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Introduction

Total-Reflection X-Ray Fluorescence
(TXRF) is an X-ray spectrometric tech-
nique which has developed from the
classic energy dispersive X-ray fluo-
rescence (ED-XRF). Perhaps because
both techniques have sometimes been
confused and thought of as equivalents,
TXRFis little known or widely used when
compared with other, more conventional,
techniques such as atomic absorption
(AAS) or plasma (ICP) spectroscopies.
The geometric variation of the Source—
Sample-Detector system, which differ-
entiates TXRF from conventional ED-XRF,
introduces drastic consequences in phys-
ical and analytical aspects. Figure 1 show
the main geometrical differences of the
ED-XRF and TXRF techniques.

The total reflection condition is
obtained when an incident electromag-
netic wave is completely reflected by a
surface. This occurs for angles lower
than a critical angle characteristic of
the material of the reflector. Working in
the condition of total reflection implies

the generation of a field of X-ray stand-
ing waves (XSW) over the surface of
the sample-carrier reflector, due to the
constructive interaction of the incident
monochromatic beam and the totally
reflected beam. So, a sample deposited
over the surface of the reflector, at first
approximation, is excited twice, once
by the incident X-ray beam and again
by the reflected beam. This fact implies
an amplification of the atomic X-ray fluo-
rescence signals together with a simul-
taneous and drastic minimisation of the
background (see Figure 2).

As result, TXRF is a “micro-analytical”
technique, because only small amounts
of sample, around 0.1-10 pg, properly
deposited inside the XSW region over
the reflector are analysed. The sample is
deposited in a thin layer with thickness
between 0.1um and 10um, depending
on the kind of material being analysed.
Under these conditions, the matrix
effects due to absorption and secondary
excitation are negligible and the model
of infinitely thin film can be applied. So, a
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Figure 1. Geometrical arrangement for conventional ED-XRF and TXRF. ¥, is angle of incidence

and WV, angle of detection.
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Figure 2. Cross section around the surface
of a reflector, showing the field of standing
waves (XSW) triangular region and a sample
deposited inside it.

simple linear relation between net inten-
sity and concentration can be used. From
the analytical point of view, this is by far
the biggest advantage that TXRF has over
conventional XRF. The TXRF elemental
range includes the simultaneous detec
tion of around 72 elements from Al
(Z=13) to U (Z=92). Absolute detection
limits are of only a few picograms for the
great majority of the detected elements
or, as relative detection limits, concen-
trations of few parts per billion (ppb)
(ugL™". As result, the relative sensitivi-
ties in TXRF have a universal character,
regardless of the analysed matrix. This
fact allows the use of the quick and easy
method of internal standard addition as
the usual way for multi-elemental quan-
tification by TXRF.

The combination of low detection
limits, multi-elemental character, micro-
analytical capacity, high sensitivity, low
times of spectra acquisition and the
ease of qualitative, mass proportions
and quantitative analysis, open the field
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of the analytical application of TXRF
to the research of metallic traces in all
kinds of complex, and not so complex,
systems. Besides that, TXRF has the abil-
ity to quantify any liquid or solid samples
adequately suspended, without acid
leaching, and by simply adding an inter-
nal standard and then depositing on an
adequate reflector. This implies quick,
low cost and no consumption of chemi-
cals for TXRF analysis.? In this way, TXRF
is a technically consolidated spectros-
copy which is more and more applied
in very diverse scientific fields and differ-
ent materials. Many applications of TXRF
have been developed—for example,
nanoparticle characterisation,® catalytic
processes studies,* biomedicine,® phys-
ics of materials,® archaeometry,” foren-
sics,® food,® environment'® and many
others. TXRF is a powerful tool, still to be
discovered within the fields of biomed-
icine, metallomics and biochemistry as
well as in materials, environment, analyti-
cal and food sciences.

The TXRF Workgroup

Given the relatively small base of TXRF
spectroscopy, the TXRF Workgroup was
created to act as a forum for current
users and to broaden the usage of the
technique. This article explores the aims
of the TXRF Workgroup and is based
on the invited talk given at the 15%
TXRF Conference (TXRF2013) in Osaka,
Japan." The TXRF Workgroup uses the
power of Social Networks, increasingly
present in our lives, for scientific commu-
nication, interaction and collaboration.

