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Fluorescent Detection of Sulfite Ions(SO? ) Based on
Cerium-functionalized Metal-organic
Framework UiO-66-(COOH ),

GONG Wenpeng', ZHOU Linnan"
(College of Chemistry and Chemical Engineering
Huanggang Normal University , Huanggang 438000, China)

Abstract A fluorescence strategy was constructed based on the metallic organic framework Ce-UI0-66-(COOH), to
detect SO3". Firstly, under solvothermal conditions, the Ce-UIO-66-(COOH ), was synthesized using homophthallic
acid and Ce** as the organic ligand and central ion. The structure was characterized by X-ray diffraction (XRD) ,
infrared spectroscopy (IR) , X-ray photoelectron spectroscopy (XPS) , scanning electron microscope (SEM) and
energy dispersive spectroscopy (EDS). Employing a reaction system using Ce-UIO-66-(COOH),, SO3 and benzoic
acid, under the catalysis of Ce-Ui0-66-(COOH),, the SO3” was conversed to sulfate radical SO;", and then induced
benzoic acid to transform into fluorescent molecule 2-hydroxybenzoic acid (salicylic acid) , which realizes the
detection of SO . The detection mechanism was confirmed by fluorescence spectrum and ESR. The influences of
time, temperature, dosages of MOF and benzoic acid were explored. Under the optimal conditions, a linear detection

range was obtained as 40—120 pmol/L, and the detection limit was 8.3 pmol/L.. The method possesses the
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favourable anti-interference property for common inorganic anions. Meanwhile, it was applied to the determination of

SO3 in rainwater and tap water samples, the results are satisfactory.

Keywords UIO-66-(COOH),; Radical-mediated reaction; Sulfur dioxide(SO0,); Sulfite
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SO, S AT A=y il 5 32 AT IR L AR gk | Lk | B AR R R TR
SO (SERS) . T, Nagendrappa 287z 3E T —Fh A FHE 2 240 25 0 H SO, M BE 19 1%,
L B o A — TR B o SR A S LR B T R RN SO, SO, 7 46 5 i AL SR v AR BRI , 3
LR EL 2l AL AR PR , TEGRIR P A LT AR A B AW (A, =470 nm) , M SEELXT SO, [RAG .
Galensa 55 ) FHAE 9 WV PR 5 A0 A0 -5 0 At R 58 S 7, A S5 2 119 1,0, AR 3 e /8 A50UAH €233 %)
HLO, P4 722 SRS, DA T [ 422 S B S A7 R 5k ARSI . 322 7 T AG 0 SO, B AG: HE B R 0. 01 mg/LL, {HJZ 1%
7 AFAE R AN JE R 06 M2 IR R R, RN BAE A AT A B BRSO B2 2% . Zhou S8 B T —Fh R
B W BEAAL A TS A 7K Hh ) — A A S AT AR, HE 2o o7 A 4k F B 21 [ A 5% |
SR IG AR S AT AR S M T R A S A RN, RO B LN K BRI A ek S e AR ik
S e, WA SEEE A AR A AT A M B . 3% R SO, AR BR 47 25 nmol/L, {HJ2 H,PO, HLAF7E
[FIRERIAE S, BT A2 vk 0 T SEBRA I B 5 32 2 H,PO (55 1 T-H0 . Jin 550 R F b A S8 0 i %
Y7 A B LR 5 SO, 77 AL AR R A Ak, DA™ AR FL AL AR S, 2R SO, By A, (B2 L AH
PR30 25 il SR Ak A BRI R SO A AR AR R T 2 5 DRI, iy AL FH 32 BRI . Chen 4612 78 A
A (TFME ) 5 R i h 2 5 (SERS)IBA, FEar 77— Rl SO, 1Y A2, (F A ik DU i A
S MRHE SR . REUETER S, SO,MK IR R 0. 1 meg/L.  FiRr sl 2 b EE A e, BRI 7 Hse
FHPE.
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Z A NPHE S SORA Y S 8T SR SR ARk, — S BUR R 5 A BI R
Hy e . AR A LA 2R R (MOF ) J2& — i 5 A i) B 1 Do 2 25 40 1 i AR Z AL M RE, 78 SRR
A3 5 RO Jy T HL A g L AT HET, R T SO, 28 SR ) 42 JE A HLE 2R A kA NH,-MOF-5,
DNA-Th-MOF I Ce*/Th*-MOF"* 2" | # 32 F1 F 4 J@ A HLE 28 A B 1 & SEHERE SR MOF 524 M R
B R R LA SEBE SO, RGN . SCRk[ 22 JHRIE T Co> BB SO A BUBR IR H FH2E(S0,) , FRERHR
H H 35 R R s AR o 2- 2 R H R K AR ) AT ™2 AR 286, SEBL T [l 44l SO 85+ (A2
Co HIMEALRE A PR, HLAESNAR R PR 38, bR Co" R AT HIAE I NAR ZR 52 T SOY %%
5%, MmN RCR . (H 48 A LB 2R AT BHRE A A5k 4 Jm B8 70 ik, RIRTRE RS IR &+
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A SCHE PRSI H R A HLECR, Ce s+, & T &8 A HLE 224 B Ce-Ui0-66-(COOH ),
Ce-Ui0-66-(COOH), Al fk SO3 A= AR ER AR F 1 28 (SO, ), BRERHE [ Fh 35 28 B R s oy A Bl 2-F8 R
HR KA R ) T = A= 98, SEI SEBNT SOT 2R (Scheme 1). i #EH Ce-Ui0-66-(COOH ),
PR s B T AT T B S AR R, AR RSR R FERR E . LT Ce-Ui0-66-(COOH ) , & 37 F i
SO RDOEE T FT I A s, HAA BT . REBUEE S0
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Scheme 1 Flow chart of detecting SO>” with Ce-UiO-66-(COOH),

