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Abstract: [ Objective ] Organic Se is an important component of total Se in soil, and selenomethionine exists as one of the most
common species among the organic Se. Given that the interfacial interaction between iron oxides in soil and organic Se species
remains elusive, this study provides an avenue for understanding the migration and transformation of Se coupling with Fe-cycling
in soil. [ Method ] In this study, the interfacial interaction between selenomethionine and iron oxides, ferrihydrite, goethite, and
hematite was investigated through the analysis of surface species, coordination structure of iron atom (Fe) and adsorption
configuration over the X-ray photoelectron spectrum (XPS), X-ray absorption fine structure spectrum (XAFS), and attenuated
diffuse reflection infrared spectrum (DRIFTS-IR). [ Result] The results revealed that the binding energy (B.E.) of N1s was
decreased to 399.7 eV and it was maintained for the main Se species adsorbed on ferrihydrite. The coordination structure of first-
and second-sphere for Fe atom of ferrihydrite before and after interacting with selenomethionine did not change, while there was
an adsorbed carboxyl-species with bidentate coordination mode. This result suggested that selenomethionine could be adsorbed
on ferrihydrite through the bidentate coordination mode with a vertical adsorption configuration over carboxyl on the surface of
ferrihudrite. After interacting with selenomethionine, the B.E. of Fe for bulk FeOg at the goethite sub-surface was reduced by 0.4
eV. Also, the distance of first-sphere and coordination number of outer spheres for Fe atom in goethite showed an obvious change,
compared to that of the fresh goethite. It indicated that goethite had undergone an obvious dissolution accompanied by obvious
reduction effect after interacting with selenomethionine. Moreover, the Se atom mainly existed as the oxidized species on goethite.
There was a monodentate coordination mode for the adsorbed selenomethionine on goethite with a horizontal adsorption
configuration. For hematite, the B.E. of Fe both at sub-surface and surface were reduced to 0.4 eV, while the coordination
structure of Fe atom for the Fe-sphere did not change but shortened in the first-sphere. This phenomenon revealed a characteristic
weak dissolution interaction and a strong reducibility for hematite interacted with selenomethionine. Owing to the reduction by
selenomethionine, there was a strong surface-enhanced infrared absorption effect for the adsorbed selenomethionine. Besides, the
amino N and Se atoms might directly participate in the chemical adsorption of selenomethionine on hematite. Among the three
iron oxides, there was a similar oxidization pattern for Se during the interaction process and this observation can be summarized
as: 1) the complete oxidization of selenomethionine into selenite and 2) the incomplete oxidization species of selenomethionine.
[ Conclusion ] The interaction characteristic and mechanism of selenomethionine with ferrihydrite, goethite, and hematite was
carefully revealed through surface analysis. The results revealed a differential response for the surface structure of mineral and
change of selenomethionine when it interacted with iron oxides with different surface structure and properties. These findings
provide an important reference for understanding the migration and transformation of organic Se in soil under different Fe-cycling
processes. It also provides guidance for the utilization of Se resource and remediation of Se pollution in Se-rich areas.

Key words: Iron oxides; Selenomethionine; Surface species; Coordination structure; Adsorption configuration

VIZKERD™ . BT R0 AR BB Dy S 10 AR 3% 1) Bk
(Fe) bWy Lo b R R TCALR IR . Bk
PrRee T R A JEAE S R R AR E
FRIC R MPRIGE 5 Ye W) A otk B A AR A P T2 o G
TERHAAT WU, 1 (Se) BLATHERFA: fivfd e . 1
SROLIES) . DUMR SR E L INRE, LR AR WO
A YBER B ORI, Horb, A HLAJE 3

A B 2R A, Rl R O RN 10% ~
85%H 0, L HEAT LA B S A AC R R LA
TPy AARG AR IR 2B, LU A 2R R R 3 A £ 2
SR S AT LA & A5 B AT B R KR PR T 5 T 155 it
TSR Wh, JF RS R HER Y & A AR ELAR T T Bl
ARAS LA TE - 3E IR v (i R e Al BT i
LN, M TRYLEMRR (Se (1V)), KERH"

http://pedologica.issas.ac.cn



880 + b1

63 %

=

FHERET FI R B 45 S8 A0 e n il AR 2 41 R EL A T A
MR 7R (LA Se JuE i), FF FLREAS I Al 1% 5 2
PR AE KA IR B T A S R X R A ik ik s
P 2 B R =2 1 A7 7 3 1) 2 0L i Ak 2 A B
(ELJ 3 Z IR0 (0 43 2 A AR LA AN B
S BOIC PNV AR B A LA 7E £ 1 b R R
fEbLdl . ST, WA T2 Ak 51t
TR AR 22 1] 9 AH ELAE FHARR AR AT By 1 2 A 6 % 2 2R
INGYFAE IR P T RS R A B, S B A 1 4
HH i T 2% A A7 IR 25 LA K 338 Rl g A A e
A A IRBE RN I PR SR R 25 4R 5

