J
Eh 50 TN A 5542 B AN 2023 4 4 ]

Eco-Environmental ENVIRONMENTAL CHEMISTRY Vol. 42, No. 4 April 2023
Knowledge Web

DOI:10.7524/j.issn.0254-6108.2022101902

W WOy 22, e, SF A EL AR S B T LR B 4 T RAE SN [l RARIC R AT A A RARA WL [I]. FRBR k2%, 2023, 42(4):
1118-1127.

CAO Dong, GENG Fanglan, RAO Ziyu, et al. Molecular characterization of '*N-labelled hydroxylamine-derivatized natural organic matter by
FTICR-MS[J]. Environmental Chemistry, 2023, 42 (4): 1118-1127.

BEMNTHREFRRLRFUES FRIAECN RAGIE
RICRRITENXRAFTIR

A BFL T By

ChEREBAE SR G, R 5ASTHYEARE GRS, JLat, 100085)

 E REAEYRMEREIEA DB EZ P E Y. RKARA VLT (NOM ) 1E Jy BREE 53 77 75 1)
RARAHIREY), R PR 55 b A7 T 52 5 ). A 9 R R B A 8 5 1 [l e 46 4R 5% ( FTICR-
MS) 75> F J2 1 R AF 5 e 5 NOM W AH BLAE H ™= 4, SR F PN IRl 22 b e 42 e V8 by i Rz 49 DA HE B
NOM A B fE7E AL & W B i T30, eSO N R4z Z AR i e A 4= 1k NOM W BT (55 Wt
AT RV B[R] % NOM 5 #2362 il . 25 5 38 8, NOM 538 i 5N Al EAnic B = IR 4%
I 10 h, AT RIS 2 E 2137 AN R EZ A ic B IEAT AR L NOM =44y 7, Hids, 141" NFH
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Abstract Hydroxylamine is a crucial intermediate in the natural nitrogen cycle. Natural organic
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matter (NOM), as a very complicated heterogeneous mixture widely existing in the environment,
may affect the transformation processes of hydroxylamine. Here, Fourier transform ion cyclotron
resonance mass spectrometry (FTICR-MS) is used for molecular characterization of hydroxylamine
derivatized-NOM. "“N-labelled hydroxylamine is applied to specifically discriminate '"N-labelled
hydroxylamine derivatized-NOM from other interferences original existing in NOM. The effect of
reaction time on the reactivity of NOM to hydroxylamine is investigated. A total of 2137 molecular
formulas of the derivatives are obtained including CHO'"N, (1346, 63%), CHO""N, (194, 9%),
CHOS, "N, (376, 18%) and CHON, "N, (221, 10%). The “N-labelled hydroxylamine derivatized-
NOM are mainly assigned to vascular plant-derived polyphenols and highly unsaturated and phenolic
compounds. More than 86% of the derivatives appear to be formed by oximation reaction. The
generation of CHO"N, derivatives is highly time dependent. More oxidized and saturated NOM
CHO compounds need long time to form the hydroxylamine derivatives, indicating they appear to be
less liable to react with hydroxylamine, while less oxidized and more unsaturated NOM CHO
compounds could form the hydroxylamine derivatives in short time, and some of them even could
generate multi-oximed products or other unstable products within longer time, which suggests they
may have high reactivities to hydroxylamine. This is the first report on the comprehensively
molecular characterization of the hydroxylamine derivatized-NOM by FTICR-MS and can provide
new insight into the research on migration and transformation mechanism of hydroxylamine in the
nitrogen cycle.

Keywords ""N-labelled hydroxylamine, FTICR-MS, natural organic matter, hydroxylamine-

derivatized organic matter.
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1 #M¥5 77 (Materials and Methods)

11 35 SRR o A

SN FRiCER R (H,"NOHHCI, >98%) '# F Sigma-Aldrich 22 ] (Steinheim, Germany ), NOM Fx
T T2 S A R 2 4, BB Al K 45 T Milli-Q system (Millipore, Milford, MA, USA), HI i ({4i%
4l) & T Fisher Scientific 2\ 7] (Fair Lawn, N.J., USA), HAth i3 25 7 [ 7= 43 B 438 57).

