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Abstract: [ Objective JExisting 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-MnOz) 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
v-MnO, under a near-neutral environment and elucidated the reaction mechanism. Three experimental systems
were designed: a peptone system (0.25 g-L1), a y-MnOz system (1.0 g'L1), and a mixed system comprising both
peptone (0.25 g-'L™!) and y-MnO2 (0.25~2.0 g-'L ). [Result] The results indicated that under pH 7.0 and in an air
atmosphere, y-MnO2 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-MnOz; Abiotic nitrogen mineralization; Reactive intermediates; Reactive oxygen
species
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1.1 RFI 5

KEHEAMK (BR). MiMIZKM (AR, 98%). FEMEERIN (AR, 99%). —%fkif (AR,
=97.5%) ¥ H T EZAELEBMEERFNARAF . Frg Lk 268 HREA 2 E 7K (18.2
MQ-cm). I X-SHEATHHM (XRD, LabX XRD-6100, SHIMADZU, HA) 4% fbfh
m AT AT R R B AR 2 Ak (Y (FTIR, VERTEX 70, BRUKER, #&[E)
X HHATRAE AT KA X-BH 806 REiE{ (XPS, VG Multilab2000 X, VG Scientific,
H[H, AlKo, 1486 eV) X “FALEEI Mn. & (O) FIE (N) I &A1k 2 B HEAT RAE
3.
1.2 R

FEAFETER R BRI ANEE, BT LU YR 5 A —— K 5 AR
(SP) {ENTIBEWAEMARRERN, 53w (7 7E S D Y)—— S A SR R
B SEIG R, BT RS S AR LR SEIG IR 2SR5, pH 7.0 1 25 “C&AF T
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FAMUAK 0.0~2.0 gLt 54k, FECh THHBAEAEK, mpTa SR RPN
AT EE ) (0.2 g LY BRAIZREN) B8, SR )5 ) SR N 300 mL e 4i/K (25T 0.22 pm
REELSL ). N GOLRRIRI, FAREAREE RN, RS IR, A 022 um JE
FEL 98 20 mL B, WA EAH . AR 2 mol-Lt KCI X A A e 8] s YSc 82 F [ AH R4
fEMTRES, A AREIREATIRY 1 h, RGO IEFRGS, UEEmARER .

W ) GREYEEDFA Mn(I) 7E4L AL EALIE R  Fe b m] R 5 25 BB
YEF o FIH B F IR IR G (EPR) 20 #ir [ B & A p= A= 5 S8 A I A 2 001, AR R
RET (PP) A3k Mn(II)FERARE 25540 (Mn(II1)-PP), H7E 258 nm Ab 777 R AETR UL
UE120), 7 AR Z2 HFOIN 10.0 mmol- L AEREEREN, HF 7 Mn(I)FITE RS 7E . RS2 e L
PERvEYE, LRSI T T S IRER .
1.3 WA E

FEEE A PR SR (NHA-ND IR B FSEmy 5 L (b2 K ol 625 nm A 45 4h-v]
DL 6 E TR IRY R RE P RS A A (NOs-N) [FIRERF btk e He o 8. VAR
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Fig. 1 X-ray diffractometer (XRD) patterns (a) and Fourier transform infrared spectroscopy (FTIR) spectra (b) of pristine
manganese dioxide

BRI X-SF 2T RIS OO Z R AR R T Mny O FI N I S AL S kAT
KAESH (E2) , HMn, OFN TEWENEEA S HEREWAER 1 H. Mn 2p 7T
641.10- 642.00 A1 643.20 eV 4b () =254 AEVE RT3 51VAJE T Mn(11) Mn(11) AT Mn(1V/)[27-281,
O 1s {7 T 529.61 11 530.91 eV [NHAE54 REERT 75 H & T y-MnO, H ) S (Opar)
W I P2 (Oags) 27290,

a)

b) o

o Mn(lln
Mn(IV) 0

Mn(1l)

FEI¥ Intensity/(a.u.)
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4i#rfiE Binding energy/eV 455 fE Binding energy/eV 4545 fi% Binding energy/eV
1 [ BIRR XPS £, M 28R A o Oass: R4, Oy &% . T [Al. Note: The circles represent the XPS data
and the solid black curves represent the fitted data. O.qs: adsorbed oxygen species, Oy lattice oxygen. The same as below.
2 Y14 y-MnO2 ff1 Mn 2p (a). O1s (b) RIN1s (c) X-HHLEtFAgRE (XPS) Jeith
Fig. 2 X-ray photoelectron spectroscopy (XPS) Mn 2p (a), O 1s (b), and N 1s (c) spectra of pristine y-MnO,

