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Supplement S1: Synthesis and characterization of Na4[Zn{N(CH2PO3)3}]·13H2O 
Zinc oxide (0.8 g, 0.01 mol) was added and stirred into a NaOH aqueous solution (1.6 g, 0.04 mol, 50 mL) at 60–75 °С. Then, NTP aqueous solution (3 g, 0.01 mol, 50 mL) was dropwise added into the ZnO suspension under continuous intensive stirring at the same temperature. The obtained transparent solution was filtered, and DMSO being added (4:1 by vol.). At slow evaporation of water at room temperature, freely soluble in water colourless triclinic Na4[Zn{N(CH2PO3)3}]·13H2O crystals up to 5 mm in size were formed. The crystals were isolated, washed by water–DMSO (1:1 by vol.) mixture, followed pure DMSO, diethyl ether, and then air-dried (4.6 g, 67%).
Anal: Calcd for Na4[Zn{N(CH2PO3)3}]·13H2O (at.%): P 13.57; Zn 9.55. Found: P 13.65±0.5; Zn 9.7±0.2. 

IR (KBr) (cm–1): 496, 582 (( Zn–O), 766, 778 (( O–P–O), 842, 855, 874 (( C–N–P), 965, 986, 1050, 1130 (( P–O), 1238 (( P=O), 1432 (( CH2).
Raman (cm–1): 477, 503, 553, 578 (( Zn–O), 760, 840, 878 (( O–P–O), 918 (( C–N–P), 1004, 1080, 1102, 1132, 1188 (( P–O), 1243 (( P=O), 1402, 1430 (( CH2).
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Supplementary Figure S1.1: The crystal of the Na4[Zn{N(CH2PO3)3}]·13H2O, obtained as described in the present paper. Optical microscope, 40(.

Supplementary Table S1.1: X-ray data collection, crystal data, and structure refinement details for Na4[Zn{N(CH2PO3)3}]·13H2O.
	Formula
	Na4[ZnN(CH2PO3)3]·13H2O 

	FW
	684.54

	Cryst. syst.
	Triclinic 

	Sp. gr.
	P–1

	Z
	2

	a, b, c (Å) 
	11.2208(2), 11.2666(3), 12.3286(3) 

	α, β, γ (deg) 
	108.455(2), 97.168(2), 117.103(2)

	V (Å 3)
	1247.51(5)

	Dc (g/cm3)
	1.822

	Wavelength λ (Å)
	0.71073

	μ (mm –1)
	1.338

	T (ºС) 
	20(2) 

	Crystal specimen radius (mm)
	0.16

	Diffractometer
	Xcalibur, Sapphire III, Gemini S

	Scanning type
	(-scan

	Absorption correction, Tmin /Tmax
	Empirical, 0.984/1

	θmin /θmax (deg) 
	3.4405/32.9809

	Index ranges h, k, l
	–16 ≤ h ≤ 16, –16 ≤ k ≤ 16, –17 ≤ l ≤ 17

	Reflections collected/unique (N1 ) / RInt / with I > 2σ(I) (N2 )
	23537/7509/0.0117/7211

	Refinement method
	Full-matrix least-squares on F 2

	Parameters
	436 

	S 
	1.053

	R1 / wR1 (N1 ) 
	0.0163/0.0389

	R1 / wR1 (N2 ) 
	0.0153/0.0385

	Δρmin / Δρmax (e/Å3)
	–0.364/0.420


Supplementary Table S.1.2: Selected bond lengths (Å) and angles (deg.) in the Na4[Zn{N(CH2PO3)3}]·13H2O structure extracted from the XRD data analysis (CCDC 919565). 

	Bond
	d (Å)
	Bond
	d (Å)
	Bond
	d (Å)

	Zn1–N1
	2.2548(7)
	P3–C3
	1.8214(9)
	P3–O7
	1.5162(7)

	Zn1–O9
	1.9882(7)
	P1–C1
	1.8217(9)
	P1–O1
	1.5193(7)

	Zn1–O4*
	2.0151(6)
	P2–O5
	1.5108(7)
	P3–O9
	1.5416(7)

	Zn1–O3
	2.0184(7)
	P3–O8
	1.5127(7)
	P1–O3
	1.5472(7)

	Zn1–O4
	2.0876(7)
	P1–O2
	1.5131(7)
	P2–O4
	1.5567(7)

	P2–C2
	1.8204(9)
	P2–O6
	1.5147(7)
	
	

	Angle
	( (deg.)
	Angle
	( (deg.)
	Angle
	( (deg.)

