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Abstract

A series of reactions between cationic ions and nickel tetrasulfonated phthalocyanine (nickel
4,4’ 4’,4’-tetrasulfophthalocyanine, NiS;Pc) were performed and demonstrated that water-soluble
NiS4+Pc can complex with Pb2+ to form an insoluble compound, many acid anions can dissolve this
compound. However, the presence of acidic materials (acid inhibitors) can inhibit the dissolution
of this compound by acid anions. Screening of acid inhibitors led to an important finding. In the
presence of a low concentration of citric acid, the precipitate dissolution by most anions was com-

pletely or significantly inhibited; only P,0;, could still dissolve the precipitate compound, NiSsPc-
Pb(II), to release NiS4Pc. The solution phase shows the characteristic color and absorption spec-
troscopy of NiS4Pc-Pb(II), thus providing a specific optical probe for P,O}, . In addition, the color

and absorption intensity of the solution remained stable for a long time (more than three months),
indicating significant stability of the optical probe. Based on this finding, a new spectrophotome-

tric technique has been established for detecting and quantifying aqueous P,0j, with high speci-
ficity. Furthermore, a new model for the visual (naked eye) detection of P,0;, has been devel-
oped. The experimental parameters have been optimized. Under the optimal conditions, the ab-
sorbance difference (Ads21) shows an excellent linear correlation with the P,0;, concentration
(C, ng/mL) ranging from 3.0~75.0 pg/mL. The linear regression equation is Ads21 = 0.014C - 0.057,
with r = 0.9984. The limit of detection was 2.0 pg/mL. Compared to traditional P,0O;, detection

methods, this method exhibits high specificity, excellent stability, easy and fast operation and thus
strong application potential. This method can provide visual detection, which will be particularly
beneficial for in situ or field analyses. In this study, the preparation of metal phthalocyanine inso-

luble compound optical probe for highly selective determination of P,0;, is universal in prin-

ciple. It is expected that more optical probes could be constructed based on this principle and ap-
plied to the detection of other sorts of anions.
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Figure 1. Molecular structure of NiS4Pc
B 1. NiS,Pc B4 F 4514

NiS,Pc [FI7KIEAE 600~700 nm AbA — 5 FIRFER IS, B RIOBOE AL T 621 nm b (& 2(a)),
e A T B4 BT 0 5B P
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[NiS,Pc] =2.5 x 107> mol/L, [Pb(NO;),] = 1.5 x 10~* mol/L.

Figure 2. Absorption spectra of supernatant of NiS,Pc before (a) and after (b) the addition of Pb**
& 2. NiS,Pc 5 Pb* A RIFRHIRUL A 1L
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Table 1. The dissolution effect of NiS,Pc-Pb(II) by radical ions
# 1. BRIRE T Xt NiS,Pc-Pb(1)ITT5E KA RRAER

AR T W PR T WOt
Acid radical ion Absorbance Acid radical ion Absorbance

HPOZ 0.215 C,H,0" 0.626
PO} 0.126 C,H,0; 0.367
P,0%; 1.775 C,H,0; 0.207
P,O;; 1.810 C,HN,0; 0.195
HCO; 1.041 B(CHj;), 0.343
S,0F 0.610 C,H,HgO,S 0.405
S,0F 1.179 CN™ (HE%) 0.273
HSO; 0.022 Cco; 1.650
Clo; 0.016 s* 0.304
10; 0.029 So; 0.070
10, 0.773 F 0.034
M0 1.814 cr 0.023
WO? 1.758 Br 0.009
SioZ 1.770 I 0.017
B,0> 1.671 NO; 0.020
C,0r 1.630 CH,COO™ 0.026
N; 0.069 CH,OF 1.630

[NiS,Pc] = 5.0 x 10~° mol/L and [Pb(NO5),] = 8.0 x 10~* mol/L; the concentrations of all of the acid radical ions were 2 x
10 mol/L.

FE SRR 28 FPOINARIR BE IR YE M T » A BIK 22 B0 BA 81 (B 378 L3 i 2 B 1) %) NiS4Pe-Pb(I)
AT A B T S AR (52 2) o

Table 2. Inhibition effect of acidic substance on the dissolution of NiS4Pc-Pb(Il) complex by radical ions
7 2. BRIV R ITERIR B FARE NiS,Pc-Pb(ID)J7UiE HIHIHIE A

()
g in Bl
MR T Acid inhibitor
Acid radical HHR R R TR FIERIR R
1ons Benzoic Hydrochloric Performic Succinic Citric Phosphoric
Acid acid acid Acid Acid acid
HPO; 0.080 0.054 0.078 0.02 0.02 0.041

