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Abstract: [ Objective ] Existing literature has predominantly concentrated on the influence of microbial activity on soil organic
nitrogen mineralization. However, the role of abiotic processes, particularly the non-biological mineralization of organic nitrogen
facilitated by typical manganese oxides, has received little attention. [ Method ] This study employed nsutite (y-MnO,) as the
experimental mineral and soybean-derived peptone as a representative of soil organic nitrogen to investigate the effect of abiotic

nitrogen mineralization mediated by y-MnO, under a near-neutral environment and elucidated the reaction mechanism. Three
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experimental systems were designed: a peptone system (0.25 g-L "), a y-MnO, system (1.0 g'L™"), and a mixed system comprising
both peptone (0.25 g-L™") and y-MnO, (0.25-2.0 g'L™"). [ Result ]The results indicated that under pH 7.0 and in an air atmosphere,
vY-MnO, could facilitate the mineralization of peptone nitrogen, producing inorganic nitrogen. The mineralization rate of peptone
(0.25 g'L™") initially increased and then tended to stabilize with increasing initial y-MnO, concentrations (0.0-2.0 g-L™"). In this
process, Mn(IV) and Mn(III) present in y-MnO,, along with reactive oxygen species (ROS) generated on the mineral surface,
served as the principal oxidizing agents facilitating the mineralization of peptone into inorganic nitrogen. [ Conclusion ] This

study is anticipated to advance the understanding of organic nitrogen mineralization mechanisms in farmland soils and to enhance

the comprehension of nitrogen cycling processes within agricultural ecosystems.

Key words: Soil minerals; y-MnO,; Abiotic nitrogen mineralization; Reactive intermediates; Reactive oxygen species
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i
Fig.5 XPSMn2p (a), O1s(c), N1s (e) spectra of solid products in the system of y-MnO, ( 1.0 g'L™" ), and XPSMn 2p (b), O 1s (d),
N Is (e) spectra of solid products in the system of SP (0.25 g:'L™') +y-MnO, (1.0 g¢'L™") after 60 h at pH 7.0 in air atmosphere

£2 EpHTOMESHFEEHET, v-MnO, (1.0gL™") B—{KZRELUK SP (0.25gL™") 5y-MnO, (1.0gL™") BAIK
FAK L 60 h [ EHEA=HAT Mn 2p. O 1s #1 N 1s XPS Sl SFB RELFERZES Mo, O I N RIS EF 2L

Table 2 Percentage of Mn, O, and N species derived from the fittings of Mn 2p, O Is and N 1s XPS of solid products formed in the reaction
system of y-MnO, (1.0 g¢L™"), and SP (0.25 gL ") +y-MnO, (1.0 gL ") at pH 7.0 after 60 h in air atmosphere/ (at.%)

FANALNA Jii i @G 1275 FHA
Reaction system Spectral peak Binding energy/eV Chemical state Content/ (at.% )
1.0 gL' y-MnO, Mn 2p 641.10 Mn (1) 11.47

Mn 2p 642.00 Mn (T1) 46.78
Mn 2p 643.20 Mn (V) 41.75
0 1s 529.54 Ot 47.44
0 1s 530.27 Ohads 52.56
N 1s - - 0
1.0 gL' y-MnO, Mn 2p 641.10 Mn ( II) 14.19
+0.25 gL' SP Mn 2p 642.00 Mn (1) 46.71
Mn 2p 643.20 Mn (V) 39.1
0 1s 529.46 Ouu 39.4
0 1s 531.49 Ouas 60.6
N 1s 399.6 Nion pr 97.34
N 1s 401.3 Np: 2.66
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400 nni

400 nm

&l 6 Ihh y-MnO, (a) LA K pH 7.0 FIZs S HI S y-MnO, (1.0 gL ™) #—{KZ& (b), SP(0.25gL™") 5 y-MnO, (1.0
gL ) IBEERER (¢) = 60 h 5 EH~ a9 dmssE (SEM)

Fig. 6 Scanning electron microscope ( SEM ) images of the pristine y-MnO, ( a) and solid products formed in the reaction system of y-MnO,
(1.0gL")(b), andSP (0.25 g L") +y-MnO, (1.0 g'L™") (¢) at pH 7.0 after 60 h in air atmosphere

1.OF b) 14 ¢)
§; 0.8 12
8 lof —O0h —1h
g 06 —6h 12h
S : 08 —24h —36h
2 48h — 60h
< 0.4 0.6
giid 0.4 H
§ 02 o.z-\
0.0F

0.0
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I Wavelength/nm

0 L 1 L n n L n L
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K Wavelength/nm

210 240 270 300 330 360 390 420
K Wavelength/nm

K7 1E pH 7.0 FIZ S5 EAAE T, y-MnO,+HEBERRHN ( Na-PP )(a), y-MnO, (b ) Fl Na-PP (¢ ) ¥ 25 h-1] W, ( UV-Vis )
WG
Fig. 7 Ultraviolet-Visible ( UV-Vis ) absorption spectra of the y-MnO,+Na-PP (a), y-MnO, (b), and Na-PP (¢ ) solutions at pH 7.0 in air
atmosphere
Ty 25Fa) o b
&0 = 018} )
£ g
= 20 <
.8 o 5 0I5
®5 15 ®E 012f
Ke g
® S8 S 009+
¥z 10F = 025g17SP Yo
% % —o— 1.0 gL' SP y-MnO,+0.25 g'L' SP E 7 0.06}
T3 05— 025 gL' SP+10 mmol-L~! Na-PP 2z
= —v— 1.0 gL' y-MnO,+0.25 g'L! SP 2 0.03 -
% 00t +10 mmol-L ™' Na-PP 2
D . | ! 1 1 ! 1 ! 2 000 | ! ! 1 1 ! 1
0 10 20 30 40 50 60 0 10 20 30 40 50 60
i fia] Time/h /8] Time/h