FREL 2.0 mg NOM F5 i it ¥ ff 100 mL 8 46 7K i 45 A% 20.0 mg- L' NOM fifg % ¥ . L 10 mL
NOM it #5 W 4 1y, 43 B 50 4% 5 5 48 5 19 N A e 46 B 52 e, 78 = IR 2% 10 o0 iR 39 )L 0 2., 4. 8.
10 h, 2R )5, R4 B o E A 2B & (B RHA R, E 1) A4 542 Bond Elut PPL [# AH A B ((0.5 g/
6 mL, Varian, Palo Alto, CA, U.S.A.) X I R4 i 47 B A A2 B LA 25 Bk BH B9 5N Fnic R R FE 0T i SRk
AR Y, BRERVE D IR AN . (1) T MR R B AR A pH 2 2.05 (2) 7 [ AH 26 ke B 42 3
PPL Fi, JE /5 12 mL H B (a3 4) A1 12 mL 0.1% B9 B R /K I Ok DB 16 AL A 75 (3) PPL 248 fin A
10 mL F¢ 5, B DL T mL-min™" B 30 8 b [ AH 2 BUR: DL & 3 HARb &9 (s fF A 12 mL
0.1% H R A IE IR VEAE T, DABR S AN BE 143 (5) BIK T WAL F, SR 12 mL WP EE PR G, WAC4E TR
T (6) BV T 28 F s 52 4% %, FTICR-MS I 1 A 1 mL HY B .

12 &%

FTICR-MS(Solarix 15T, Infinity cell, Bruker Daltonik, GmbH, Bremen, Germany ) firl £ F, 1% 55 /& Jii %l
O i W XS 1 (ESUMALDI) . A58 492K 1 EST IR BEFTRE i8S 11k, vERE )7 =R 1 B 4 i 4k ot
B, BEREIR N 120 uL-h™'s B T IR H TR E N 4.0 KV, BE 8 SRH8S T SE R A s e A7 0 i, 5
+ SR EE R 0.06 s, VU E 5 05 B SOR S B AR AL, AR 5L OR AR 300 4 & m (R4l
SN 3 ) ; B A Bl (m/z) 100—1600. {38 7 A% b /i, 2R H 10 mmol- L™ R (50% S A B
IR AL TR EAT AR, A il 5 I AR A 500 R A B il 9 NOM Hh i UL EL T CHO 432081 Ak
R IR AR W SO R AT 1 — 25 (R AR A T, RS HE TS 1) B i R 25 Y9/ B 5 43 2 0.5, B 44 R H Data
Analysis 2434743 M1 (Bruker Daltonics, version 5.3).

1.3 ULy ik

& H] Data Analysis (Bruker Daltonics, version 5.3) Z4X] U 15 Fic i E4 7 B 0 A oA A ] BB 23+~ DL
B, o F VL E AR U T A S I (5 MR L (SIN) K T8 T 4, R MR 22 EH N TFETE T2
0.5, {{% & C. H. O. N, STuHE, mEZMHIEHEE W T: *C (0—w), 'H (0—on), O (0—ow), “N
(0—3 ), "N (0—2 ), and S (0—1); #E—2 R UF HLIR2 X315 20 44 7T G o F R A7 ik — 25 ik &
Bk FU A (H/C) i FRl - 0.3<H/C<2.2, %Ak FL{E T FEl (O/C) . O/C<1.2, AN FIJE (DBE) {75 M5 /N T 40,
43 F L B L A AR, R H. €. N IR AE0H L : H<=2CH2+N, R — MR (m/2) TR £
AT REST T 2URT, SR A0 2 2 A/ NI ) i 36 H T A 20 73X (BB N S Je R AN B it/ N 43
FARIEWR), TR 3 R e 25 4 rh 2L [F) 4 21 43 F 345 B 91 e 4 i Excel FREHE 1T E &
I3

R H LA SCHk 8, 113 AR A4 7 3K 00 AS T8 R 0 4 e R A $UE (DBE-O) 2, & 1F 55 & 15 #X
(ALpoq) ™5 MRAE ALeq A1 H/C (BB FPH P45 237 307 R0 43y 4 2509 55— 5 (Group 1) J& TR B TR
IR Z IR RBAEY) (AL 00> 0.66), 55 25 (Group 2) & T YW IR Z B 2K 1L& 4 (0.66 >Al 04
>0.5), % =2 (Group 3)J& TR A AER 2516 & ¥ (AL 0q < 0.50 and H/C <1.5), 5 P42 (Group 4) J& T
e L&Y (2.0>H/C>1.5).