% 1 48R y-MnO2 89 Mn 2p. O 1s #1 N 1s XPS BIA B EITEMLERZS Mn. O F1 N #FE S EF L
Table 1 Percentage of Mn, O, and N species derived from the fittings of Mn 2p, O 1s and N 1s XPS spectra of pristine
v-MnO,/(at.%)

i e il S BERHESL
Spectral peak Binding energy/eV Chemical state Content/(at.%)
Mn 2p 641.10 Mn(ll) 0.46
Mn 2p 642.00 Mn(IIT) 55.25
Mn 2p 643.20 Mn(1V) 44.29
O1s 529.61 Olat 59.37
O1s 530.91 Ougs 40.63
N 1s - - 0

2.2y-MnO, 5EEAFMEEER

Kl 3a~& 3c A pH 7.00 FAGHE FEE MR (0.25 g LD E—K R, y-MnO2 (1.0 g LD
KRS E AR (0.25 g L) 5 y-MnO; (1.0 gL 1) A& R AEMA NHa-N. NOs—-N
PAJe Mn(IiKEE . fEERARE—R RS, BEHERMIET, NHa-N A NOs-N K EE35 o &
Ak, FEEANRS y-MnO IR AR R, B PTHEAT NHs N IRFEEIZHIE K, 1 NOs-N #
5T B A 5B — R A AR BRI, S8 60 h S, JRA A R NH. N IR G T 82.4%.
Lt FER, & RS AER, JRE R R PR Mn(I)KE R & T y-MnO2 R —1A R,
H 60 hJ&, EEEZRT Mn(I)IKEEFIEL y-MnO, #— K RZIEIN T 204.9%. EikgsHE%
B y-MnO KB TSI JE I B, HARME T 8 E R AE IR . 8 73— T f# y-MnO:
H5EARR R NIERE, W T A FI B PR RS NH N REE (B 3d). Bl R
HAT, MRS NH4 N 3R BERUREAG, HIRHAS NHa N R E (0.144 mg LY @K+ x
7 5o R R VA R AS NHg*-N i KIKE (0.966 mg' L. PLEZEBULET, y-MnO, 55 A ik
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AR AR BEAS NHa N (d) IKJF
Fig. 3 Concentrations of dissolved NH,*-N (a), NOs™-N (b) and Mn(ll) (c) in the reaction system of soy peptone (SP) (0.25 g-L™),

y-MnO; (1.0 g'LY), and SP (0.25 g'L!) +y-MnO; (1.0 g'L ™), and concentrations of adsorbed NH,*-N (d) in the systems of SP
(0.25 g'LY) +y-MnO, (1.0 g'L ™) at pH 7.0 in air atmosphere
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%% 9 JE T B-MnOOH (JCPDS no. 18-0804) [26.30 ([&] 4a)., 7E¥I4AE MM FTIR i,
1249 cmt ZLHFAETR IS U4 AT T JE T C—C 48, 1398, 1581 12 941 cmt A4 AIE M U I m] 43 1)
JFHEF C-N H4i4Rs0. N-H & #hIRsh Al C-H 459k, 1654 cm L AMRFAEN I IE AT U5 KT
C=0 {45 H-O—H 25 #h4R5), 3 395 cm L AMHAEMR US4 7] 4 T N—H F1 O—H 145
PRBhBY (& 4b). SRiMT, SHIEE v-MnO2 (1) FTIR 6L, v-MnO, Bi—1k R LM R AR S

Y-MnO2 I &K R FTIR D645 SR BoR N 60 h Gl ¥k A c W 232tk (18 4b).
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Bl 4 75 pH 7.0 = SFEBE &M T, SP (0.25 gL D) BE—KR, y-MnO2 (1.0 gD BE—RLLJ SP (0.25

gL 5y-MnO2 (1.0 gL ™Y RAEERFEAM™H) XRD El#E () A FTIR Kk (b
Fig. 4 XRD patterns (a) and FTIR spectra (b) of the solid products in the reaction system of SP (0.25 g-L ™), y-MnO, (1.0 g'L™Y),
and SP (0.25 gL'} + y-MnO, (1.0 g'L™*) at pH 7.0 in air atmosphere

Kl 5 y-MnO, #—h & DL R IS y-MnO2 B S 1A R S 60 h J& EAH~ & Mn
2p. O 1s FIN 1s ] XPS A ik, Mn. O FIN TRIMAMEREHE LR 2. SHIHY
YIFH L, y-MnO2 B — R R o [ AH =R AR TEZS Mn (Mn(11) FTRHIEZS O (Oags) 1Y
A amYAREm. EAES y-MnO2 1A 17K R H B A =R AN TEZS Mn (Mn(11)) Fi
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WIHTER O (Ous) MIEHFEEMLT v-MnO2 S— K RIYHFTIE M, HIR G R [E A
PR T AFIESK N, EZEHER FUESEIER (N o) 47, DELTFEER
JER (Np) A7AER,

a)

b) ©)

Mn(IV) Mn(lily

Mn(1V)

Mn(Il)

% Intensity/(a.u.)