	N1–Zn1–O3
	86.57(3)
	O9–Zn1–O4*
	101.27(3)
	O9–P3–C3
	103.80(4)

	N1–Zn1–O4
	82.50(3)
	O1–P1–C1
	107.79(4)
	O1–P1–O3
	110.80(4)

	N1–Zn1–O9
	87.11(3)
	O2–P1–C1
	108.38(4)
	O2–P1–O3
	112.24(4)

	N1–Zn1–O4*
	163.29(3)
	O3–P1–C1
	103.71(4)
	O6–P2–O4
	111.64(4)

	O3–Zn1–O4
	128.82(3)
	O4–P2–C2
	101.62(4)
	O5–P2–O4
	112.87(4)

	O3–Zn1–O9
	114.49(3)
	O5–P2–C2
	106.85(4)
	O7–P3–O9
	111.29(4)

	O3–Zn1–O4*
	102.68(3)
	O6–P2–C2
	109.90(4)
	O8–P3–O9
	112.09(4)

	O4–Zn1–O9
	114.66(3)
	O7–P3–C3
	109.26(4)
	O1–P1–O2
	113.34(4)

	O4–Zn1–O4*
	80.86(3)
	O8–P3–C3
	107.54(4)
	O6–P2–O5
	113.19(4)

	O7–P3–O8
	112.41(4)
	
	
	
	


Supplement S2: Characteristic points of anodic polarization curves for steel E 235 

	Composition of corrosion medium (BBS at pH=7.4).

Concentration of additives:
	Characteristic points of anodic polarization curves

	
	Potential vs. standard saturated Ag,AgClǀKCl reference electrode (V)*
	Current density (A/m2)**

	CF– 

(mmol/L)
	Cinh
(g/L)
	Open-circuit

Eoc
	Primary passivation

Epp
	Trans-passivity

Etp
	Critical anodic 
ic
	Minimal in passive region 

ip min

	0
	0
	–0.73
	–0.33
	1.14
	1.17
	0.46

	0.28
	0
	–0.74
	–0.32
	1.13
	1.02
	0.46

	0.14
	0
	–0.75
	–0.31
	1.13
	1.35
	0.49

	0.28
	0
	–0.75
	–0.32
	1.14
	1.23
	0.50

	0.56
	0
	–0.75
	–0.35
	1.13
	1.30
	0.54

	0.99
	0
	–0.74
	–0.33
	1.14
	1.28
	0.72

	1.4
	0
	–0.75
	–0.35
	1.14
	1.20
	0.86

	2.8
	0
	–0.75
	–0.36
	–
	1.25
	–

	5.6
	0
	–0.76
	–0.36
	–
	1.40
	–

	0.28
	0.025
	–0.74
	–0.39
	1.12
	0.86
	0.45

	0.28
	0.05
	–0.72
	–0.40
	1.12
	0.72
	0.43

	0.28
	0.1
	–0.71
	–0.42
	1.11
	0.60
	0.40

	0.28
	0.2
	–0.70
	–0.44
	1.10
	0.51
	0.36

	0.28
	0.5
	–0.70
	–0.38
	1.09
	0.49
	0.41

	0.28
	1
	–0.70
	–0.43
	1.08
	0.50
	0.40

	0.28
	2
	–0.72
	–0.43
	1.07
	0.54
	0.36

	0.28
	5
	–0.77
	–0.49
	1.06
	0.95
	0.41

	1.4
	0.05
	–0.73
	–0.35
	1.16
	0.91
	0.86

	1.4
	0.2
	–0.72
	–0.34
	1.13
	0.71
	0.72

	1.4
	0.5
	–0.72
	–0.33
	1.11
	0.64
	0.62

	1.4
	1
	–0.72
	–0.32
	1.09
	0.63
	0.54

	1.4
	3
	–0.75
	–0.43
	1.06
	0.85
	0.52

	1.4
	5
	–0.76
	–0.46
	1.05
	1.02
	0.50

	1.4
	7
	–0.77
	–0.49
	1.04
	1.10
	0.48

	1.4
	10
	–0.78
	–0.49
	1.03
	1.16
	0.48

	5.6
	0.05
	–0.74
	–0.42
	–
	0.86
	–

	5.6
	0.2
	–0.72
	–0.38
	–
	0.64
	–

	5.6
	1
	–0.73
	–0.32
	–
	0.63
	–

	5.6
	3
	–0.75
	–0.46
	1.13
	0.81
	0.72

	5.6
	5
	–0.77
	–0.45
	1.09
	1.01
	0.53

	5.6
	10
	–0.78
	–0.49
	1.06
	1.33
	0.53

	5.6
	20
	–0.79
	–0.53
	1.04
	1.81
	0.49


*Error in determining the potential is ±0.01 V.

