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Abstract
Metal-organic framework (MOF) membranes are potentially useful in gas separation applications. Conventional methods of MOF
membrane preparation require multiple steps and high-pressure conditions. In this study, a reliable one-step interfacial synthesis
method under atmospheric pressure has been developed to prepare zeolitic imidazolate framework-8 (ZIF-8) membranes supported
on porous ǫ-Al2O3 disks. To obtain optimal ZIF-8 membranes, three reaction parameters were investigated, namely, reaction tem-
perature, reaction time, and concentration of the organic linker (i.e., 2-methylimidazole). The growth of ZIF-8 membranes under
various parameters was evaluated by field-emission scanning electron microscopy, and the optimal synthesis conditions were deter-
mined (i.e., 80 °C for 12 h in 50 mM of 2-methylimidazole). The as-synthesized ZIF-8 membranes were then applied to CO2/N2
gas separation, which exhibited a maximum separation factor of 5.49 and CO2 gas permeance of 0.47 × 10˾7 mol·m˾2·s˾1·Pa˾1.

313

Introduction
Carbon dioxide (CO2) is one of the major greenhouse gases
emitted through human activities contributing to global climate
change. According to United States Environmental Protection
Agency (US EPA), CO2 emission has increased by about 90%
since 1970, and the global mean CO2 level is over 410 ppm in

2020 [1]. More than 160 nations signed the Paris Agreement in
2016, committing to combat global warming by cutting CO2
emissions by 49% by 2030 [2,3]. To meet this goal, CO2
capture and storage (CCS) from flue gas in power plants
presents a promising route [4]. There are mainly three types of
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Abstract
X-ray photoelectron spectroscopy (XPS) is one of the best tools for studying the chemical modification of surfaces, and in particu-
lar the distribution and bonding of heteroatom dopants in carbon nanomaterials such as graphene and carbon nanotubes. Although
these materials have superb intrinsic properties, these often need to be modified in a controlled way for specific applications.
Towards this aim, the most studied dopants are neighbors to carbon in the periodic table, nitrogen and boron, with phosphorus
starting to emerge as an interesting new alternative. Hundreds of studies have used XPS for analyzing the concentration and
bonding of dopants in various materials. Although the majority of works has concentrated on nitrogen, important work is still
ongoing to identify its precise atomic bonding configurations. In general, care should be taken in the preparation of a suitable
sample, consideration of the intrinsic photoemission response of the material in question, and the appropriate spectral analysis. If
this is not the case, incorrect conclusions can easily be drawn, especially in the assignment of measured binding energies into
specific atomic configurations. Starting from the characteristics of pristine materials, this review provides a practical guide for
interpreting X-ray photoelectron spectra of doped graphitic carbon nanomaterials, and a reference for their binding energies that are
vital for compositional analysis via XPS.
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Introduction
Graphitic carbon nanomaterials consist of carbon bonded via
sp2-hybridized covalent bonds into structures with dimensional-
ities in the nanometer scale. Although two naturally occurring
forms of carbon, graphite and diamond, have been known for

millennia, several new carbon nanomaterials have been created
and identified in the last decades. Three recent stages have
received major attention, starting with the discovery of fuller-
enes in the late 1980s [1,2], followed by the proliferation of
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Abstract
The optoelectronic performance of thin films of single-walled carbon nanotubes (SWCNTs) was studied with respect to the prop-
erties of both individual nanotubes and their bundles. The SWCNTs were synthesized in a hot wire generator aerosol reactor,
collected by gas filtration and dry-transferred onto various substrates. By thus completely avoiding liquid dispersion steps, we were
able to avoid any artifacts from residual surfactants or sonication. We found that bundle lengths determined the thin-film perfor-
mance, as would be expected for highly resistive bundle–bundle junctions. However, we found no evidence that contact resistances
were affected by the bundle diameters, although they did play a secondary role by simply affecting the absorption. The individual
SWCNT diameters and their graphitization level as gauged by the Raman D band intensity did not show any clear correlation with
the overall performance.
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Introduction
Single-walled carbon nanotubes (SWCNT) offer great applica-
tion potential in future electronics, such as micro-electro-
mechanical devices [1], sensors [2,3], transparent electrodes
[4-6], thin-film field-effect transistors [7,8] and capacitors [9].
However, most methods of fabricating devices rely on disper-
sion of the nanotubes in solutions. While the techniques are