BN R  NESIPIE ST N WIE L4 P
T A S5E DR 5 T 11 5 25 R R e ) S Ak 2 W
B AREAE 5 0 B ATL A AF 7 OO0, (e e A 0 o
0 50 Hl 0145 75 81 100 R R L o) S A2 W B FH 14 e
SR, e LU AT T2 AR R AR A SR A Ak R 1 Y
AR ELAE FH O AR OO AT o AR . JF HL, TR
i S 3045 3] 1) 2 UL R AIL ) B AT e EE TR e, e ik
T W A Ak 5 G AR R TR =2 [ ) 1 7K O A S A
AR FFRE

AR, ZMRBERIRNHED), Jolt bkl
TE53 BB A AE 18 7R 43 J2 1T 114 2 55 v A A FHBL )
gl iz AU B AR Ak A S A R R
T FH ELAE FH AL 9 SC SR T o0 M B Ak k™ R T )
Fofr o BBV 0 100 AT 235 0 LA B W B 25 3 o ) A A6
AR B 2T MG TS (FT-IR ) £ 38 7R W B AL AF 5%
FEAZN A, EERLEER B FT-IR
(A AR R &5 #8031 W BT RS B ki = . TR
TRARA 548 26 2 10T W RS RIS 5 A IRl L, 6 1
A A el 25 T 5 5 2255 A e G O 118 5 iV I S o L A
Bear HhEit ( DRIFTS-IR ) 5 AT [ 7448 1k 47 ek
R RE X T RERS (XPS) BEAH
BT RIZICR S, ViR s
B EEE X, U TR A P 2 1 W R AL
Tl AR5 3z i SO X R OS2 5
T ( XAFS ) J&fiff b7 e o 45 46 i B B R 17181
FT XAFS Wik, #eMs T ALy ¥ 5 E A
R A B A S B9 Fe J5T-B0 A2 4549 197284k, MK
78 J5 2 11 40 M S AR k0 5 4G, 2 SR =2 191 £
T AR

AT 1 ek R B A TR, I KR
EHERW R R = Rl AL R 4 S AR R A

YEFI WIS B9 XPS. XAFS Hl DRIFTS-IR i, 237
AN TR AL S AL R A ) 55 0 A B 2 R AR AR T LAS
TR YT . Fe Be A0 2546 A8 Ak L K 3 1 W 2 A
REBEARIHL, HEn TR 2R Ak )
A =W W ROWAE AL, b I A AL Y
TERHEAL . R A5OR) F RN TS Y i £ L SE Atk 9 ) AR
AR

AR ik

1.1 &

Z:7% SCHR 8] 7 i il £ = Fh AL kw4, AR
JanT
L1 KRBT MEIE R Fed K IE 7 il 4K
B, B3.35 g A~AKE =AM (FeCly-6H,0) 7E
PHERES TR TIRE N 75 C KN 500 mL f#
a7k (18.25 MQ-cm ) W1, SRJE 4 BT il A9 Fe® 7K %
WET 75 CTF#4k 12 h SRR AT HE AL
IKTEZEE T BN 3 d, Ia BB R TR 2K 8k
FEdh o
1.1.2 B A A K Fl NaOH UL € Fe' - /K fff
Bl 2 A RE, B 200 mL ¥ 0.5 mol- L' Y Fe’™
JKIEW 5 700 mL %N 2.0 mol-L ' ) NaOH /KiA
W PSR A e, 60 min, BOERITIE, FL
IR VB DUTE R R A DLTE P30T 1000 mL 8
afizk v, FIH 0.3 mol-L ™' Y NaOH 1 W B2 B W 11
pH 1 & 12.0~13.0, 57 55 C N &k 15415