**Error in determining the current density is ±0.01 A/m2.

Supplement S3: SEM micrographs of the coupons surfaces with the data on elemental composition
Coupon 1. Steel E 235 polarized in BBS (pH = 7.4) with added 1.4 mmol/L F– at Е = 0.3 V
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eZAF Quant Result - Analysis Uncertainty: 12.08 %
	Element
	Weight %
	MDL
	Atomic %
	Error %

	B K
	1.2
	0.2
	4.5
	26.1

	O K
	9.5
	0.12
	23.3
	7.8

	F K
	2.8
	0.25
	5.8
	10.5

	Na K
	5.7
	0.32
	9.7
	14.0

	Fe K
	80.8
	2.28
	56.7
	10.5
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eZAF Quant Result - Analysis Uncertainty: 12.08 %
	Element
	Weight %
	MDL
	Atomic %
	Error %

	C K
	1.7
	0.14
	6.8
	19.3

	O K
	1.1
	0.1
	3.4
	14.3

	F K
	2.8
	0.23
	7.2
	9.3

	Fe K
	94.4
	1.95
	82.6
	9.3


Coupon 2. Steel E 235 polarized in BBS (pH = 7.4) with added 1.4 mmol/L F– at Е = 0.5 V
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[image: image7]
Quant Result - Analysis Uncertainty: 51.77 %
	Element
	Weight %
	Atomic %
	Error %

	B K
	4.2
	14.0
	17.1

	O K
	11.6
	26.1
	7.8

	F K
	2.5
	4.8
	12.3

	Na K
	2.8
	4.4
	19.7

	Fe K
	78.8
	50.7
	10.9
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[image: image9]
eZAF Quant Result - Analysis Uncertainty: 18.74 %
	Element
	Weight %
	Atomic %
	Error %

	B K
	5.1
	15.5
	16.7

	O K
	14.8
	30.6
	7.6

	F K
	2.7
	4.8
	12.6

	Na K
	3.7
	5.3
	16.6

	Fe K
	73.7
	43.8
	11.2
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eZAF Quant Result - Analysis Uncertainty: 11.04 %

	Element
	Weight %
	Atomic %
	Error %

	O K
	1.2
	3.9
	14.0

	F K
	2.8
	7.6
	9.2

	Fe K
	96.0
	88.6
	9.4


Coupon 3. Steel E 235 polarized in BBS (pH = 7.4) with added 1.4 mmol/L F– and ZnNTP at Е = –0.05 V

[image: image12]
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eZAF Quant Result - Analysis Uncertainty: 5.15 %

	Element
	Weight %
	Atomic %
	Error %

	O K
	0.8
	2.6
	18.9

	F K
	3.1
	8.4
	11.1

	Fe K
	96.1
	88.9
	2.7


Coupon 4. Steel E 235 polarized in BBS (pH = 7.4) with added 1.4 mmol/L F– and ZnNTP at Е = 0.65 V 


[image: image14]

[image: image15]
eZAF Quant Result - Analysis Uncertainty: 11.12 %

	Element
	Weight %
	Atomic %
	Error %

	O K
	0.7
	2.3
	15.9

	F K
	2.8
	7.7
	9.4

	Fe K
	96.5
	90.0
	9.5


Supplement S4: Main peaks of the XPS spectra (eV) from the coupons 
Supplementary Table S4.1: Main peaks of the XPS spectra (eV) measured with ES-2401 spectrometer from the coupons.
	Composition 

of the corrosive 

medium – 

borate buffer 

solution with 

pH 7.4 (BBS 7.4)
	Polarisation potential (V/SSCE)
	Etching depth (nm)
	P2p
	B1s
	Cl2p
	N1s
	O1s
	F1s
	Fe2p
	Na1s
	Zn2p3/2

	Without additives
	+0.50 (Flade potential/full passivation)
	0
	–
	192.0
	–
	–
	530.4; 532.3
	–
	711.4; 
714.2 (sat)
	1072.0
	–

	
	
	1
	–
	192.0
	–
	–
	530.4; 532.0
	–
	710.0
	1072.1
	–

	
	
	5
	–
	192.0
	–
	–
	530.4; 532.3
	–
	707.0; 709.3; 712.0; 
715.2 (sat)
	1072.1
	–

	
	
