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Abstract: Soil chemistry has developed rapidly over the past few decades and has formed a relatively complete theoretical system
and technical system. Scientific apparatus represented by synchrotron radiation sources are playing an increasingly important role
in the research of soil chemistry. The related technologies based on synchrotron radiation, with their unique advantages, can
conduct in-situ analysis on the cycling of elements and substances in complex environments at the molecular level, providing

more comprehensive technical support for the research covered by soil chemistry, such as soil mineral chemistry, soil organic
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chemistry, soil inorganic nutrient chemistry and soil pollution chemistry. Significant advances have been made in several areas,
including the identification of poorly crystalline minerals, the structural and spatial resolution of organo(metal)-mineral
complexes, and the characterization of the morphology and spatial distribution of heavy metals. In recent years, the combination
of synchrotron radiation with other spectral and imaging techniques has been increasingly applied in soil research, greatly
promoting the development of geochemistry. In this paper, it has been reviewed the progress made in the field of soil chemistry by
related technologies based on synchrotron radiation sources and other combined technologies. Finally, prospects for the
development of synchrotron radiation sources, for the further integration of complementary techniques, and for the application of
related technologies based on synchrotron radiation to the actual soil environment are proposed.

Key words: Synchrotron radiation; Soil mineral chemistry; Soil organic matter chemistry; Soil inorganic nutrient chemistry; Soil

pollution chemistry
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An outer-sphere, ion-pair adsorption complex 1 with the first hydration sphere shown as a shaded area; a solid solution of selenite 2 in the
oxide phase; and inner-sphere complexes 3 through 5 on the oxide surface. Distances determined from the selenium EXAFS analysis are
shown for the model structure 5, which is consistent with the EXAFS data. The oxide is shown as the striped area below the line that

represents the oxide-water interface.
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Fig. 1 Extended X-ray absorption fine structure ( EXAFS ) spectra of selenate and selenite adsorbed to a-FeOOH ( solid lines ) as compared with
the dissolved sodium salts ( dashed lines ) ( Left), and structures for selenite adsorbed to a-FeOOH ( Right ) "
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: XANES, X FE&MIWEHLEH; EXAFS, ¥ EH X GHEMldsty; FTIR, HEMNASMRIIDERE; CT, IHENLEIZEH;
XRF, X HHR 71 ; STXM, HIiBE S X §F4k W14 . FE. Note: XANES, X-ray absorption near edge structure; EXAFS, Extended

X-ray absorption fine structure; FTIR, Fourier transform infrared spectroscopy; CT, Computed tomography; XRF, X-ray fluorescence

spectroscopy; STXM, Scanning transmission X-ray microscopy. The same below.
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Fig. 2 Applicaition of synchrotron radiation techniques in the field of soil chemistry
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Fig. 3 Distribution maps of functional groups in typic Hapludoll section detected by SR-based FTIR strategy
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Presence of a colored dot indicates that an element can be detected through the corresponding technique.

E 4 RS A (XANES. EXAFS. XRF. FTIR, STXM #I XPS)

IS FHOGER AL

Fig. 4 Elemental range covered by synchrotron radiation techniques ( XANES, EXAFS, XRF, FTIR, STXM, and XPS)
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RGB color scheme

FE5ESTXM

2 pm

STXM
-Ptychography

FE:a) ~d) NTE Fe/C BE/R LN 0.5 #1 0.1 fif DOM-Ri Al DOM-Ra 55 Fe. Cr JGUTiE (B ST X 4 BH (STXM ) % RGB
&, 45444 S0.5Ri. S0.5Ra. SO.1Ri Al S0.1Ra; f). i) 7 S0.5Ri F1 SO0.1Ri RGB & it & X 8 (B A g2t ) BB MIE; ¢). h).
j)s k) RETSEM TSR (Ptychography ) M94% (Cr) FI%k (Fe) 78 L 1@ Xl (BEEL ) MITHR I M. e) HKH RGB
RO RFERARBIE (LLE: Cr; G0 C; ¥ Fe) MEM; LM =FEEIRS RITR Z MM SCHEYE; Cr. C. Fe iy
MR BS540, g%, WEEMmAE S IFME, Note: a) —d) are RGB maps of the coprecipitates formed at the Fe/C molar ratios of 0.5
and 0.1 in the presence of DOM_Ri or DOM_Ra based on conventional STXM, named S0.5Ri, S0.5Ra, SO.1Ri, and SO.1Ra, respectively;
f)and i )are zoomed-in view of selected regions( orange dashed lines )in the RGB maps of S0.5Ri and S0.1Ri;g),h),j ), and k )are elemental
distribution maps obtained by the ptychography amplitude images of selected regions ( orange dashed lines ) at the Cr, Fe L-edge; e ) is RGB
color scheme was used to indicate the superposition of different colors ( red, Cr; green, C; blue, Fe); anew color will be generated when
two or three colors are mixed, which represents the association of elements; the relative concentrations of Cr, C, and Fe are positively

correlated with the color intensity of red, green, and blue, respectively.

Kl 5 FT1E48 STXM 5& 2 M TA15 i1 ( STXM-ptychography ) A%k (Fe ). #% (Cr) Fifk (C) PR PICE M
@[39]
Fig. 5 Elemental distribution maps of the Fe, Cr, and C coprecipitates based on conventional STXM and STXM-ptychography

[89]
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