Present challenges for
TXRF spectrometry
Considering my own experience in the
field of TXRF,'? scientists and researchers
are frequently influenced by three impor-
tant factors: bibliography, personal expe-
riences and external suggestions. Such
influences can be a hindrance when new
techniques, such as TXRF, are presented
as an option. This impedes the devel-
opment of new, alternative and even
more appropriate analytical solutions
that could be developed by TXRF. As a
consequence, TXRF still remains largely
unknown in scientific, academic and
industrial sectors. So what challenges are
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Figure 3. Number of publications per year where the keyword “TXRF" is present in SciFinder.

holding back the development of TXRF?
The first challenge facing TXRF is to try to
widen an understanding of the analytical
pros and cons of TXRF in the industrial
and scientific sectors as well as within
wider society. The second challenge
can be found by analysing the number
of scientific publications, with TXRF as a
keyword, over time (see Figure 3).

As might be expected, following the
commercialisation of the first TXRF instru-
ments, from the late 1980s to 2000,
the trend was upward, within under-
standable fluctuations, and indicated a
promising future for the new spectrom-
etry. However, from 2000 to now, the
number of publications has stabilised
at around 60 per year. So, the second
challenge for the TXRF should be try to
increase the number of scientific publi-
cations. The third challenge is related to
the wide geographical dispersion of the
TXRF community; TXRF needs to find a
working environment where distances
can be eliminated. The fourth challenge
can be found in the small number of
users of TXRF instruments around the
world, especially when compared with
other techniques such as ICP-MS, AAS or
ICP-OES which have been adopted much
more easily in the analytical academic,
scientific and industrial world than TXRF.
The TXRF community needs to try to
increase the number of TXRF instruments

in operation. Finally, the fifth challenge is
related to the small size of its scientific
community and, as a consequence, the
small number of applications developed
in the field of TXRF. Figure 4 shows the
number of publications associated with
some analytical techniques found for
2018 in the SciFinder database. Around
3962 contributions were published for
ICP-MS, 1387 for AAS, 1059 for ICP-OES,
608 for LA-ICP-MS and “only” 89 for
TXRF. So, we can see that researchers
typically demand the analysis of their
samples mainly by ICP-MS, ignoring the
fact that TXRF could be an alternative
and powerful analytical technique. So,
the fifth challenge for the TXRF should
be to try to increase significantly the
number of applications developed and,
more importantly, recognised under
international accredited quality assurance
norms (ISO, ASTM etc.). The first steps
have already being taken in this direc
tion by the TXRF community in the last
few years." Recently, a European COST
action (CA18130) was approved with the
name “European Network for Chemical
Elemental Analysis by Total Reflection
X-Ray Fluorescence” (ENFORCE-TXRF).
Its main objective is to introduce TXRF
spectrometry in industrial, scientific and
wider contexts.

These challenges are significant, so
what can we do? From my humble point
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Figure 4. Number of publications related with each one of the tech-

nique keywords during year 2018.

of view, a first step to confront them
can be found through the interrelation
of very diverse disciplines and also by
simplifying collaboration between TXRF
professionals and with those of related
techniques. In this way, even though the
number of TXRF professionals are few,
each one with limited resources and
widely dispersed around the world, we
can use the tools that social networks
offer to share our resources and knowl-
edge, and generate new knowledge.
These ideas were the seeds that moti-
vated me to create the TXRF Workgroup.

TXRF Workgroup
description

Nowadays, the TXRF Workgroup is an
open discussion and sharing platform
where all people are welcomed regard-
less of their academic level, technological
or scientific resources. Only one condi-
tion is required to become part of the
group as a member, a clear interest in
the TXRF-XRS area. One of the basic prin-
ciples of the group is that the greater
the diversity of its members, the higher
will be the exchange of ideas between
them and, as a natural consequence, the
easier should be the generation of new
knowledge—the main reason for the TXRF
Workgroup. Facebook was the first social
network platform we used due, mainly,
to their approximately 2300 million users
around the world and especially for its
ease of use and ability to share digital
objects. Today, LinkedIn, YouTube and a
WordPress Blog can also be used by any
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member (see Figure 5). In Facebook, the
TXRF Workgroup has two areas of inter-
action at different levels: a members-
only area and a public one. The first, and
most important, is the TXRF Workgroup
Forum."