2 45 545718 (Results and Discussion)

2.1 FTICR-MS Kl "N [6) 47 Zbric B4 4 4L NOM 7=y
B e s e R AL S Y] H RS NOM w8 3k 3k 43 1 I W T i 22 b #2711 A2 4k NOML F= 40,
SR, T NOM H A& B & A W& ZAL & Y[R oy SR A e, S EOR AT A L NOM 7= 1) 1R M #%
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FTICR-MS $& 5PV I . AR5 R N G B AR iC B AR R B9, 245 NOM &2 2 B e T i
SN ] v 6 AR i 5 e AT A2 Ak NOM 7= 49y, 1 NOM 7 Bf % & 43 F 19 N [l v 25 1 38 5 #8 55 78 FTICR-
MS FIE 5155 LR, AN 20N R 28 bR 0 58 B 477 A2 46 NOM 7™ Wy 1) i 3545 5 15 B T4, AT B 7
FTICR-MS £ il B 43¢ S P R 1 e 28 7 4. SEge 4 SR an &l 1 Fos. LB AR FR m/z 389 Fl m/z 460 4 f3il,
AILLE F], 24 NOM 5 5N [F v Z AR ic BRI AE = I8 45 F RV 10 h 5, 55 5 NOM A & i) 5 335 A L
(E 1A, C), B &A N RN R ARC M AT 4L NOM F= i 3L (1] 1 B, D), H ik 26 i % i K <2
NOM h Hifl B 7 T4, 72440 1 R 2% £ E 4055 CHON,, CHO"N,, CHOS,"*N, l CHON, "N, %
425 DL B SR g AL, 2 NOM 55N [ RFR LRIV 10 h J5, 280 7= 42 "N R R bRic B2k
A AL NOM 7=4), Hik $E7=) 06 n] DL FTICR-MS 455 PEAG IR

X108 . X107
=3 =
s & 25
2 10 2 20
5 A g 15
£ 05 = 0
0.5 l d L
0 oM A o U J...m.l..;“ WA Tk LN Y
389.00 389.04 389.08 389.12 460.0 460.04 460.08 460.12
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x107| B ‘ X107
2 60 g
£ £ 15
Z 40 -?
) £ 10
0 bl AN it VA S M g A sl o P VI Ll
389.00 i \ 38912 460.00 460.04
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£ Z Z 72 Z & Z Z
gi & g4 g Z oz
3G 5 2 S
SE G S o) = -]
o e 3] 3

1 NOM F & FTICR-MS JFii% &l
(A)FRFR m/z 389, (C) F7FR m/z 460; NOM 15N ARICHENE RV 10 h 5 (R FTICR-MS i [ (B)bRFk m/z 389, (D) #3Fx m/z 460.
PN ARICEEREATAE NOM =4 7 e fe i B T 07
Fig.1 Mass spectra of NOM at nominal m/z 389 (A) and m/z 460 (C); Mass spectra of NOM reacting with -labelled
hydroxylamine in 10 h, at nominal m/z 389 (B), at nominal m/z 460(D). Molecular formulas of the detected *N- labelled-