1 SCIGER

1.1 RFI 5

fitiR4i 4% [ Ce(NH,),(NO, ), ] . 2P0 F R (H,btec) . Jo/K F I T WEla T i sa kAR AL R A
BT JOKOEE VKOTR . TWARIREN . SALEN . SUALEN . BRIREN . BRI S 4 | BRIR BN AR R AN T2
ekt A B A (o R ). BT R4 R A pr

F-4600 56 BT (H A H SR AR, FL3E & S8 4% v BE L KR HLUE 43 58 5 nm,
5 nm 1700 V; Ultima IV % X ST RAGEHMU(XRD, H AT E]), £ S0 0 ge s, A0 Ko, 558 5T,
EHLE 40 KV, B H 40 mA, FHVE R 20=5°~50° ; Spectrum Two U BN AR 2T /MG TS (FTIR, £
44 BRI R L SR KB FEH 3 5 K-Alpha+ T8 X §T285% H FRERE (L (XPS, A8 28I KR BHE 2
)5 ZEISS Ultra 55 #1375 & S i 7 S 00085 (SEM, 1 [E 22 7] 4E [41) 5 Bruker A300 71 H, -5 i A 4% I
W (ESR, 5% Bruker A H] ).

1.2 £EBEHEZLE Ce-Ui0-66-(COOH), Byl &

A3 EL 2. 8507 g(5. 2 mmol) 4 Ce(NH,),(NO,) Fl 1. 27 g(5 mmol) i) H,btec Il A F] 100 mL A IU4E 2.
JENET, A 30 mL/KFI20 mLIK LR, & T+ 30 min, REH A LmNER A RN ZEY, T
100 “CPEIER S 24 h. WSS G, R, Prs EA T IOK OB REOR, R E=E T T
K EEIR 3 d bR 2% B8 A HILECAAR Y A pA T 60 “CEX T 6 h, 7£ 80 'C'F H25 14§ 24 h, 1533
IR 4B A PLE S Ce-Ui0-66-(COOH ),

