, ground by SiC disks and polished by diamond suspension. 
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Originality and significance The manuscript investigates new methodoldy for determining the rate coeefi-
cients of some specific chemical reactions at room temperature and atmospheric pressure with an objce-
tive to adress inconsistent findings by existing methods. Their main contribution, abvoiding analystical
complications, in the new methodolgy is valuable.

Structure of the article The manuscript follows the global structure of a classic article.

Title "While the current title accurately reflects the core scientific objective and scope of the manuscript, a few
refinements are suggested to improve clarity, and consistency:

(1) The author is encouraged to reduce the use of highly specialized chemical formulas or acronyms where
standard nomenclature might be more appropriate for a broader audience. For instance, replacing the for-
mula (SO2) with its explicit name, ""sulfur dioxide,"" would enhance readability, particularly since these
specific abbreviations are not introduced or defined prior to their appearance in the title.

(2)There is a minor grammatical asymmetry in the phrasing. The definite article ""the"" is applied to the
first chemical species (CH2OO) but is omitted before both ((CH3)2COO) and (SO2). To ensure proper
parallel structure, the phrasing should be homogenized (e.g., either introducing the article consistently or
removing it).

A suggested title can be e.g., Experimental Reexamination of Criegee Intermediate Reactions with Sulfur
Dioxide."

Abstract " The abstract is well-written for its conciseness and successfully outlines the core elements, method-
ology, and primary conclusions of the manuscript. However, a few refinements are recommended to en-
hance technical clarity:

(1) Chemical formulas and should be fully defined upon their first appearance in the main text. The au-
thors are advised to introduce terms explicitly, for example, ""sulfur dioxide (SO2)"" before utilizing the
chemical formulas independently throughout the rest of the abstract.

(2) While providing exact rate coefficients adds high precision, including the full numerical values can
detract from the overarching narrative. It is suggested to streamline this section by focusing on the quali-
tative implications. Stating that the relative rate technique yields results highly consistent with literature
values for CH2OO, while revealing a significant discrepancy for (CH3 )2COO that challenges current data
evaluations, is sufficient and carries greater clarity for a reader. "

Introduction "The introduction is well-written, clearly defining the environmental problem and establishing
a precise objective for the study. However, several critical components should be addressed to provide a
more comprehensive foundation for the manuscript:

(1) While the atmospheric context of SO2 oxidation is well-established, the literature review seems re-
stricted to the problem itself rather than the scientific challenge. Specically, the authors mention that only
""two research groups"" have studied reaction (R2) with significant disagreement, yet these groups are
neither explicitly named in the text. The authors should explicitly cite these studies and briefly discuss the
specific experimental methods they used to help the reader understand where the conflicting data comes
from.

(2) The text introduces a ""recently developed relative rate methodology"" to overcome the analytical chal-
lenges of prior techniques. However, the introduction lacks a brief description of this new methodology.
Adding a few sentences outlining the advantages of their specific method would significantly improve the
technical narrative before entering the experimental section.

(3) To ensure a standard academic format, it is highly recommended to conclude the introduction sec-
tion with a brief roadmap or paragraph outlining the structural organization of the remainder of the
manuscript."

Method " The experimental section is well-detailed and provides a solid foundation for reproducibility. The
authors did a good job by describing the specific environmental conditions and the chemical components
used during the testing. However, a major structural and content gap needs to be addressed:

(1) While the text details how the experiments were set up, it fails to comprehensively describe the funda-
mental mechanics of the ""new relative rate methodology"" itself. If this section is strictly reserved for the

22

Useful and detailed review
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INTRODUCTION:  

The atmospheric oxidation of SO2 has long been implicated in pollution events and aerosol 

formation.1 This can be attributed to the remarkable efficiency with which SO2, manifestly a 

gas under standard atmospheric conditions, is transformed into H2SO4, a molecule of extremely 

low volatility,2 capable of initiating new particle formation and acting as cloud condensation 

nuclei.3 Under many atmospheric scenarios, SO2 oxidation is dominated by reaction with the 

OH radical in the gas phase4 and H2O2 and other strong oxidizing agents is the aqueous phase.5  

Reactions of stabilized Criegee intermediates (sCIs) in the gas-phase oxidation of SO2 may also 

make an important contribution to global sulfate budgets, although the extent of their role is 

debated.6 However, the kinetics of Criegee intermediate + SO2 reactions provide an additional 

source of uncertainty. Whereas the reaction of the simplest Criegee intermediate, CH2OO (R1), 

is comparatively well-known, with most studies obtaining consistent experimental results. By 

contrast, the reaction (CH3)2COO + SO2 (R2) has been studied by only two research groups,  

with significant disagreement in the reported rate coefficient.  

CH2OO + SO2 → HCHO + SO3                     (R1) 

(CH3)2COO + SO2 → CH3C(O)CH3 + SO3                     (R2) 

The goal of our study is to address the inconsistent literature results obtained for (R2). To do 

so, we utilize a recently developed relative rate methodology, thus obviating any analytical 

complications specific to the use of pump-probe cavity ring-down spectroscopic techniques 

applied previously to (R2).  

EXPERIMENTS METHODS:  
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To summarise
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Common	issues	with	your	reviews

Be	very	specific	:	if	something	is	incorrect,	say	explicitly	what	the	issue	is	and	where	it	
occurs	in	the	text	

Be	very	clear	:	avoid	wordings	such	as	“maybe”,	“seems”,	“It	seems	that”,	etc.	

Avoid	colloquial	or	harsh	words	such	as	“sloppy”,	“messy”,	“well	done”,	etc.	

Jus0fy	:	If	you	request	rejec:on	or	major	revisions,	then	jus:fy	your	decision	and	explain	
in	detail	what	needs	to	be	changed.	

You	are	not	required	to	comment	on	each	item	:	highlight	what	is	incorrect	or	should	be	
improved	(but	you	may	also	say	what	is	good	!)	

Your	role	is	to	assist	the	editor	in	making	a	decision.
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Improve	your	text
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an intriguing example 
a provocative quotation that is closely related to your argument 
a puzzling scenario 
a vivid and perhaps unexpected anecdote 
a thought-provoking question 
a strong statement

The writing center, UNC

Start your abstract / introduction withAvoid this 



T.	Dudok	de	Wit Scien0fic	wri0ng	-	2026	

Finish	your	abstract/conclusions	with
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• Outlooks : what should the next steps be ? 

• Impacts : what impact will your study have ?  
why should you be funded for this ? 

• Take home message : what do you want the reader to remember 
from this study ? 

• Avoid by all means : “To improve our results we should collect more 
data…”

The writing center, UNC
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Take	home	message
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A good article should not only be rigorous and 
provide novel results 

 
Make your article inspiring !