	10
	–
	192.0
	–
	–
	530.2; 531.8
	–
	707.0; 709.8
	1072.1
	–

	
	
	15
	–
	192.1
	–
	–
	530.1; 531.8
	–
	707.0; 709.5
	1072.0
	–

	1.4 mmol/L F–
	–0.75 (Open circuit)
	0
	–
	192.3
	–
	–
	530.1; 532.2
	685.2
	706.6; 711.1
	1071.9
	–

	
	–0.35 (Primary passivation)
	0
	–
	192.0
	–
	–
	530.0; 531.8
	685.3
	706.7; 711.1; 713.6 (sat)
	1072.0
	–

	
	+0.30 (first segment of the passivity region)
	0
	–
	192.0
	–
	–
	530.7; 532.2
	685.1
	709.8; 711.4; 714.2 (sat)
	1072.0
	–

	
	
	1
	–
	192.1
	–
	–
	530.0; 531.9
	685.0
	708.2; 709.5; 711.3; 712.9
	1072.1
	–

	
	
	5
	–
	192.0
	–
	–
	530.8; 532.6
	685.1
	709.0; 710.4; 712.0; 

714.0 (sat)
	1072.2
	–

	
	
	10
	–
	192.0
	–
	–
	530.8; 532.4
	685.3
	708.8; 710.1; 711.5; 
713.2; (sat)
	1072.3
	–

	
	
	15
	–
	192.0
	–
	–
	530.2; 532.6
	685.5
	706.9; 709.6; 712.0
	1072.2
	–

	
	
	20
	–
	192.1
	–
	–
	530.4; 531.9
	685.4
	706.8; 710.0
	1072.2
	–

	
	
	30
	–
	192.0
	–
	–
	531.0; 532.4
	685.6
	707.0; 710.3
	1072.2
	–

	
	+0.70 (second segment of the passivity region)
	0
	–
	192.2
	198.4
	–
	530.0; 531.7
	685.2
	710.3; 711.3; 712.3; 
713.4 (sat);
715.4 (sat)
	1071.4
	–

	
	
	1
	–
	192.0
	199.2
	–
	530.4; 531.6
	685.2
	709.2; 710.4; 711.3; 
713.4 (sat)
	1072.1
	–

	
	
	5
	–
	192.0
	199.3
	–
	530.2; 531.5
	685.1
	708.0; 709.6; 711.1; 712.3; 713.6 (sat)
	1072.3
	–

	
	
	10
	–
	191.8
	199.1
	–
	530.3; 531.7
	685.5
	710.1; 711.5; 713.3 (sat)
	1072.0
	–

	
	
	15
	–
	192.0
	199.0
	–
	530.5; 531.9
	685.6
	708.9; 710.2; 712.1;
714.1 (sat)
	1072.1
	–

	
	
	20
	–
	192.1
	199.1
	–
	530.7; 532.2
	685.5
	706.9 709.6 710.4

711.6 713.1 (sat)
	1072.7
	–

	
	
	30
	–
	192.3
	199.4
	–
	530.5; 531.8
	685.5
	707.3; 708.7; 709.9; 710.7; 711.9; 
714.4 (sat)
	1072.2
	–

	
	+1.45 (Trans-passivity)
	0
	–
	192.4
	–
	–
	530.6 532.4
	685.2
	709.9; 710.8; 711.4; 
713.0 (sat); 714.7 (sat)
	1072.1
	–

	5 g/L ZnNTP 
	+0.50 (Flade potential/full passivation)
	0
	132.5
	191.7
	–
	399.5
	531.5
	–
	706.9; 710.5; 712.2 (sat)
	1072.1
	1022.4

	
	
	1
	133.5
	191.7
	–
	399.5
	529.9; 531.9
	–
	706.9; 710.8; 713.4 (sat)
	1072.2
	1022.3

	
	
	5
	133.2; 135.0
	191.9
	–
	399.5; 401.1
	529.9; 532.0
	–
	706.9; 709.1; 712.0 
	1072.2
	1022.1

	
	
	10
	133.5; 135.0
	191.9
	–
	399.5; 401.1
	529.9; 531.9
	–
	706.9; 708.9; 711.7 
	1072.2
	1022.1

	
	
	15
	133.6; 135.2
	191.7
	–
	401.1
	529.9; 532.0
	–
	707.0; 709.4; 712.5
	1072.2
	1022.2

	
	
	20
	133.5; 135.0
	191.7
	–
	401.1
	529.8; 531.8
	–
	707.0; 709.4; 712.9 
	1072.2
	1022.2