1.3 5OLEN SOX T 14 #h 2k B 1 R A Sl

¥ 75. 0 mg Ce-Ui0-66-(COOH), AL /K € 725 25 100 mL, #7 0B0A FH . U100 wLiZis e, Hx
JIA 50 WL 28 B R A7 (40 mmol/L) F12850 wL H ¥ Na,SO, W (e B 4351 4 20, 40, 60, 80, 100,
120, 200, 400, 600, 800 pmol/L) , KR 30 s, IFAEZ LT S —BeAta] . 7E 295 nm e & T ik
FFHENEEAEMN , 0V 315~570 nm, {3 410 nm AL B EHREE HEA T2 B 00T . X BESEISAE T H AT
YR IE oL T % iR 47 (5 nm/5 nm, 700V).

2 GRS

2.1 Ce-UiO-66-(COOH), B F#ill SO By aT 1T R M IE 4 #
A 1(A) AL, Ce*FE 360 nm Ab =98 e f5 55 I 1(B)a] UL, Je iR & Hh A MOF F1S0% DL I
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AT HE DR 5 1 HA S MOF, BA FIREINAY) SOT RIBSAELERT , 7£295 nm YEIIIA T, 410 nm iby™
HEPIEES . X ATRESE Ce-Ui0-66-(COOH), Ak SO = AR iR MY H th2E(S0;) , #EM5] &+ BA S
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Fig. 1 Excitation and emission fluorescence spectra of Ce**(A), feasibility experiment of detecting
SO% with Ce-UIO-66-(COOH),(B), effect of free radical scavenger on fluorescence intensity

of SO? reaction system(C)
5o 2,=1 mmol/L; ¢;,=40 mmol/L; ¢y,,=1. 5 mg/L; pH=7.

N T BRAIE Ce-UT0-66-(COOH) AL FE M4 SO S 1 77 A 1 & SO, , FH BE(MeOH) . Z# (EtOH)
FUEUT B (1BuOH ) 3 e JE38 BRI 1 SO AR [ & 1(C) ], 4528 H RN AS BE % 1L R K g iRix —
PEEAy 1. PESCHR[25,26 1338, & a-E B (40 MeOH 1 EtOH) 5 - OH Fll SO # HLAT 48 55 1Y S0 1%
P, AT a-Z /) BuOH {5 - OH Eﬁiir“réhiz% M5 SO, W R iR 2= 7E MOF, BA F1SO% L
NARZ T, MeOH F1 EtOH JL-F- 58 4] T 26 = iIe [ B 1(C) 1, X AT S H FEEXT - OH F1 SO 1)
TP AE AR H2, X T (BuOH G I 2 87% A2 EamEE . Ik, SO HA 2 F 82 5 v
AR, EEESS T RN 2- 25K IR AL .

22 #EBIRIE

J T BGHE Ce-Ui0-66-(COOH), B A i % H 5 SO S s MOF Z5f ke 1, 20 5% 5 SO W Rif
J5 1) Ce-Ui0-66-(COOH ), 47 T XRD FZLAM IS, 2558 2 o, HIE 2(A) ik a FTHL, &

i) Ui0-66- (COOH ), i XRD 7 5 16 55 AR 5 Ui0-66 #5481 Y XRD fi7 S ) & K4, & B H HAT Ui0-66
B[] SEAE R S5 4 . AT HILTC AR 242K 0O B iR (Hbtec) HAT PSR IS /EH , J8 T MOF Ry 4544, 21
Ce-Ui0-66-(COOH), & sy . 2(A)FEZL b AT A, Ce-Ui0-66-(COOH),5 SO/ I J7 i XRD fi7 5 1

(A) ®)

