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Abstract

Trace elements often play significant roles in biological and environmental systems as well as in industrial
applications. Total-reflection X-ray fluorescence (TXRF) is an extremely promising tool for ultra trace analysis.
Although a brilliant synchrotron source can in principle contribute to upgrade the detection power, an energy-
dispersive spectrometer based on a Si(Li) detector, which has been employed in most TXRF experiments so far,
restricts the performance. The present report describes our successful experiments at BL40XU using a wavelength-
dispersive spectrometer with downsized Johansson-type focusing optics. Because of the c.a. 20 times better energy
resolution, the signal to background ratio has been fairly enhanced. The record of the detection limit has been
improved down to 1.9 fg, which isamost 10 times better than the world best record reported in 1997.
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Fig.1 Principle of total-reflection X-ray fluorescence (TXRF)
technique (reflectivity and penetration depth for Si substrate, 8keV x-rays).

At grazing incidence, the penetration of X-rays becomes very
small due to external total reflection, resulting in significant
reduction of scattering background from the substrate. Such
enhancement of the signal to background ratio contributes to make
X-ray fluorescence extremely sensitive probe for ultra trace
elements.



goooboobobooobobooooboboon
goooboobobooobobooooboboon
gogbobooooboooobbooobbooan
goooboobobooobobooooboon
gogbobooooboooobbooobbooan
gogbobooooboooobbooobbooan
oooooooOooOoOoBe4smpooooooooo
oooooooOooOoOoOoOooRs™Mmoooooo
gogbobooooboooobbooobbooan
gogbobooooboooobbooobbooan
gbogobbooboobouobogouoboobn
gogbboooobboooobbooobbooon
gogbboooobboooobbooobbooon
goboboooobbobooobbooobbooon
gooobooboboooboooobooon
ooooooooOov7spoooooooooooo
O0000O0oDO0ooboOooOgoDgsPring-80 000
O00000ooBLOODOOOOOOOBEMO0O
gobobooooboooobbooobbooon
gogoooboboobbooooooooboXoo
ooBRoooo00o0o0oooooooooo
gogoooboboobbooooooooooXooo
goboboooobboooobbooobbooon
goboboooobboooobbooobbooon
gooobooboboooboboooooboon
0000ooooooooooooooooobiqgo
gogobooobbooobboon

30o0booogn
gobooooboooobobooobbobooon
0000000000000 0b000FRig2000
goboboooobboooobbooobobooon
goboboooobboooobbooobobooon
gobobooobbooobbooobobooon
goobooooooboooboboboos3nbooon
ootilgpoooooooooooooooooo
gobobooobboooobbooobbooon
gobobooobboooobbooobbooon
goooooobobbobobooooogoooooo
gobobooobboooobbooobbooon
gobobooobboooobbooobbooon
goboboooboboooobbooobobooon
goboboooboboooobbooobobooon
goboboooboboooobbooobobooon
gobobooobbbooobbooobobooon

gboobooooobobooooboboboooon
gobobooobobooobobobooobobobooanon
gobobooobobooobobobooobobobooanon
gobooooooooan

ggbboooobboooobbooobboood
ogooouooooboobobbbboodoooad
gobobooobobooobobobooobobobooanon
gobobooobobooobobobooobobobooanon
gobobooobobooobobobooobobobooanon
gobbooobobooobobbooobbbooanon
gobbooobobooobobbooobbbooanon
gobbooobobooobobbooobbbooanon
goboboooobobooobobbooobbbooono
gobboooooooobobbooobbobooonn
gobboooooooobobbooobbobooonn
gobboooooooobobbooobbobooonn
gobooobobooobbooobobooan

gogbobooobobooobbooobbooo
gobooooobooobob200b0b00on
gobobooooboooobobbooobobbooonn
gobobooooboooobobbooobobbooonn
gobobooooboooobobbooobobbooonn
goood

3Ne

p

) DetectionLimit = C

C :/concentration

VN

Fig.2 Concept of the detection limit.

Np : signal intensity (counts), Ng : background intensity (counts).
Note that the brilliant X-ray source can improve the detection limit
by the square root, because both signal and background are
proportional to the incident photons from the source. Furthermore,
in case the detector is saturated due to unnecessary strong
scattering or other fluorescent X-rays, one cannot make full use of
the brilliance. This is the reason why the experimentalists should
consider the alternative spectrometer to enhance the signal to
background ratio for X-ray fluorescence trace analysis.
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Fig.3 Comparison between conventional energy-dispersive and
the present wavelength-dispersive TXRF.

The main idea of the present research is the employment of the
Johansson-type spectrometer instead of a Si(Li) detector in TXRF
experiments. The expected problem is low efficiency for ultra trace
element analysis, but the present downsized spectrometer can
solve it.
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Fig.4 Downsizing effects in Johansson-type X-ray fluorescence
spectrometer.

Energy resolution (solid line) and relative detection efficiency
(dashed-line) calculated as a function of Rowland radius for a
Ge(220) crystal and cobalt Koy X-rays (6930.32 eV). The efficiency
for R=350 mm is set as 1. The details can be found elsewhere *7.
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Fig.5 Experiments at BLA0OXU
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Fig.6  WD-TXRF spectra for trace elements (Ni, Co and Fe, 20 ppb
each) in a micro drop (0.1 micro litter). Experimental details are
written in the main text.
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