W OTUE. w/amEdBEAKER, £ 55 CF+
WRAT 2 AT BT R A
113 RERF ARSI SRATE KR IL S & ARk

7, B 300 mL ¥ EE K 1.0 mol' L' i) NaOH &K 5
50 mL ¥#J¥ 4 1.0 mol-L ™' ) NaHCO; IS IR A, R
JE A 500 mL ¥ JE 4 0.2 mol-L ™" Fe* 7K i W -t
¥5), BEJEAE 98 C Rtk 7 d B RLLATiNE. wa
HBAUKEZR TBENUEG, JHHE 55 CT TS
B AR FE A
1.2 #RRAEFRE

FH X-$AihF (XRD, XRD-700, i, H
AR ) 55 BT ) A SR AR L) R ZE A, XRD i
ZAF N Cu LR (Kol =0.154 056 nm ), HLES
HL 2000 40 KV 120 mA ., FE 5 0 TE 55 3 1 3 5
W T @8 (TEM, TF20, FEI, 5[ ) W%, k¢

http://pedologica.issas.ac.cn



3 34 T OBiAF: REDCIE-REIEBOR AT AL BRS iCEE 2R A AR A HTRE 881

i 9 HE 2 T RUR ) NG 78 77 KO A8 W R - 5 o 45 7R 2
ST, No W B ERR I FT7E 80 °C R K 3 ho FIH]
WO AR HL 74X ( Nano-ZS 90, Th/R3C, )
T3 ) 45 S AL KRR S Y Zeta HIAE, Zeta LAV
FAh . AAARFERBIRBORE R 1.0 gL', HH
FELAR BN 0.01 mol- L' 3% NaCl 5 -

1.3 SUKETFREIBREEEARERARTE
131 WRRscss ARdEETH AR S AL g Al U R
BT ) 2 O IO 2 6 o 5 A £ 3 2 TR o AR 11 AR Tk
EAPY B IR B S EAR  WRBAR AR E IR
AR, EAREIFRIEEN 1.0 gL', WMitE
MR EE R 200 mg' L™ (Lh Se L&t ), &H:
fi# 54 0.01 mol-L ™" f) NaCl %W K 21 pH M 5.7,
W BFFES ] SRy 48 h, WRBRHEE R 25 C. A R S
LA, B0 B AR R B R AR TTYE . IR
50 CTFHET.

1.3.2 MHEEMTETWRE ST Ao
A SR E RIS RIS S48, 7
5K F XPS. XAFS. DRIFTS-IR/ATR-FTIR Al
20X R ARG X 2 R S 9 R fb R R IR . XPS
3% 7E ESCALAB 250XiES CALAB 250Xi ( Thermo
Fisher Scientific, JE[E ) {448 [oR&E, X-HFLIE N
Al K al 555, A Cls AZZRERFTIE, w2 P
ITHERN 0.05 eV XAFS Bk 7E 51 4 X-5F 4l
N ( XAFS2300, FHARWIG, 17 ) RE, X-
SPEUE R 4 Jm R ST A AR (PRI OT), IE
Ge620 fmiRAY = PEREREE AR &F (SDD £l % )
(KETEK GmbH, &), MHL&M4S5S800: i
ST REE SN Fe K 1 X FLEHUNES, X-
SRR 27 KV, BEIRIEM 7 012~7 712 eV, @
FRSE R 4 mmx7 mm, RHAAN (BN) fikfr
WFE IR G5 R FEM B R B4 13 mm, R
JH IFEFFIT 1.2.12 #4445, ATHENA %2 %) 2% 4 5]
) XAFS 1768 47 IE 5 10—k LR dnBiras (4
RIARE, FREC K AL ) k 55 (0] & 3% #3813 Hanning
0T A AR AR B AR Y R 2SR, k &8
6] BTl 3.000~10.365 A, R 25 [A]FE R 1~3 A,
FVEAL XAFS MRS 58 R AER AT 5T, SR
BRTE MbRfES RS IRl IFEFFIT 1.2.12 B
t ARTEMIS ¥ {F1) FEFF6 2 /7 #1745/ 85, 4
HRBRPEE Fe EFRH—/46 2%k,

MSEI AR SR, @A SR A R LAY
EMETH R [HFH Happiness 78 8025 & IR &
g0 =R A S AR AR SRR A B AR TR S Y
DRIFTS-IR [Ei% ) FOLI20 ( #9027, b ) {0 4s
KA, KRR E R R RIEE (MCT K
MES ), WP HGEHE 600~4 000 cm™', HFERA
1.0cm ',

1.3.3 BB FIFH GaussView 5.0 ¥ EAfiAC
BEWR Sy TR, sk Gaussuan 09 F AL ALARAT
BRI IR I6E (IR), iR =R
TS IR KSR B LR = Moller-
Plesset LIS (MP2), FE41H 6-31 g (+).