W
JL UiO-6§ Simulated
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Fig.2 XRD patterns(A) and IR spectra of Ce-UiO-66-(COOH),(B) before(a) and after(d) being reacted
with SO%
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5 50 I AT S 1% 2k @ FEAR PR — 3, UEW] MOF 55 SO KB Ji , MOAR TR KA b IR 44 . d ek
FTIR YGiE R AE T 5 SO FL W Hij Ji5 1Y Ce-Ui0-66-(COOH ), ilEB MOF F177E fi T4k fi—COOH.
[ 2(B) 12 a AT, 1713 em™ AAT— N HSR YW , JHJE T Ce-Ui0-66-(COOH), AR S H i 37 f)—
COOH FREHIHF 1) C=0 4Rl ; SR 2(B)i%Lk a ML, B 2(B)iLE b 7 1354 em™ 40 H BL—AS8r A%
Wi, AT JE T Ce* 5 O T AR IR i

J T RAER . Ce B A AL, X RV RIS 4 @A L E24p BHEA T T XPS A, dnf&l 3 1
1R, Ce-Ui0-66-(COOH), [ Ce,,, il Ce,,  7E882. 15, 899.72, 901. 32 f1916. 23 eV AL IE I )& Hy
Ce*", 885.43F1906. 1 eV AT JE T Ce™?", FH Ce-Ui0-66-(COOH), FEEH Ce* Fl/b i Ce® B 141
Ji. Ce-UiO-66-(COOH), 5 SOT S Ji , Ce™ IR LL (91 2 38 T Ce® it A {E LU 191 PR [ 181 3 (A) FI
(B) JeZR 1], W] Ce*n] Ce* 1, H Ce* B +Z 58 LIRIF Y .

40
@A)
35+ Ce™
35
X =
= 30F <
8 Ce** =30
z g
@n (=}
g8 25- 8
i; 5 25
= o
< —_
— 20 20
15 L 1 1 1 I 15 I L 1 I L
930 920 910 900 890 880 870 930 920 910 900 890 880 870
Binding energy/eV Binding energy/eV
Fig. 3 XPS analysis for the Ce,, of Ce-UiO-66-(COOH), before(A) and after(B) the reaction with SO*
Table 1 XPS data of Ce-UiO-66-(COOH), before and after the addition of SO
Binding energy/eV Relative proportion
Sample
Ce4+ C63+ Ce4+ Ce3+
Ce-Ui0-66-(COOH ), 882.15 899.72 885.43 68.65% 31.35%
901.32 916.23 906.10
Ce—UiO—66(COOH)2+SO§’ 882.15 900.04 885.40 56.27% 43.73%
901.97 917.03 906.07

T H ik Ce-Ui0-66- (COOH) , i 4k 5 1 41 SO 2 I 7= A& (1 J2& SO, X Ce-Ui0-66- (COOH) ,,
SO 15, 5-— F JL kg wbk-V- 42 1L ) (DMPO) BRSP4 T T ESR G . fr & 4 0] 0L, HEL T DMPO
5 S0, &y M i) 4 XF ESR W6 . B Ce-Ui0-66- (COOH ) , 4 Ak 15 1l 4 SO 5z I 1k F2 v 7 A A 2
SO,

T 4% 58 Ce-Ui0-66- (COOH) , i) TE 51
Ce-Ui0-66-(COOH ), Y5 SO [ i 5 FES I A4k, Xif
PAREAT T SEM L. B S(A) RIS (B) Al L,

Ce-Ui0-66- (COOH) , y TE/\TH 4, #4K 2 °H 600 P’M
nm; H &S (C) M5 (D) AL, 5 SOF & W Je
Ce-Ui0-66-(COOH), IIESFIR/INICAR AL, R iE /N

<l S A ] I — 1 1 1 1 1 1
ﬁﬁg ' @ﬁXT Hz[?é—] S(B)%n PE] S(D)kf)h ’ ‘:j SO% }i 3460 3480 3500 3520 3540 3560
I J&i Ce-Ui0-66- (COOH) , ) 2% Tf1 4% 75l % MLAE: Magnetic field/G
PE— BRI Ce B T2 5 1 S ALIE KT Fig. 4 ESR spectra of the mixture of Ce-UiO-66-
. HE 6T UL, Ce-Ui0-66-(COOH) 2 HaEC, (COOH),, SO¥and 5,5-dimethylpyrroline-N-
O’ Ce Sﬁﬁ%’%. oxide
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Fig.5 SEM images of Ce-UiO-66-(COOH),(A, B) and Ce-UiO-66-(COOH),+SO%(C, D)