	1.4 mmol/L F– + 5 g/L ZnNTP
	–0.77 (Open circuit)
	0
	133.4
	191.9
	–
	399.2
	531.0 532.4
	685.1
	709.5; 711.3; 713.5 (sat)
	1072.1
	1022.2

	
	–0.50 (Primary passivation)
	0
	133.3
	191.7
	
	399.1
	531.2 532.5
	685.2
	708.8; 710.3; 712.5; 
713.6 (sat)
	1072.1
	1022.1

	
	–0.05 (first segment of the passivity region)
	0
	133.2
	191.8
	–
	399.5
	531.0; 532.7
	685.2
	708.8; 710.4; 712.2; 
714.1 (sat)
	1071.9
	1022.3

	
	
	1
	133.4
	191.8
	–
	399.1; 400.6
	531.1; 532.5
	685.1
	708.2; 710.0; 711.9
	1072.1
	1022.3

	
	
	5
	133.3; 134.5; 135.5
	192.1
	–
	398.7; 400.2
	529.8; 531.9
	685.3
	706.4; 707.9; 710.3; 711.8; 713.8 (sat)
	1072.1
	1022.2

	
	
	10
	133.3; 134.4; 135.5
	191.6
	–
	398.9; 400.1
	530.2; 532.6
	685.5
	706.6; 710.2; 712.1
	1072.3
	1022.2

	
	
	15
	133.4; 134.5; 135.6
	191.8
	–
	398.9; 400.4
	530.6; 532.9
	685.4
	707.2; 710.1; 711.2
	1072.3
	1021.8

	
	
	20
	133.4; 134.5; 135.5
	191.7
	–
	398.6; 400.5
	530.2; 532.7
	685.5
	707.1; 710.2; 711.7
	1072.2
	1022.6

	
	
	30
	133.5; 134.5; 135.6
	191.7
	–
	399.1; 400.5
	530.5; 532.9
	685.5
	707.1; 709.4; 711.5; 
713.3 (sat)
	1072.4
	1022.7

	
	+0.65 (second segment of the passivity region)
	0
	133.3
	191.7
	–
	399.5
	530.1; 532.0
	685.2
	709.3; 711.0; 713.0 (sat)
	1072.1
	1021.8

	
	
	1
	133.4
	191.7
	
	399.8
	530.0; 531.6
	685.0
	709.0; 710.0; 711.8; 
713.2 (sat); 714.5 (sat)
	1072.2
	1021.7

	
	
	5
	133.4; 134.2;
135.2
	191.8
	–
	398.8; 400.1
	530.1; 532.0
	685.3
	706.9; 709.0; 710.6; 712.0; 713.5 (sat); 715.6 (sat)
	1072.3
	1021.7

	
	
	10
	133.3; 134.3;
135.2
	192.2
	–
	398.9; 400.0
	530.0; 531.8
	685.6
	707.0; 709.; 714.0 (sat)
	1072.3
	1022.2

	
	
	15
	133.3; 134.5; 135.5
	192.0
	–
	398.9; 400.2
	530.4; 532.1
	685.5
	707.3; 709.8; 711.6; 
713.9 (sat)
	1072.4
	1022.1

	
	
	20
	133.3; 134.5; 135.6
	192.3
	–
	399.0; 400.8
	530.4; 531.9
	685.6
	707.3; 709.5; 711.1;
714.0 (sat)
	1072.2
	1022.1

	
	+1.35 (Trans-passivity)
	0
	133.3
	191.8
	–
	399.5; 400.4
	531.5
	685.2
	710.0; 711.9; 714.1 (sat)
	1072.3
	1021.9


The uncertainty in determining the peak maximum is ±0.2 eV.
Supplement S5: The procedure used for calculating the atomic percentage of phosphorus
The atomic percentage of phosphorus in the initial ZnNTP inhibitor with respect to the total content of phosphorus in the analyzed specimen volume x(PZnNTP) gives the ratio


x(PZnNTP) = A/(A + B1 + B2),

(1)

where A is the integral intensity of the spectral feature at a binding energy of 133.3–133.5 eV corresponding to the initial ZnNTP inhibitor, whereas B1 and B2 are the integral intensities of the spectral contributions at 134.4–134.6 and 135.2–135.3 eV, respectively, both assigned to FeZnNTP complex. Similarly, the atomic percentage of phosphorus in the reaction product (1), FeZnNTP complex, is obtained from the relation


x(PFeZnNTP) = (B1 + B2)/(A + B1 + B2).
(2)
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