648 ()47 ()4() ()45 644 ()43 642 ()4] ()40 6"9 638 648 ()47 ()4() ()45 644 ()43 ()42 ()4| ()40 ()39 ()38 536 535 534 533 532 531 530 529 528
£5-5fE Binding energy/eV 4545 HE Binding energy/eV 454 ik Binding energy/eV

d) ! e) 1051 ¥-MnO,+0.25 g-L ' SP

5B Intensity/(a.u.)

1.0 g-L" y-MnO,

536 535 534 533 532 531 530 529 528 404 403 402 401 400 399 398 397 396
454+ ik Binding energy/eV 4545 fi Binding energy/eV

s Noonpes B TFALES, Np: i TFHE%. FIE. Note: Noonpr: non-protonated nitrogen, Ny: protonated nitrogen. The same
as below.

B 5 7 pH 7.0 MIE SR BT, y-MnO2 (1.0 gL 1) H-—{K R 60 h J5EAHF~#H Mn 2p (a). O 1s
(c) AMIN1s (e) BLF SP (0.25 gL 5 y-MnO2 (1.0 gL 1) JRA&1K F& N 60 h J5 EAH =401 Mn 2p (b).
O1s (d). N1s (e) XPS i
Fig. 5 XPS Mn 2p (a), O 1s (c), N 1s (e) spectra of solid products in the system of y-MnO, (1.0 g-L ™), and XPS Mn 2p (b), O 1s
(d), N 1s (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

R2EpH 7.0 MEFHFEEZHET, y-MnO2 (1.0 gL 1) B— %?u&sp (025 gL1) 5v-MnO, (1.0 gL 1)
SBAAERR 60 h FEMEFYIE Mn 2p, O 1s F1 N 1s XPS #l& BB FEMLERZS Mn, O F1 N ¥FHEE

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

A AR Hikl Ziahe s TERAML
Reaction system Spectral peak Binding energy/eV Chemical state Content/(at.%)
1.0 gL y-MnO; Mn 2p 641.10 Mn(I1) 11.47

Mn 2p 642.00 Mn(lI1) 46.78
Mn 2p 643.20 Mn(1V) 41.75
O1s 529.54 Olatt 47.44
O1s 530.27 Oads 52.56
N 1s - - 0
1.0 gL y-MnO, Mn 2p 641.10 Mn(Il) 14.19
+025 gL SP Mn 2p 642.00 Mn(I1) 46.71
Mn 2p 643.20 Mn(IV) 39.1
O1s 529.46 Opart 394
O1s 531.49 Ouds 60.6
N 1s 399.6 Nron pr 97.34
N 1s 401.3 Nor 2.66

AP T R B S IR MR y-MnO2 S BURHIE (1 6) . SRR YR A LL,
SR 60 h J5 B 1A R ARG R R YR IR RS AR EE G I, BORDIRE SR, L B0k [
RUG, wREERD, KEHCRRRREE RN . MW, £ YR, KEEEARS
Y-MNnO, FEH AR R 2L T F 1T S o
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[ 6 14 7-MnOs () LLJ% pH 7.0 1% U Z 1 F 1-MnO, (1.0 gL1) #—fA% (D), SP (0.25 gL L)
5 y-MnO2 (1.0 gL™D RAEMKFR (¢ KM 60h JEREAH~MHIHRHBEER (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; (1.0 g'L™%) (b), and SP (0.25 g-'L'Y) + y-MnO; (1.0 g'L ™) (c) at pH 7.0 after 60 h in air atmosphere
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Fig. 7 Ultraviolet-Visible (UV-Vis) absorption spectra of the y-MnO2z+Na-PP (a), y-MnO; (b), and Na-PP (c) solutions at pH 7.0
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Fig. 9 Electron paramagnetic resonance (EPR) spectra of superoxide radical (O,™) (a), and hydroxyl radical ("OH) (b) in the
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