Fig. 6 Element distribution of Ce-UIO-66(COOH),
2.3 Ce-UiO-66-(COOH), 3t SO #& il &4t 4L
YRIE T VAR Z pHAE . 0 B A] L K Ce-Ui0-66- (COOH ), (MOF) #1124 FH 2 4k (BA) 1 Y Ji %ok
Ce-Ui0-66-(COOH ), KM SO Ay 52N . H I 7(A)FI UL, B pHAERYIE K, Ce-Ui0-66-(COOH), 5 SO3
SUWAR ZR 960 B SE 28 K, 2 pH=7. 0 J5 9O0omE G218 N [, IRk pH=7. O/ M i 551 .
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Fig.7 Optimization of experimental conditions for determination of SO} by Ce-UiO-66-(COOH),

(A) pH value; (B) detection time; (C) concentration of MOF; (D) concentration of BA.

Chem. J. Chinese Universities, 2025, 46(7), 20250062

20250062(27/30)



% #

Ed iMﬁLJﬁRNAL OF CH\NiUV:%ERSITIES
& 7(B)A] WL, Bt S 0 s8] A A8 AN, Ce-Ui0-66-(COOH ), 5 SO WA 2 A5 i B AW K,
IV 40 min J5 9EG5R B G218, [0 60 min J5 0GR B G A T B, T LAEEE Ce-Ui0-66-(COOH), 5
SO S A e A 8] 4 50 min. HE 7(C) AT, Fli#5 Ce-Ui0-66-(COOH), ¥ FE =T , T iR R A9
SR PEANBIE R, IR EE R 1. 5 mg/mL B, R RO BRI, Mk K% 2. 0 mg/mL B, ¢
JEoE AT T T R, G2 Ce-Ui0-66-(COOH ), 5 SO 2 A AE MR M 1. 5 mg/mL. FE 7(D) AL, 24
7 F RGN AR MR B A 40 mmol/L IR, Ce-Ui0-66-(COOH ), 5 SO [ i, IR 3 B9 YEom i 1A 2 Fe KA,
2% H R B S TR 28 50 mmol /LIS, SN ZR 2 S B A i B e, 0 J2: DR R 28 H R P vk 2ok KT g
AEAES SRR IR G, TR e B F R 1 Foe AV B2 40 mmol/L. 25 B JIriA, Ce-Ui0-66-(COOH ), 46 il
SO (4 fie A 45 14 g S % 49 pH=7. 0, 2 %7 5} 1] 50 min, MOF B9 ¥ B 4 1.5 mg/mL, BA ¥ B N
40 mmol/L.
2.4 Ce-UiO-66-(COOH), i SO, i T 1E h 2k 5kt

TERAE R D Z5E T, BE5E T Ce-Ui0-66-(COOH) A6 SO 1) TAF # 28 S kG iR . Fh & 8 (A) AT I,
Bifi 75 Na,SO, 7 TR W B A 3G I, VS WAR 3R 09 2 o R T3S K . i 18 8 (B) R (C) AT L, #E 40—120
wmol/L A1 200—1000 wmol/L ¥k FETE N , Ce-Ui0-66-(COOH), Kl SO Y756 15 Na,SO, I Bk i 5 K
UFIERME G R, JLERPE TR AT BN F=10. 13+ ¢y, 00, +419. 31 F=2. 939+ ¢y, , +1352. 7. Mk, AR
3olk(Horb, ENAER, o MARMEZS ) THE Y Ce-Ui0-66-(COOH), K SO Hi FR (LOD ) 4 8. 3 umol/L.

