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Abstract: Phosphate monoesters (PMEs) are important components of dissolved organic phosphorus (DOP). They
are abundant in the environment and show clear photoactivity. However, how PMEs undergo photochemical
dephosphorylation in aquatic systems is not well understood. This study systematically examined the photochemical
behavior of glucose-6-phosphate (G6P), a typical phosphate monoester, using laboratory experiments and density
functional theory (DFT) calculations. The results show that G6P mainly absorbs light at 200-290 nm. Shorter
wavelength irradiation leads to higher G6P photolysis efficiency. Analysis of energy and electron transfer processes
shows that interactions between G6P and DO, DOM, or major anions (e.g., NO3-, HCO3-) are not the main pathways
for G6P photolysis. Instead, G6P photodegradation is driven mainly by reactive intermediates (RIs) attacking its
electron-rich sites, especially the extended region of glycosyl-phosphate linkages. This attack destabilizes the
molecule and eventually releases inorganic phosphate (IP). Additional photolysis experiments support this
mechanism and show that 3DOM* dominates G6P degradation in DOM-containing waters. Environmental
comparisons reveal clear differences in PME photolysis between freshwater and seawater. The photolysis rate
constants of G6P are (2.00-5.60) x10-3 h-1 in freshwater and (1.60-3.30) x10-3 h-1 in seawater. Freshwater systems
support oxidation-dominated photolysis pathways with greater thermodynamic driving forces. In contrast, seawater
systems have high salinity and abundant halides, which lead to stronger halogen substitution and addition reactions.
This study shows that PME photolysis is controlled by both molecular structure and the surrounding water
environment. Together, these factors determine the pathways and efficiency of PME photochemical transformation
in water. The findings provide new mechanistic insight into abiotic mineralization and the environmental behavior
of DOP in aquatic ecosystems.

Keywords: Dissolved organic phosphorus; Phosphoric monoesters; Photochemical transformation; Photodegradation kinetics; Density
functional theory
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Fig.1 2D structure of G6P, optimized conformations of its deprotonated species (G6P-, G6P%, and G6P*-), and corresponding pKa
distribution
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Fig 2. 3D simulated structures of DOM from different sources: FA, HA, and 4-BA
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Fig. 3. UV absorption spectrum and electronic structure characteristics of G6P
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Tab. 2. Vertical excitation (Es), Er)), ionization (VIE), and electron affinity (VEA) energies of G6P (eV)

Deprotonated form Eg; Er Esi-Emi VIEgo VIEg; VIET; VEAgo VEAg; VEAT,
G6P- 4.56 3.96 0.59 7.16 2.60 3.20 -1.39 -5.95 -5.36
G6PZ 3.72 3.72 0.00 5.34 1.62 1.62 -1.36 -5.09 -5.09
G6P* 2.78 1.78 0.99 4.09 131 2.30 -0.40 -3.17 -2.18
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Tabl.3. Calculated results of photoinduced energy and electron transfer reactions between G6P and DO
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Tab.4 Theoretical results for photoinduced energy and electron transfer reactions between PME and DOM



~[F DOM (] Ery. VIE Il VEA (eV)

DOM FA HA 4BA
Ery 3.07 3.20 597
VIEso 6.17 6.84 6.8
VEAs -1.66 -3.28 -3.21
VIEn 3.10 3.64 387
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Tab.5. Calculated results for photoinduced energy and electron transfer processes in PME—ion interaction systems.
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Figure S1 Experimental setup of the XPA-7 chemical photoreactor
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Figure S2 Emission spectrum of the 500 W mercury lamp and transmittance of the 290 nm and 365 nm filters
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Tab.S1. Photoinduced energy and electron transfer reactions of PME with 202, DOM, and anions, and the

corresponding evaluation criteria

No. R ball. i
1.1 PME*s1+302(3% ) —>PME*11+102('Z,") Esi-Eri>Es"
1.2 PME *s1+302(3Z¢")—>PME"11+102('Ag) Esi-ETi>Ea?’
1.3 PME "11+302(3Z¢ )—PMEso+'02('Z") Eri>Ex
1.4 PME "11+302(3Z¢ )—PMEso+'O2('Ag) E t1>Ea
1.5 PME’si 8; PME"11+302—PME-*+0y-~ AGI1=AEA(O2)+VIEs| 5% VIET1<0

X AG2=VEAso+VIEs: 8 VIET1<0
1.6 PME “s1 8, PME11+PMEso—PME-*+PME-~ .