suitable for research, process-induced damage, such as tube
cutting due to sonication [10,11], or residual surfactants
severely limit device performance. Structural features such as
SWCNT length, degree of bundling, and bundle length, diam-
eter and orientation have received less attention, despite the fact
that the electrical resistance of a SWCNT network is thought to
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Abstract
X-ray photoelectron spectroscopy (XPS) is a widely used tool for studying the chemical composition of materials and it is a stan-
dard technique in surface science and technology. XPS is particularly useful for characterizing nanostructures such as carbon nano-
materials due to their reduced dimensionality. In order to assign the measured binding energies to specific bonding environments,
reference energy values need to be known. Experimental measurements of the core level signals of the elements present in novel
materials such as graphene have often been compared to values measured for molecules, or calculated for finite clusters. Here we
have calculated core level binding energies for variously functionalized or defected graphene by delta Kohn–Sham total energy
differences in the real-space grid-based projector-augmented wave density functional theory code (GPAW). To accurately model
extended systems, we applied periodic boundary conditions in large unit cells to avoid computational artifacts. In select cases, we
compared the results to all-electron calculations using an ab initio molecular simulations (FHI-aims) code. We calculated the carbon
and oxygen 1s core level binding energies for oxygen and hydrogen functionalities such as graphane-like hydrogenation, and
epoxide, hydroxide and carboxylic functional groups. In all cases, we considered binding energy contributions arising from carbon
atoms up to the third nearest neighbor from the functional group, and plotted C 1s line shapes by using experimentally realistic
broadenings. Furthermore, we simulated the simplest atomic defects, namely single and double vacancies and the
Stone–Thrower–Wales defect. Finally, we studied modifications of a reactive single vacancy with O and H functionalities, and
compared the calculated values to data found in the literature.
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So what’s the rub?



Processes of research evaluation are coming under increasing scrutiny, with detractors arguing that they 
have adverse effects on research quality, and that they support a research culture of competition to the 
detriment of collaboration. Based on three personal perspectives, we consider how current systems of 
research evaluation lock early career researchers and their supervisors into practices that are deemed 
necessary to progress academic careers within the current evaluation frameworks. We reflect on the main 
areas in which changes would enable better research practices to evolve; many align with open science. 
In particular, we suggest a systemic approach to research evaluation, taking into account its connections 
to the mechanisms of financial support for the institutions of research and higher education in the 
broader landscape. We call for more dialogue in the academic world around these issues and believe that 
empowering early career researchers is key to improving research quality.

Game over: empower early career 
researchers to improve research 
quality
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Introduction
Research evaluation is increasingly a central topic of debates and reports in and around 
academia.1 The process of evaluating researchers mainly on the basis of publication and 
citation metrics has come under fierce scrutiny because it is believed to be one of the main 
drivers of the documented adverse effects of the ‘publish or perish’ pressure on academic 
careers. These adverse effects include:

Ô� over-emphasis on the perceived novelty of research results and an underemphasis 
on the robustness and rigour of methods used, both in publications and in discus-
sions, leading to favouring methodological pathways at higher risk of false positive 
outcomes2

Ô� individual behaviours seeking to maximize advantage in terms of personal evaluation 
metrics, ranging from distorting authorship credits,3 slicing research outcomes rather 
than focusing on the bigger picture of relevance for the research field,4 to even more 
ethically compromised practices such as data manipulation5
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2 Ô� driving funds into publishing models that benefit an oligopoly of publishers even in 
the transition towards open access.6

Reform of research evaluation, to a system more focused on diverse aspects of scientists’ 
work besides publishing alone, would have many benefits. It may help to relieve pressures 
on researchers’ mental health and encourage better scientific practices that put the 
emphasis on collaboration, like data sharing and other open science practices.7

Where do early career researchers (ECRs) stand on this issue? Many of us are strong 
supporters of open science,8 but there is always a gap between consciousness and action. 
Whether we like it or not, with a few exceptions, we all know that metrics will not disappear 
overnight, but will still be on the table at the time we will be (and are) evaluated. The game 
may be rigged, but we all are forced to play.