This Forum is a restricted Facebook
group which only previously approved
members can access. Within this Forum
it is possible to open lines of discussion,
collaboration and/or communication for
all members. Also, it is possible to share
notes, pictures, articles, links, videos,
comments, related news and events
of interest, congresses, seminars etc. In
parallel, there is a second interaction
zone, known as TXRF Workgroup Public
Page,'® which is the public face of the
TXRF Workgroup. On this page, anyone
can access the information published
and where their “followers” are auto-
matically notified of new publications.
Recently, a YouTube Channel named the
"TXRF Workgroup Channel and Related
Methods" has been created.'® Currently,
this contains approximately 43 videos
related to all the aspects of x-ray spec
troscopy. The idea is that all XRS profes-
sionals can suggest and, indeed, include
interesting videos in this channel,
whether ones they have produced them-
selves or are already on the Internet.
Thus, XRS videos are available for study,
as teaching material, as a way of sharing
knowledge or even sharing users' own
experience in the XRS area. The latest
addition to the TXRF Workgroup environ-
ment is the TXRF Blog,"” where all type of

Figure 5. Present structure of the TXRF Workgroup Environment.

new contributions related with “Advances
in TXRF and/or X-Ray Spectrometry
Science” are welcomed.

Current status

Today, we have 169 members and
the number is growing even given the
perceived danger of social networks!
In any case, today the TXRF Workgroup
enables technicians, professors, PhD
students, researchers, industrialists
related to XRS, engineers and scientists
from more than 53 countries to interact
constructively and share their knowledge
and even their instrumental and techno-
logical resources at a distance.

The TXRF Workgroup is an open way
for professionals with common interests
to connect, allowing the development
of activities where international relation-
ships are necessary. As examples, details
of the last TXRF conferences—TXRF2013
in Osaka, Japan, TXRF2015 in Denver,
USA, TXRF2017 in Brescia, Italy and the
next TXRF2019 in Girona, Spain—have
been publicised. Recently, an intercom-
parative Round-Robin study proposed by
Dr Alex von Bohlen from ISAS-Dortmund
(Germany) was coordinated using the
TXRF Workgroup as the main commu-
nication channel for the TXRF participant
laboratories around the world.

Outlook

Nowadays, the TXRF Workgroup is
increasingly known by the international
TXRF community. It is used to share infor-
mation about new conferences, journals
or related papers, however, the partici-
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pation of the members is still not as
frequent as it should be. Therefore, the
main objective for the future is that the
members of the group feel free to inter-
act with any other concerning any ques-
tion, proposal or collaboration related
with this field. In particular, the following
activities can be proposed as goals for
the TXRF Workgroup:

(1) a way to help to solve local theoreti-
cal or practical questions related to
the TXRF field of any member;

(2) a way to promote the analytical
strengths of TXRF and its applications
at all levels;

(3) a way to open new lines of collab-
oration for the development of new
applications of TXRF in any field of
knowledge;

(4) a way to promote the development
of new technological and informatics
improvements for TXRF instrumen-
tation, collaborating with potentially
interested companies related to
TXRF;

(5)a way to generate employment
opportunities for a specialist inter-
ested in TXRF and related techniques
field and its applications;

(6) a way to collaborate and/or organ-
ise inter-laboratory activities in order
to standardise the application of
TXRF for a great diversity of matrices
according to international standards
and, finally

(7) a way to do all those things that we
have in mind, but are limited by the
resources we have available for their
development.

To conclude, the number of members
and their diversity is increasing and the
first steps have been taken. Looking at
the growth trend and the opportuni-
ties that the future offer, the outlooks
are clearly promising and, more impor-
tantly, the future will depend mainly on
the TXRF Workgroup community itself.
Perhaps, in the short term, the most
important opportunity for the TXRF
community will be the application of
the European COST action ENFORCE-
TXRF (CA-18130) during the next four
years (2019-2023). This COST action
could involve the expansion of TXRF
spectrometry, which can be a unique
opportunity to add TXRF spectrometry
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to the pool of powerful, useful and
versatile modern analytical techniques
for industry, research and education.
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