AG3=VEAs| 8{ VEATI+VIEs0<0*’

1.7 2 PME’s1 8 2 PMET1—PME-*+PME-~ AG4=VEAs1+VIEs) Bl VEATI1+VIET1<0
1.8 PME"-+302—PMEso+O2-~ AGs=AEA(302)+VIEso(PME-)<0¥
1.9 DOM*11+PMEso—PME“11+DOMso Er1(DOM)> E11(PME)*’
1.10  DOM’ri+PMEso—DOM-+PME-* AGs= VEATI(DOM)+ VIEso<0
1.1l DOM'1+PMEso—DOM-“+PME- AG7= VEATI(DOM)+ VEAs0<0
.12 PME's;+D 9—PME-+ D- AGs=VEAsi+VIE(D)<0
1.13  PME*1+D —PME-+ D- AGo=VEAT+VIE(D")<0
1.14  PME-"+D —PME+ D- AG1=VIE(D")+ VEAso(PME) <07

1) SofRRED; SIREFE —HRBEES; TMIREE ALK =8%; Es M Ern 438 PME
1) S &R TS EE BLERIERE; BEx N 30, CZg) BRIE A 10, (Zgh) MUK fE; 2) Ea 30, CZg)

BRI 2'0. (Ag) FIUK RE:

3) AGy: PME o fENHLT-3248; AGs: PME so fE N T4, 4)

VIE o (PBSA™)=-VEA 5 (PME). 5) Ery ARES BPK —HEMEHIKTLEE; 6) DA ClI' Br,

S04, NOs I HCOs; 7) VEA so(PME-")=-VIE so(PME).

ML R IR 1 AG sl R TH

AG=VIE+VEA

Hr, VIE RRF B PR EE BB RS (Vertical Ionization Energy, VIE) , VIE i/, $2{tH 7
AEJ1i5R; VEA REH T2 T E T3 A% (Vertical Electron Affinity, VEA) , VEA #/N, #%
B T-AE 98 . VIE A1 VEA 7] L@ PR

VIEso=E(FE 7t fk—e)-E(F T 14)
VEAso=E(HL T3 fh+e)-E(F T 5 &)

Hrer, B (CEFAHA) f1E (BFPfifk-e) HAlRRBETFHEEELRE 1 e FNEE, E (AT%
&) 1 E (HFZh+e) BRRFBTFZAELEEE A ¢ GHIREE, RER TR BT 24K T
45t 5'-AMP*f] VIE #1 VEA 7 5l@E i P AR it &,

VIEsi1=VIEso—Esi, VIET1=VIEso—ETI
VEAs1=VEAso—Esi, VEAT1=VEAso—ET1

Horb, SofURREES: SRS WK ES: TAURSE WA =EZ; Esi M1 En 25105 5'-AMP ]

S1 &M Ti &R FLRIERE ; 202 2 HL T I BE

PP . H, E (O )BT EAE O A ARSI -

B I A8 #5755 AT 34 (Adiabatic Electron Affinity, AEA)



AEA =E(O27) — E(O2)

* 82 AFEERA T pH E

Tab.S2 pH values of different solution media

No. Solution pH
1 NO5 6.86
2 HCOy 8.36
3 NO;+HCO;5 8.22
4 NO;+HCO;+DOM 6.08
5 Freshwater 7.96
6 Cr 7.09
7 SO4* 7.24
8 Br 7.03
9 CI+Br 7.18
10 CI+S04* 6.94
11 Seawater 8.37
R S3 WKABKRESR TG B
Tab. S3 Composition information of seawater and freshwater samples
FE ®E DO NOs HCOs cr Br DOC
& pH 1 1 1 1 -1 -1
*7 (%0) (mg L) (mg L) (mg L) (gL (L9 (mg L)
T K 8.02 31.44 7.81 0.14 187.4 15.8 0.05 3.18
e K 8.21 0.27 6.76 0.87 216.31 0.16 / 12.13