Here, we share reflections from the perspective of a PhD candidate, a 
young academic and PhD supervisor and an ECR who recently switched 
from academic research to science advocacy.

The PhD candidate: ‘locked-in’ to the current system if I want to 
progress
A striking effect of the systems of evaluation based on publication and citation metrics is 
on the expectations of evaluation panels towards early career researchers when they are 
applying for postdoctoral positions or grants. We are still evaluated on the basis of our 
publications – not so much on the intrinsic quality of our work as on the quartile of the 
Journal Citation Report (JCR)9 to which the journal where we publish belongs. Choosing to 
send articles to innovative field-related open access journals or platforms with interesting 
features such as open peer review and reasonable article processing charges (APCs) is 
something I would like to do more to actively support a change of culture. However, my 
strong perception is that there would be a substantial cost to these choices in future 
contexts where I am being evaluated; for example, when applying for postdoctoral funding. 
The system forces us all to play the game to a certain extent – it favours the conventional 
choice of publishing in the most prestigious and cited journals in our subject area, which 
tend either to have a paywall or to offer open access publication only on payment of 
relatively high APCs, or via expensive transformative agreements. In a way, early career 
researchers are ‘locked-in’ when it comes to selecting venues for publication, as we are 
evaluated not so much on the content of our work (and the effectiveness 
of the associated peer-review process) as where we publish it. Embracing 
innovative open access journals/platforms and the many advantages they 
offer in terms of quality control and transparency of the scientific debate 
(pre-registration, open peer review, post-publication reviews), comes 
at a cost: that of facing a possible backlash from peer evaluation when 
applying for funding and new positions.

The young academic and PhD supervisor: no choice but to 
perpetuate the current system
I have been supportive of open access since early in my PhD. Although I have tried to 
publish openly whenever possible, I have consciously – and with the advice of my mentors 
– chosen journals that are perceived to be most prestigious, in order to further my career. 
This strategy has been successful: thanks to ample third-party funding that can be used for 
APCs, the majority of my published output is openly available, but at the same time, I have 
been able to win prestigious grants and find a tenure-track position at a fairly young age. 
However, although in this sense I have ‘won the academic lottery’ and my position will soon 
be secure, a new challenge has started to emerge – I am no longer only responsible just for 
my own career. I have PhD trainees and postdoctoral researchers under my supervision, 
whose career prospects I feel responsible to safeguard. Should I submit the key findings of 
a PhD project to a less prestigious but open access journal, or should I go for the top-tier 
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empowering early career researchers is key to improving research quality.

Game over: empower early career 
researchers to improve research 
quality
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Introduction
Research evaluation is increasingly a central topic of debates and reports in and around 
academia.1 The process of evaluating researchers mainly on the basis of publication and 
citation metrics has come under fierce scrutiny because it is believed to be one of the main 
drivers of the documented adverse effects of the ‘publish or perish’ pressure on academic 
careers. These adverse effects include:

Ô� over-emphasis on the perceived novelty of research results and an underemphasis 
on the robustness and rigour of methods used, both in publications and in discus-
sions, leading to favouring methodological pathways at higher risk of false positive 
outcomes2

Ô� individual behaviours seeking to maximize advantage in terms of personal evaluation 
metrics, ranging from distorting authorship credits,3 slicing research outcomes rather 
than focusing on the bigger picture of relevance for the research field,4 to even more 
ethically compromised practices such as data manipulation5
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