5000
) 1000 pmol/L 18005
—800 umol/L
4000 |- —600 pmol/L 1600 |
5 —400 umol/L &
o —200 pmol/L <
2 3000 —120 pmol/L 3 14001
Sjt
—80 jimo L
2 2000 —60 pmol/L g 1200
o 40 pmol/L 3
= = 1000} 1y=10.13x+419.3
1000 - R*=0.996
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0 1 1 1 1 1 1 1 1
350 400 450 500 550 40 60 80 100 120
Wavelength/nm Csg /(umol-L-1)
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4500HO .
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2 35001 =
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2 3000} £
§ = 2000
= Bl ¥=2.939x+1352.7 5
20001 R=0.996 1060
200 400 600 800 1000 0 - . .
Cot (umol-LY) F- CI- SO HPO CO:” NO; SO;

Fig. 8 Fluorescence spectra of the salicylic acid on the addition of increasing concentrations of SO%(A),
linearity plot of the fluorescence intensity ratio of produced by salicylic acid versus different
concentrations of SO (B, C), selectivity assay result of Ce-UILO-66-(COOH), for SO} and other
interferents with equal concentration(D)

Ce-Ui0-66-(COOH) Kl SO i HeA 7 My B ity T LI ZE R AN 8 (D) v . £ pH=7. 0 Z&F T, P
T % WL B E F NaF, NaCl, NaNO;, Na,SO,, Na,CO,Fl Na,HPO, %6 I V& 2 ¢ e 5i B (i s min . ey 141 8
(D)A[ UL, ¥, CI', SOF, HPOT, COT HINO; &5 B B T3 AR AR R (9O LR, KW Ce-Ui0-66-
(COOH), *f SO K INA7 H2 -y EFFAE

HIZ 2 A1, Ce-UiO-66-(COOH), [AJ4 3L} SOT G A AT HFIR , AH BT 0l Atk Y L e |
AR AT -Co ELEAGIN SOT A —E IRy, RIAE R AL 2L Ce-UL0-66-(COOH), I SO #4745
LIREOT B
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Table 2 Comparison of various fluorescent based methods for the detection of SO;-

Material Detection range/(pmol + L") Detection limit/(pumol - L") Reference
N-GQDs 4.0~200 1.4 [30]
Naphthofluorescein 0~300 1.7 [31]
Fluorescein 0~500 10 [32]
BODIPY-Le 0~2000 58 [33]
Au NCs 0~200 12 [34]
Ce-Ui0-66-(COOH ), 40~120 8.5 This work

2.5 ZBRERFBSOTHINE

H T BAIEIE T Ce-Ui0-66-(COOH ), #4 2 15 YA Jr 12 35 Be F T S8 Bk fid o SO3 oA . k1%
D7 I T RERT KR F K R SOF & S RGN . anZ& 3 Fiaw , InbR S 545 (D230 FRl 35 78 95. 2%~
98. 8%, 1ZJTILI RSD<4. 5%, FRBHZ )y il e 5 AR () SRR T, 38 A T SEPRAE S SO3 Bl .

Table 3 Spiked assays of SO} in rainwater and tap water(n=3)"

Sample Spiked level/(pumol - L") Detected quantity/(pumol - L") Recovery(%) RSD(%)

Rainwater — ND — 14
50 48.2 96.4 2.3
100 96.3 96.3 1.7
150 146.9 97.9 1.2

Tap water — ND — -
50 47.6 95.2 4.5
100 98.7 98.7 32
150 148.2 98.8 2.8

“ND: Not detected.

3 4 it

PR T LT LA B A ML ZE AR Ce-Ui0-66-(COOH ), ¥ 564G SO 1y )5 . LA Ce-ULO-66-
(COOH), MAEALM L, LIZEH IR MG S84, L2 A Ce-Ui0-66-(COOH)  MEALTH I SO3
PR BRER AR R L, SIS R R S AR KA IR, T SE IR ZOGAE S TR R SO%. AR BB AR £R
H LA RRIR A SR N R T2 R H WG B 1 HA e i A e Rk

2 % X #
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