hydroxylamine derivatized-NOM components were listed under the spectra

2.2 BN [A BARICER AT A 1E NOM F= ¥ 73 41 i o B

R T 2 AT R AT A A NOM F= W 189 4T 2H B, XA B i B AR A 1.3 15 38 ok 64T
UL B RN 5, 45 21 BT A7 Rl 2] i SN R Z AR L FRREAT A=t NOM 7= i 33X E5 5. e pr &6 2R n
B2 i, %0 2] 2137 A4 PN A AL 3R A5 i 72 B 7 28 46 NOM ™= ) 4y + X (18 2B) , Horbr, A 4%
CHO"N, 70 73X 1346 4~ (2 (5 %8 52 BB 63%) , CHOPN, 43 F 30 194 4~ (2 5 % 52 BB 9%) ,
CHON, “N, 43F30 221 4~ (2 7 %58 B AH) 10%), CHOS, ®N, 40138 376 4~ (24 7 %5 EAR ) 18%) . 1M
XF TSN AT A NOM i, 36 %8 52 1) CHO 43 13X 2902 /4~ (2 5 % 22 ALY 51%), CHON, 43 T 3K
929 > (4 5 %5 BB 17%), CHOS, 73 738 1831 > (4 5 %5 BBy 32%) . il 1 He e #r, vl LLE
F, 25 40% LA F %) NOM H i) CHO 43 4143 1l A5 N Rl R A i B2l & A= BB i CHOVN, F2 i
e NOM 724y, TAUA KT 7% B9 NOM H ) CHO 437243 il LB i CHOVN, ¥ %47 2= NOM 745
X} F NOM Hif) CHON, 1 CHOS, 43T 415, 1A 2 23.7% i) CHON, F1Z 20.7% ) CHOS, 43 F 4153
A5 F2 Mg S W T A B ) CHON PN, T CHOS, "Ny P24, 41 ik, BT AR, i 26 55 52 1 [ 37 i NOM 43
TR e =D& AH — Ak FLIEA . Baluha S 9AF 5T R, 7507 Je i & BLIR 29 39% Y CHO 4 T4
Oy S — B A T R B R R 5L P 2 I BE 9 45 R R S BIF ST A I B A T S B IE A L T B Al
CHON, M7 A Wy 50 B A0 19 Dt R RT 2 T2 TR 62 B . 0B FH B33 H A 2000 55 52 30 NOM . 1Y
CHO 73 FARME S P FR B 53 —F 3 22 e A R
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B2 NOM 5"N Fric Bl S i (A) & (B) %5 £ 1950+ X8 H AL HLPE; NOM FE i (C) Fl NOM 5 N ARid ¥ 1
SR 10 h J5 (D) %85 433X #Y Van Krevelen [#]
Fig.2 Number and percentage of molecular formulas identified in NOM (A) and NOM reacting with *N-labelled
hydroxylamine in 10 h (B); Van Krevelen diagrams of the identified formulas in NOM (C) and NOM reacting with *N-
labelled hydroxylamine in 10 h (D)

#id Van Krevelen (VK) EI53ATr, AT LLE— 0 DAL G 9 0 BRAL S8 M R o3 7R S, il i AL g A
H/C {8 1475 Bl AT LI AL S )43 4 25029 (4018 2C. D firzs ). m] LA 3, BN R ZARi0 B M A 1k
NOM 7= 4 K35 73 J& T 4 5 A IR £ 1525 (Group 2) Al AN AT 246 A4 (Group 3) (K] 2D); 5 i
f NOM #£ i 1) VK Bl (8] 2C) HeA & 3, NOM A 5378 VK Bl 1 1Y 55 53 A7 i Fl UL 58 478 o R A A
Ak NOM 7= ¥ 40 43 ) 45 20 A, 3 B 2 e 37 28 4k NOM 7= #1403 1) H/C F1 O/C 185 J5 NOM 4H 73 #H kb 1%
A R KARA, XX — 25 F 00 AT R A B2 PR AT A2 4k NOM 77 4R AT g J2&: i Fi 5 NOM 41 43 e
B AR IE A 5 A S B IE J0, DR R A B Ak O B, R AT AR AL NOM =443 F 20 5 i NOM 43T H
e H TR ANEAUEIN T 1, O JuRANEOTCAELL, RGN T 1 AUN TR, A T35 IE B s, 3+
Ji5 A S N, KRR AT A2 Ak NOM 7= 437 =34 J5 i AH I Y NOM. i 49 4 F- 3K, A SRl il Jit b 4 4%
FAE 5 NOM A it gl 455 3, WPl g SR B3 %8, [RIEIA Ay 0 7™ ) 10 32 02 388 4 5 1 2 g 7™ A 1
T B S B R (45 AN 3A ), RFT CHOPN, B4 A 4k NOM 724y, ] LAk 3] 1160 > EE-T
3R (25 SR 86.1%) , XF T CHOVN, SR AT A= 1k NOM 74y, T30 3| 172 A BE-F40 X% (29
MY 86.4%), X7 F CHON, N, 32 5 £ 1k NOM F= 9y, 2% 3] 198 M RE-1 40 T xF (25 By
89.6%), Xf T- CHOS, "N, F2REAiT A= 4k NOM =4y, IS5 5] 357 PRk 701X (29 47 B801 94.9%) . It
gEIR KM, 86% LA (IR AT A2 Ak NOM 7= AR AT RE 2 18 1 5 1k 5 0 JE ..

