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power systems and the global internet 
system. The variation of geomagnetic 
polarity is worth noting; the behavior 
can hence be well understood accord-
ing to the paleo-records inside a stalag-
mite using this new diagnostic method. 
(Reported by Chun-Chieh Wang)

This report features the work of Ch-
uan-Chou Shen, Yu-Min Chou and their 
co-workers published in Proc. Natl. 
Acad. Sci. USA 115, 8913 (2018).

TLS 01A1  SWLS – White X-ray
TLS 01B1  SWLS – X-ray Microscopy
•  TXM, WXM
•  Geo-sciences
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Fig. 2:  Images obtained using a synchrotron white X-ray microscope (WXM, TLS 
01A1), transmission optical microscope (TOM) and a transmission X-ray 
microscope (TXM, TLS 01B1) for the Sanxing stalagmite SX11. (a) WXM 
image of a thin stalagmite section obtained at 530–550 mm depth. (b) 
TOM image at 535 mm (dashed-line area in (a)). (c) TXM absorption and 
phase-contrast images obtained at the m01 zone of (b). Dense particles 
could be detrital magnetic minerals (dark spot/area in absorption images) 
with grain sizes 0.1 to tens of µm. [Reproduced from Ref. 1]

Synchrotron-Based FTIR Microspectroscopy Prom-
ises a Non-Destructive Measurement in Situ of 
Organic Carbon in Soil to Solve an Environmental 
Problem
As global awareness of environmental protection increases, this issue of environmental con-
cern is attracting global attention and becoming more serious. Luo et al. are the first team 
to elucidate spectral evidence of the roles of organic carbon moieties present in the sorption 
of non-ionic organic compounds in soils using synchrotron-based Fourier-transform infrared 
(SR-FTIR) microspectroscopy without chemical pre-treatment and extraction of soil samples. 

H uman activities introduce nitro-aromatic compounds into the environment as a result of the synthesis of 
many and diverse products, such as dyes, pesticides, polymers and explosives; the environment on which 

our life relies would be the final destination, especially soil and sediment. Non-ionic organic compounds (NOC) 
that play a crucial role in soils and sediments in adsorbing organic carbon (OC) involve a main environmental 
process, including the interactions of soil-sediment environments with human activities and the regions of the 
surface. To understand the role of sorption of NOC in various environmental processes is hence crucial for a pre-
diction of their environmental fate. So far, the organic carbon moieties as the sorptive target of non-ionic organic 
compounds such as nitro-aromatic compounds in soils is puzzling because of the extremely complicated com-
positions of soil matrices. Current studies on the sorption mechanisms rely mainly on conventional batch exper-



Environm
ental and Earth Sciences

A
CTIV

ITY
 REPO

RT  2018

074

Fig. 2:  Presentation of infrared spectral 2D-distributed nitro-, C-functional groups and illite O-H in black soil (thin section) using SR-
FTIR microspectroscopy. The field of view of the examined sample is 100 × 120 mm2. The intensity of each line height of charac-
teristic absorption of chemical moieties is scaled according to a color scale at the right. [Reproduced from Ref. 1]

Fig. 1:  (a) Visible image of a soil thin section (left), and SR-FTIR spectral images of color overlays of chemical images of aromatic C 
(green) and NO2 (red) in mDNB-spiked brown soil (right). (b) Infrared spectra of standard nitro-aromatic compounds in mD-
NB-spiked soils. [Reproduced from Ref. 1]

iments. The team led by Lei Luo (Chinese Academy of Sciences) utilized SR-FTIR microspectroscopy for probing 
nitro-aromatic compounds in soils with varying hydrophobicity and their associations with aliphatic and aromatic 
organic carbon moieties. Non-destructive analysis is one of characteristics of SR-FTIR microspectroscopy, which 
provides a spectral analysis and chemical image with ultra-high lateral resolution at diffraction-limited wave-
length in the mid-infrared range for a tiny sample, about 10 × 10 mm2. 

Luo elucidates spectral evidence of the existing roles of organic carbon moieties in the sorption of non-ionic 
organic compounds in soils, using SR-FTIR microspectroscopy in situ to provide 2D-distributed chemical imag-
es without chemical pretreatment and extraction of soil samples, as illustrated in Fig. 1.1 Chemical images of a 
soil sample were established for nitro (-NO2), aromatic C, carboxylic C (C=O), aliphatic C and clay mineral (O-H) 
groups based on the heights of spectral lines at 1536, 1613, 1730, 2922 and 3621/ 3695 cm-1, respectively, as 
shown in Fig. 2, which present both nitro groups and OC moieties to exhibit an uneven distribution within the 
soil. Although distinct in terms of OC content and clay mineral types, all soil samples showed similar 2D-distrib-
uted line heights of the nitro group and OC species and clay minerals (nO-H stretching vibration at 3621 cm-1 
from illite for black and brown soils and at 3695 cm-1 from kaolinite for red soil). Specifically, the nitro-aromatic 
compounds and aromatic moieties (νC=C stretching vibration at 1613 cm-1) showed similar 2D-distribution spec-
tral imaging patterns in the soils, revealing that the local number of densities of nitro groups and aromatic C 
correlate strongly with each other within the soils. 
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In summary, this application marks the first time that SR-FTIR microspectroscopy in situ are employed at TLS 
14A1 to disclose the 2D-distributed nitro-aromatic compounds in soil samples, in an investigation of the cor-
relation with OC moieties in soils. Microspectral evidence supports the perspective that 2D-distributed NOC are 
associated intimately with aromatic C among components of natural soils, especially with highly hydrophobic 
compounds. The SR-FTIR microspectroscopy in situ present a promising potential to elucidate the interaction 
between organic carbon moieties and the contaminants of geo- and bio-samples based on investigations in situ 
with the lateral resolution on a micrometer scale, which might enable further exploration of reaction mecha-
nisms of organic carbon and organic contaminants during environmental processes. SR-FTIR microspectroscopy 
in situ especially provide a non-destructive analysis so as to maintain soil samples under pristine conditions, to 
validate the difference in the binding domains between aromatic C and aliphatic C, and to construct a relation 
between the 2D-distributed infrared absorbance of NOC and various OC moieties in natural soil samples. And 
the result revealed that nitro-aromatic compounds and organic carbon moieties were unevenly distributed with-
in the soils and the lateral distribution of nitro-moieties was intimately correlated with that of aromatic-carbon 
moieties (C=C). Based on these findings, Luo suggested that the aromatic-carbon moieties of organic carbon in 
soil should play a key role to trap nitro-aromatic compounds in these soils; in contrast, neither nitro groups nor 
aromatic carbon showed a close relation with aliphatic carbon (C-H) in the distribution of soil samples. This work 
can answer effectively the question of the role of OC moieties as binding domains for NOC in soils. (Reported by 
Yao-Chang Lee)

This report features the work of Lei Luo and his collaborators published in Sci. Total Environ. 624, 210 (2018).

TLS 14A1  BM – IR Microscopy 
•  FTIR Microspectroscopy
•  Environmental Science, Chemistry, Surface
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