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Abstract:  Objective As the most dynamic and bioavailable fraction of the soil carbon pool, dissolved organic matter (DOM)
plays important roles in a wide range of biogeochemical processes in the environment. The interaction of soil minerals with DOM
would induce structural fractionation of the DOM at the mineral/water interface, thereby influencing long-term preservation and
biogeochemical processes of the DOM in the soil. Ferrihydrite, a poorly crystalline iron oxide, is known to be highly reactive to
DOM in the soil owing to its high specific surface area and abundant reactive binding sites. It is widespred in the enviroment and
can associate with DOM through either adsorption or co-precipitation. However, so far, few studies have been reported on
structural fractionation of DOM at the ferrihydrite/water interface induced by co-precipitation at the molecular level. =~ Method
To explore molecular fractionation of DOM at the ferrihydrite/water interface during its co-precipitation process, this study
prepared ferrihydrite-DOM complex separately in solutions different in carbon/iron (C/Fe) ratio via co-precipitation and adopted
the technology of combining ultraviolet (UV) spectrum with electrospray ionization Fourier transform ion cyclotron resonant
mass spectrometry (ESI-FT-ICR-MS) to probe changes in DOM composition after co-precipitation ended. Species of C and Fe in
the complex were determined with the aid of X-ray photoelectron spectroscopy (XPS) and Fe K edge XAS. Result Results
show that Fe in the complex existed mainly in the form of ferrihydrite, of which the proportion gradually decreased from 95.9%
to 68.0% with the increase in initial C/Fe ratio of the solution. UV and ESI-FT-ICR-MS analysis collectively revealed that during
the co-precipitation process, ferrihydrite fixed in priority aromatic components high in molecular weight and rich in oxygen
(mainly combustion-derived condensed polycyclic aromatic- and vascular plant-derived polyphenols-like substances) in the
DOM, leaving aliphatic components in the solution. The lower the solution in C/Fe ratio, the higher the molecular fractionation in
degree. This feature is basically consistent with what has been reported about the fractionation induced by adsorption, which
indicates that no matter whether in the process of adsorption or co-precipitation, ferrihydrite tends to fix DOM components high
in molecular weight and aromaticity, thus leading to changes in chemical composition of the DOM as well as surface properties of
the ferrihydrite, which will in turn affect sorption, transportation and transformation processes of the contaminants therein. In
addition, this study was the first to find that ferrihydrite varied dynamically with the reaction in time in selectivity to structure of
the DOM, that is, combustion-derived condensed polycyclic aromatics were preferentially fixed in the ferrihydrite-DOM complex,
and with the reaction going on, vascular plant-derived polyphenols-like substances followed. Conclusion The findings in this
study are expected to be able to help understand in depth the mechanism of molecular fractionation that affects geochemical
behavior of DOM in the environment via co-precipitation during the process of ferrihydrite formation.

Key words: Ferrihydrite; Co-precipitation; Dissolved organic matter; Molecular scale; Component with high molecular weight
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Fig. 1 Schematic diagram of ferrihydrite-DOM complexes formed by adsorption and hydrolysis co-precipitation
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Table 1 Bulk and surface property of ferrihydrite-DOM complex
) FE A 5T Bulk property FETH M i Surface property
#F‘l_ll'l %‘%ﬁ C/Fe/gﬁlg C/Fe
e C # Fe T/ e C C-C/C=C C-OH C=0 COOH % Fe FBk/fk
Sample Surfacec/re/Bulkc/re
/(gkg') /(gkg') C/Fe /(gkgh) 1% 1% 1% /%  /(gkg') C/Fe
FhC0.3 5l.1e 595.1a 0.4e 442.1¢ 75.5b 4.4b 4.6a 15.5a 127.2a  3.5e 8.8a
FhC1.5 115.2d 328.3b 1.6d 499.2¢ 79.3a 3.0¢ 4.0a 13.7b 102.2b  4.9d 3.0b
FhC4.5 221.1¢ 218.2¢ 4.7¢ 593.4b 81.5a 2.6¢ 2.4b 13.5b 55.3¢ 10.9¢ 2.3¢
FhC8 276.4b 154.3d 8.4b 631.4ab 72.6b 6.4a 3.3ab 17.7a 39.2d  16.3b 1.9d
FhC16 392.2a 64.3¢ 28.8a 675.3a 77.9a 5.3a 4.2a 12.7b 243d  27.8a 1.0e

¥ : FhCO0.3, FhC1.5. FhC4.5. FhC8 Fl FhC16 43 53R /R FEH W C/Fe BE/RHN 0.3, 1.5, 4.5, 8.0 Ml 16.0 T il 45 1 /K" -DOM
B4k ; I C/Fe/38 1K C/Fe: Rifi C/Fe 5k C/Fe 1Y LA ; [F]—51 A [R) - Bf: e /m AN [R) b B ) 25 5 i 3 ( P < 0.05) . Note: FhC0.3,

FhC1.5, FhC4.5, FhC8 and FhC16 refer to the ferrihydrite-DOM complex formed at the solution with C/Fe molar ratio of 0.3, 1.5, 4.5, 8.0
and 16.0, respectively; SurfacecreBulkcr.: the ratio of surface C/Fe to bulk C/Fe; different letters in the same column mean significant

differences between treatments (P < 0.05).
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Fig. 2 Organic carbon ( OC ) content in the complex and OC removal rate (a), Rsyva,sq and Ry, of DOM solution (b ) ( Data about SUVA,s4

of DOM in the figure were cited from Ref. 1)
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Table 2 Relative abundance of DOM component obtained with the aid of the electrospray ionization Fourier transform ion cyclotron resonance
mass spectrometry relative to duration of the reaction

S I3 B[] Ihbed e o A U 2 IO R Y R AEAE YR IR I 2 AN BE S A B2 -
R
Duration of Combustion-derived condensed Vascular plant-derived Highly unsaturated and
Aliphatics/%
reaction/h polycyclic aromatics/% polyphenol/% phenolic compound/%
0 13.7 22.5 47.2 16.5
2 6.2 19.5 58.3 16.0
6 0.0 6.3 73.5 20.3
12 0.0 1.5 62.4 36.1

LUk H/C
S/ H/IC

00 02 04 06 08 1.0
&/ OIC

S/ HIC
S/ HIC

0.0 012 0‘.4 OI.6 OI.8 1.0 0.0 0.I2 O.I4 O.I6 0.I8 1.0
S/t OIC S/t OIC
e BRI/ MUERAG R s 1, 2, 3 F4 4p5IRERA S 1 Hr 2. A5 3 RISy 45 450 | IREM P B =B % 2
WIS ELRY B 415 2 ARG YRR LMY BT, 415 3 IR = w2y B, 5 4 (RRIEFIEY BT, Note: Size of
the circle indicates relative peak intensity. 1, 2, 3 and 4 in graphs represents groups 1, 2, 3 and 4, respectively; Group 1 represents
combustion-derived condensed polycyclic aromatic, Group 2, vascular plant-derived polyphenols, Group 3, highly unsaturated and phenolic

compounds, and Group 4 aliphatic compounds.

B 5 BREREEIRIE 4.5 T KW AR E] 5 DOM # i A9 IR &

Fig. 5 van Krevelen diagrams of DOM solution with C/Fe ratio of 4.5 relative to duration of the reaction
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