2 RS

21 SHHEHNEHEHER

Kl 1a Jg il 45 RE 5L Y XRD TS, = RhRES
() XRD fit i &l 430 55 SCHR (191438 Y 2 26K 8k LA
SRS ( PDF#29-0713 ) FlAREkH™ ( PDF#33-0664 )
BIARIER R ARAT ELAR B 8 00 2 R A 0, X
BB T 1) 25 04 A o3 SR B 1Y) 2 KR
EHERT AR o B 1d~ B 1 AT il % 1 7K
BRE . BHERET MRS B TEM BIE , ok gk
55 f JUR SR AR A, BT AR R R ) 43 1) DA v 4
i JE A T R R RN R SUAEAE o ] 1b Ol =Rl A1k
REAN Y N, W BRI 2R 2k 0 1 10 s, AKX}
N, A0 B ARG Ny 43 Fe X I 3 ok, L 7E 4%
N, 73 DX HR B A /N A [ e A 3k 108 B 7K Ak Bk, 3R
R EA FE WMALE A 50 m A fLE5 . ML T
KA, EHER FI DR R (UAE 1 N, 20 R XA AE W
9 Ny IR, 3 2 B4R R R4 2 R JEARGEFLAA
BE, AR RN R PR OB HE BRI 7 A — o i
HERRS L, 7K. S R 1Y Brunauer-Emmett-
Teller ( BET ) [t & TH 435k 254.6. 46.7 Fl
30.0m>g ' A 1c BT =FELEAEARR pH &4
T Zeta LA o IKERT 1Y) Zeta HELAV 55 pH( pHyzpe )
W& = 8.0, TEFERE AR R 1Y pHzpe ¥I4%3T 7.5
FEWEFHAR R pH o 5.7 W54, = Fh S fb ik Fkimdy
i IE LT, FLAEAAE pH 450F T, K™ IR Zeta
HL AV 3 AR R IR R 1 R T Zeta FRLAV o

http://pedologica.issas.ac.cn



882 + o ¥ 63 4
a b c
) ) 250, o )
~ —— ;J{E%E‘ Ferrihydrite E 451 A N
= JRE Hematite on | —— £ Goethite E —
= g 2000 IR Hematite = 30t §N
e ~ 5 \
z g 150 2 15t
2 E ]
i~ FHKA™ Geothite 2 100 2 o
M 2 . .
= ~ & | —e—JKEKH" Ferrihydrite
- = 50 o 15 .
JKERH” Ferrihydrite <& = —4—FIEk8” Goethite
i —— < 8 30} —=— kT Hematite °
L A L A Tz 0 N 1 L L ) N A ) . L A )
10 20 30 40 50 60 70 80 0.0 0.2 0.4 0.6 0.8 1.0 4 5 6 7 8 9
200° pH

FIX} T Relative pressure

SRR XA (XRD) B (a). Ny SEHRIEH-BERThZE (b). ANIF pH

Bl 1 KN Zeta WAL () FLZE
B RAEE (TEM) K& (d~f 503K g, ek FRgke)
Fig. 1 X-ray Diffraction ( XRD ) patterns (a), N, adsorption-desorption curves (b ) and Zeta potential at different pH (¢ ) of iron oxides,

and transmission electron microscope ( TEM ) images of iron oxides ( d-f refers for ferrihydrite, goethite and hematite, respectively. )
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Fig.2 High-resolution X-ray photoelectron spectroscopy( XPS )of Fe2p for ferrihydrite before and after interacting with selenomethionine( a ),

Nls (b), and Se3p (c¢) for selenomethionine and selenomethionine interacted with ferrihydrite
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Fig. 3 High-resolution XPS of Fe2p for goethite before and after interacting with selenomethionine (a ), Nls (b), and Se3p (¢) for

selenomethionine and selenomethionine interacted with goethite
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