T ) bR e B FR AT AE AL NOM =1 1 B 311 VK B 230 Bt & 3L (1] 3B, C. D), H/C fH3
FBI7E 0.4—1.4 [F]} O/C {E {5 I 7E 0.3—0.9 i) NOM CHO 43 ¥, H/C {85 [ 7E 0.6—1.1 [F] i} O/C {H3E
Fil 7£ 0.5—0.75 1) NOM CHON, 43+, LA & H/C {H i [l 7£ 0.7—1.5 [7] i} O/C 1B 75 Fil 78 0.42—0.9 1Y
NOM CHOS,; 7+ F 5 45 5 5 "N [ R bR ic 72 e ) BB B 7=, HLIX 28 0 1 K8 43 & T 4 S i
U5 22 Wy F0vE AN A6 F0 By 246 & W5 T H/C {8 6 72 0.6—1.2 [A] I} O/C i 5 [l 7 0.3—0.7 ) NOM
CHO 73 7] L4 5 F2 T2 0L 77 4. LAl g Az 1) i) NOM 43+, 4 H/IC {E K F 1.4 8% O/CH KT
0.9 i1 NOM CHO 43 ¥, H/C {5 KT 1.1 8# O/C{H KT 0.75 ) NOM CHON, 4>¥-, LA &k H/C fH K T
1.5 33 O/C {H KT 0.9 ) NOM CHOS, 73 F, TEMLSEI0 4540 T A 5 ¥ e ke A I g s Ak = ). ot 55
B 25 R 3R W, Ik H/C {E RN O/C {H NOM 4153 AT fig HA7 55 e 1 72 e I g 1 P . ik H/C (BRI O/C fH =R
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B3 (A)ET IR Bk 100 7 XA S0 23 LL IR (B)NOM H CHO 31~ P58 SO0 10 h JE i CHOPN
FI CHO™N, /= #J1y CHO 4}F ) VK [, (C)NOM 1 CHON;, 43F LA Ko 5 ¥ [ 10 h JE i CHON, *N, =4 i)

CHON, 43 FH#J VK &, (D)NOM ' CHOS, 4T A K 58I 10 h FE AL CHOS, "N, F=# i) CHOS, 4> F /Y VK &

Fig.3 (A) Number and percentage of the precursor-product molecule pairs based on oximation reaction; (B) Van Krevelen
diagrams of CHO formulas in NOM, precursors of CHO'"’N; and CHO"N, formulas obtained in NOM reacting with "N-
labelled hydroxylamine in 10 h; (C) Van Krevelen diagrams of CHON, formulas in NOM and precursors of CHON, N,

formulas obtained in NOM reacting with °N- labelled hydroxylamine in 10 h; (D) Van Krevelen diagrams of CHOS, formulas
in NOM and precursors of CHOS; "N, formulas obtained in NOM reacting with '*N- labelled hydroxylamine in 10 h

2.3 PR ON A7 FARIC R AT AR L NOM 7= 4 g 52 i

R T #E— 25 NOM 41 53 % F4 i (1) B2 N 376 1, S50 25 %8 1 S g B[R] % SN [) 67 R A it F2 B A1 AR
1k NOM 7= ()5, o & 2R 5 NOM ZE R IR 458 T 40 56 0. 2. 4. 8. 10 h &, 43 il [E AH AL B
FESEAT MR 45 A B 21T FTICR-MS K3l AHF 5% £ 2561 CHOPN, 2T 42 NOM F=9), Ttk
FEMIY O F A TS R 4 SR 0 B R N 4 R, AT LAE R, A — B8N A R bRiC R AT A
b NOM ™= 4y 1) g 5% J85 5 Bt Js2 o7 s (1) P 6 J0 T 326 34 34 R (1T 4.A) , X6 o7 H: NOM. Jsz 17 47 7y 06 e J38 it ) [1]
FERT AR (B 4D), 33X — G5 SRS B i s, BV B 5 g Isf ) 1) B, s I 0 1) £ 2 Bt o 7 ) ) 185
T R ARR s 7 — S 7= 0y 0 e 38 o sz 7 FF ] B 5 A 4 26 B i ARk (T 4B, 17 X R NOM 2 1 ) 114 g i i
HI B S0 B[] S AT B AR (5] 4B, X — S5 5 8h S, IE R IEOL T, BN Py i B I i A 23 R A2 A i
A A, 3 RIS E 45 R A IR PR AT BB 2 NOML 2 W W% T A= i CHOUN, 2R 7=, 88 AT R & 4 T H:
Ak 27 B g, BT R i afE— 25 B ST B0 e A — S 7™ Y 0 5 J35 i 52 17 ik [ 15 i i B A (11 4C), X F
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