K8 7EpH 7.0, 25U BIAIER M 10.0 mmol-L™" Na-PP 514 F, SP (0.25 ¢ L™") i—fKRLIK SP (0.25 ¢L") 55 y-MnO,
(LOgL™") AR PHEME NHINHE (a), RAMRR DI NHi-NKE (b)
Fig. 8 Concentrations of dissolved NH;-N in the systems of SP (0.25 g'L '), and SP(0.25 gL' ) +y-MnO, (1.0 gL' ) (a) , concentrations

of adsorbed NH;-N in the systems of SP ( 0.25 g¢'L™') +v-MnO, (1.0 gL' ) (b ) with the addition of 10.0 mmol-L™' Na-PP at pH 7.0 in air
atmosphere

%l 9a FIE 9b Ky pH 7.0, 2SR BEMET, F
FH IR ARG 154X EPR I & 2 14 5 y-MnO,

RARARS O, FI-OH BAFLE. FER N 1.5 h BJ AT B
WMEFRAE AT AR T 0, Fl-OH, ¥E—4 & &
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S5 SARIT, LR LIRS v-MnO, TR A PR 3R B S 1
(P 2 T R RS L R T R A

K T y-MnO, B—{K R rh kAt Hy,O, ¥ (18] 9¢ ),
TERY 60 h &l Fr, Wit HyO, WREE 2B hn s

FRARAy i, TERNL 6 h RREERBIRAM. Bk JBUd .

lan b —~ 500F

;i ) .o o Ol £ <)

B E 450

g L2

2 2§ 400
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ko SE 3s0f
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~ Oh g

i S 300
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W% Magnetic field/G W43 Magnetic field/G [} /8] Time/h

B9 7F pH 7.0 Mz U BE&ME T, SP (025 gL™") 5 y-MnO, (1.0 g L") IRAR AR % (0,7) (a) FEEE
A (:OH) (b) MH-FIiRIEHR (EPR) S y-MnO, (1.0 g L") H—{k R A it i LA (H0,) WRIE (c)
Fig. 9 Electron paramagnetic resonance ( EPR ) spectra of superoxide radical ( O, )(a), and hydroxyl radical (-OH ) (b) in the mixed system

of SP (025 g'L™") +y-MnO, (1.0 gL™") and instant concentration of hydrogen peroxide ( H,0,) (¢ ) in the system of y-MnO, ( 1.0 g-L™") at
pH 7.0 in air atmosphere

2.4 y-MnO, REMIEEMRT LiTENZ
Bl 10 24 pH 7.0, =SS HAMT, EAW
(025 gL") 5ARFPIHHSE yv-MnO, (0~2.0gL™")
JNE 60 h i FE, AR A NHi-N . NO3-N Fl
Mn ( 1) ¥, BEEVILG v-MnO, WEERI N, I
TR R AR B RS NHe-N Al Mo ( 1T) WREESEB
W I JE TP, RV 60 h JE, ARARER T
VAR AS NHL-N VR EEHRIR O 1.232, 1.666. 1.830.,
2.247 F12.315 mg'L'; Mn ( 1T ) ¥EEIRKH 0.0,
1.194, 3.771. 10.097 Fl 12.548 mg-L ', T &> K
R R TR ARA NOs-N IR T B A8k, FiREE R

—=— 0.0 gL y-MnO,

YA, fE—E MR, P v-MnO W, T
PRAE AR L R i R

3 i #®

3.1 y-MnO, F=4 & b E

B A AL TE 3 A, B S R
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HLHIPY S SR 1T, R 22 A 75 25 S 22 0 76
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L 30Fa) 0251 y-MnO, £ 07Fb) < 025gL yMno, T, '8fO) T 00EL YO,
g 27t 050 g~LI’1 ¥-MnO, 6Eo 0.6 —— 0.50 g'L™" y-MnO, ©I5F L 050 g.Lfl V_Mnoz
:\é 24l + 1.0 g~]_fI v-MnO, E/ 05} - 1.0 g'L;I v-MnO, e %’ - 10 gt’gL»l y},MnO :
g — 2.0 gL y-MnO, g - 20gL"y-MnO, S 12 20 21~ v-MO.
Lﬁ?é?éZ.l— §§0.4 H~§ ol —— 2.0 g’L™" y-MnO,
kg K2 03 s g
®g 18 ﬁ E ' w2 6}
S = g s}
Z 15 Q 02 r ,ti
o %o} El!
@ 1.2 I I I I I I % 00 ‘ ‘ ‘ . . ‘ ‘ § 0 ‘ : : : : .
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
Hf 1] Time/h Hf ] Time/h HF 1) Time/h

B 10 1 pH 7.0 fizs A BI&MT, SP (025 g L") SARREBIAEE v-MnO, IRAIRZR hif# 4 NHi-N (a), NO3-N (b)
FiMn (1) (c) HeRE

Fig. 10 Concentrations of dissolved NH;-N(a), NO3-N(b ), and Mn( I ) ( ¢ )in the systems of SP( 0.25 g-L"" ) with different concentrations
of y-MnO, at pH 7.0 in air atmosphere
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HrE A Mn () RS TG M SR Rl e 4 B AL P 5 4k
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