DOI: 10.12677/aac.2023.133037 344 TR


https://doi.org/10.12677/aac.2023.133037

7Y

Continued
P,0%; 0.224 0.16 0.529 0.209 0.524 0.36
P,O;; 1.555 1.387 1.529 1.515 1.519 1.489
S,0F 0.044 0.077 0.073 0.006 0.09 0.087
M,0; 1.626 1.543 1.627 1.632 0.092 1.629
WO?{ 0.694 0.241 0.424 0.439 0.053 0.273
SioZ 0.091 0.12 0.187 0.059 0.654 1.579
B,0F 0.03 0.019 0.084 0.016 0.023 0.015
C,0r 0.206 0.09 0.263 0.199 0.087 0.129
C(,HSOi’ 0.121 0.057 0.052 0.119 0.07 0.035
cor 0.033 0.034 0.036 -0.002 -0.002 0.06
(b)
PR 40 7]
T s Acid inhibitor

Acid radical g R TR R W LR

Sulfuric perchloric Benzenesul- Periodic Orthoboric Oxalic

acid acid fonic acid acid acid acid

HPO?{ 0.087 0.256 0.025 0.82 1.432 0.225

P,0f; 0.145 0.545 0.179 0.803 1.558 0.421

PO}, 1.107 1.126 0.191 1.016 1.583 1.051

S,0 0.048 0.027 0.018 —0.007 0.032 0.163

MOOi’ 1.457 1.555 1.637 0.025 1.459 0.307

wo? 0.09 0.258 0.107 1.002 0.381 0.043

Sioy” 0.042 0.184 0.046 0.114 0.739 0.583

B0 0.021 0.07 0.02 0.224 0.545 0.086

CZOi’ 0.105 0.119 0.109 0.13 0.249 0.262

CH,0r 0.039 0.383 0.046 0.033 1.353 0.296

COoI - 0.021 0.050 0.003 0.266 0.552 0.095

The concentrations of components in the table S2 were: [NiS;Pc] = 5.0 x 10> mol/L and [Pb(NO3),] = 8.0 x 10~* mol/L; the
concentration of all of the acid radical ions in table S2 was 2 x 10~ mol/L.

X ER YR ot AR F g — B AR, R S AIRREFT R B, P03, JUFASSZaxX F|
TERI M. tHED, FEAFBERRA I, NiSyPc-Pb(IDX} PO FHLHIRE MM Ri([&] 3). JEREMI 2 (45 51 &
Il 7 2 B 2 A T AE DGR v P R
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abcdefghijklmnopqrstuvwxyz
Acid radical ion

From left to right: a. blank; b. polyphosphate ion; c. acetate ion; d. perchlorate ion; e. chloride ion; f. iodide ion; g. bromide
ion; h. nitrate ion; i. fluoride ion; j. dihydrogen phosphate ion; k. nitrite ion; 1. periodate ion; m. molybdate ion; n. iodate ion;
0. metaphosphoric ion; p. bisulphite ion; . sulfite ion; r. bicarbonate ion; s. hydrogen phosphate ion; t. carbonate ion; u. bi-
sulfite ion; v. thiosulphate ion; w. tungstate ion; x. sulfide ion; y. silicate ion; z. pyrophosphate ion.

Figure 3. Effect of different kinds of acid radical ions on dissolving NiS,Pc-Pb(IT) complex in the presence of low concen-
tration of citric acid
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[NiS4Pc] = 2.5 x 107> mol/L, [Pb(NO;3),] = 1.5 x 10~* mol/L, [C¢HgO,] = 6.0 x 10~* mol/L; The concentration of P,O’; for
curves 1~7 are 0, 3, 15, 30, 45, 60 and 75ug/mL, respectively.

Figure 4. Absorption spectra of the reaction system in the presence of different concentrations of P,07;

B 4. FEBRE PO}, FE T RRBURE A
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P R i ) 246 T 40 BRAR B8 15 NiS,Pe-Pb(INUTIE &I IRIER, 52, (EFMERGAET,
KZHH 2 F 3 LLZFEL NiS,Pe-Pb(IDTTHE & A4 T B8 11 S5 B B NiS,Pc. HHRIESRH, = RR
BT 05 Po™ Al I Mk (R A, Xt PO™ (4 A st 1 LA 2 4570 ST HE Il n EDTA, HCO;
FPOY % [22]. BATAN, BT P,Oj; Xt PO X RS G 1EA, (FHAAERBERRA B h AL Po™ i {#
NiS,Pc W ES ISR, R RO N R, AR RGO FEAVRHAE RS W A5 LUK E . 5T bl
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4. SCIEEZHRIHEE
4.1. Pb(NOs),/NiS,Pc FAE L HIAHEL

F42 [ Pb(NOs),~ NiS,Pc HE BN IIIE T 52 . 255K, [Pb(NO;),J/[NiSsPc] KT 2 I,
NiS,Pc CLIEAPITHE . XFEIR, NiSPc 5 Po ATREL K T 1:2 FIE A4, [P(NO;),)/[NiSPc] KT 4 i,
NiSPc DHEVTIE B A BB T B Pb(NO;), FIE R L5 352, WCRH[Pb(NO;),J/[NiSPc] > 4 3
17RO, DIARIIE NiS,Pe 4 58 I TE «

4.2. IEBRAERERE
8T KRR S NiS,Pec FIE ELXFE MM . 45 R BN, FEER/NISPc ELBI AL = BRERR R

FIma R A K, YIRS NiS,Pe IREHIAT] 24 2 5, H = TEBEBRHE LA A IR M B 7 410 ) 25 SR
Bt MR ZE AT IE IR S NiSyPe FH & LU 24 1F ik & rh B P35I 55 ) F &
4.3. R MEERYIEE

SEIG R I, 45 NiS,Pe-Pb(INUTIE E A WIAEAM A BUE I a5 K, S AR R RIGWOLE 4, HELZE /)N
MEIE 0, THFIRR 2 HRE OG22 Adey, WIZENS N BE . ORUEIN € ORI, 76 SN 45 0K 5 IO Ja 37 B
L, FERE EIERGEATINE .. EERURCE 3 NG, HEE R OE R HE oA, 1x 3R HH DU fifh S 4R K
TEIKAH AR S AR o
4.4. R MEERYIEE

B[ I IR R RONAR R TREIE (1] 5). 7E 20°C~80°CYEREI N, 4 A 1 LIl OB A, BEE IR 1
THEE N, X H T EE T EESE T NiSPc-Pb(INTIIEE YR B MRS M0k 4 BIRE S RO
Adgy 75 30°C~40°CYE I AL EAl,  #ORFRAE 30°C~40°C N iEAT S BT 5E o
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Temperature( °C)
a: Ag; b: Adgy;. The concentrations of the components present in the reaction system: [NiS,Pc] = 5.0 x 107 mol/L, [Pb(NO5),]
=3.0 x 10~* mol/L, [C¢HgO;] = 1.2 x 10~ mol/L, [ P,O}, ] = 1.5 x 10~* mol/L.

Figure 5. Temperature influence on the absorbance of the supernatant after a reaction
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4.5. MEERESRHERNF N

52 VUSSR EAHF FH S 7 vk TAE e 0 RIBUB 52, LA PO;, &1 MUV FE(C, pg/mL)Xf % B
EAH (Ade) 2 bR TAERIZR, TTLUSRIARE NiSsPe W R MERIA T FE(E 3). 458 EH, NiSPc ik
FER 2.5 x 107> mol/L I, AT Hi £ £ 1 [X 8] ek, R B TRELHF , #iide 3 NiS,Pe i FH & 2.5 x 107 mol/L.

Table 3. Optimization for the usage of NiS,Pc
3. WA RRERENRL

LA X 1)

NiS,Pc F & (mol/L) Frife TAE 2k . R RH
) o Linear Interval
Usage of NiS,Pc Calibration curve r
(ng/mL)
1.0x107° AAdg =0.0087C —0.0168 3.0~45.0 0.990
2.5%107 Adgy; = 0.014C — 0.0566 3.0~75.0 0.998
50x10° Adgy; =0.0187C — 0.152 5.0~90.0 0.995

4.6. MESH

ERARI AN, MEiaE TAEZ . DL PO, B+ HIKEE(C, ng/mL)X RO ZE (A4 FE, 13
FIZEMERENE T FEN: Adg =0.014C - 0.0566. FHKREL r=0.9984, ZEPEX AN 3.0~75.0 pg/mL, Al PR
A 2.0 ug/mL.

5. BRAH

T 4 mL B O PR IIA 7.5 uL NiSyPe (1 x 10 2 mol/L)VAW, 45 pL Pb(NOs), (1 x 10 mol/L)VA W,
J7K % 3.0 mL, ¥%5], 4000 rpm B0 5 min J5 3% BiE; BT, RIKMA H,0, 9 uL 0.2 mol/L FTEER,
RS MU 45 uL FEARE T(1 x 107 mol/L)H, A ANARN 3.0 mL, HEiRiE%a% LiE% 20s
A IR 5T, 4000 rpm 25.0 5 min, B FIERE T — K51 10 ml BEGRE s S AE N LRIRE 7.
IMAARFBRAR TR E T, HFi xR R0 3 246E), A8 P, &1 E st R KE
PEG B BE S D RRHE R t, AL WRR S 752 AE M E R E 25, REFARZETHT PO, 51
(1 B ALAA I, B P, W B

6. &it

IR NiS,Pe-Po(I) 2 FREH 0T STHL AV PLO% B TR, A 51 B MR
TR . P4 IR & OB 0 56 T HE AT E LRI, 56T 355 3 B A 40 b FLA TR 3 1 5 P
{8, ACHT I B T 1 B R . AL — ELA A RT3 KR 4 AR H OB e 7 1, A 9
Seb ) 45 TR R R P A B 2 R s R M 2 POS, , FESREE b LA RS, 1T b SR
LU A, BT 2 MK B T s E R, 9B T AR — BT 1 0 R R LA R S 4

18-
B oW

ASCAF RN TR 2 B 22 B et 5 oo BV SR A KR 0 SCfs, FE LIRS
E&WH

WA R 25 AR TR H (2018PY036)
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