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1. Protonation studies of complex Ru(N;P;phen)
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Figure S1. Comparison of the evolution of the electronic absorption spectra of the compounds

Ru(N,P,phen) (a) and Ru(N;P;phen) (b) in water as a function of pH. Insets show the pH

dependence of the absorbance at A,,s= 335 nm.
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Figure S2. Spectrophotometric titration of Ru(N;P3;phen) in water. [Ru(N3;P;phen)] = 51 uM, 7 =0.1
M KCI, pH = 1.0-9.50.
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Figure S3. Absorbance changes with pH at 4 = 335 nm for Ru(N;P;phen) in water as a function of
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Figure S4. (a) UV-vis absorption spectra of Ru(N;P;phen) and [Ru(N;P;phen)H]" in water

calculated using HypSpec program.[!l (b) Species distribution diagram for the Ru(N3;P;phen)/H"

system in water calculated using HypSpec program.!!]
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Figure S5. (a) Fluorimetric titration of Ru(N,P,phen) in water. [Ru(N,P,phen)] = 6.6 uyM, /=0.1 M
KCl, 4 = 450 nm, pH = 1.1-9.6. (b) Fluorimetric titration of Ru(N;P;phen) in water.
[Ru(N;3;Psphen)] =4.7 uM, I = 0.1 M KCI, A¢, =450 nm, pH = 2.1-9.8.
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2. Sensing properties of complex Ru(N;P;phen)
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Figure S6. UV—vis absorption spectra of Ru(N;P;phen) ([Ru(N3;P;phen)] = 4.7 uM, 0.03M HEPES

buffer, pH = 7.4) before and after addition of 2 equiv. of metal perchlorates. The spectrum in the

presence of sodium perchlorate was recorded without HEPES buffer in deionized water at pH = 5.42.
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Figure S7. (a) Fluorescence spectra of Ru(N;P;phen) ([Ru(N;P;phen)] = 4.7 uM, 0.03M HEPES
buffer, pH = 7.4, Jox = 450 nm) before and after addition of 2 equiv. of metal perchlorates. (b)
Normalized fluorescence intensity of the studied solutions at A., = 600 nm. The spectrum in the

presence of sodium perchlorate was recorded without HEPES buffer in deionized water at pH = 5.42.
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Figure S8. (a) Evolution of the emission spectrum of Ru(N3;P;phen) ([Ru(N;P3;phen)] = 5.1 uM,
0.03M HEPES buffer, pH = 7.4, A, = 450 nm) upon addition of Cu(ClO4), (0—1.5 equiv.). (b) Changes

of the emission intensity as a function of the [Cu?"],,/[Ru(N3P3phen)]; ratio at A.,, = 600 nm.

90
—[Ru(N;Paphen)]
. 3r3 0
3
- 70 —[Ru(N3P3phen)]
— [Ru(N4P;phen)ICu 80
-‘g 373 — [Ru(N3P3phen)ICu
@ ~=50
= =
E o 40
30
20
10
. . —— . ) 0
. . B0 = G 750 0.E+00 1E-06 2E06 3E06 4E-06 5E06 6E06 7.E-06 8E06

[Cu*}ie M
Wavelength, nm

(@) (b)
Figure S9. (a) Normalized fluorescence spectra of Ru(N3;Ps;phen) and [Cu(Ru(N3;P3;phen))]?* in water

calculated using HypSpec program.!!l (b) Species distribution diagram for the Ru(N3;P3;phen)/Cu?*
system in water calculated using HypSpec program.!'l Data were fit with HypSpec using the following
model: Cu?* + L ¢ [CuL]*" (log B0 = 6.05(5)), L + H* ¢ LH* (log fo1 = 4.4), Cu** + H,O ¢
[Cu(OH)]" + H' (log Bio-1 = —7.95),21 Cu?* + 2H,0 ¢ Cu(OH), + 2H" (log B2 = —16.2),21 2Cu?* +
2H,0 ¢ [Cuy(OH),]*" + 2H* (log fro2 = —10.43).12] Detection limit of Cu?" (30): 0.02 uM (1.3 ppb).

S7



()

(b)

Absorbance

45 1

il [Cu®* 1,0/ [Ru(NzP3phen)] o
{ — 000 —0.04
35 —008 —012
—018 —0.23
30 4 “ok —om
0.49 0.54
25 4 059 —064
—070 —0.75
—0.80 —0.85
2.0 1 0.90 0.86
—1.02 —1.07
15 4 112 118
—1.26 —1.35
10 A 1 I l 1.45 :
05 4
0.0 T T T T ]
280 330 380 430 480 530
Wavelength, nm
055 -
__ 054 19
£ 99 o Experiment
£ ] e
3 i °,p + Calculation
2 "
8 0.52 4 o .
E O+
S 0511 i
32 N
< 0.50 4 50
690 0
0.49 - P00
% o 0 ¢ ®
048 T v .
0.00 0.50 1.00 1.50

[Cu* 1,0/ [Ru(N3P3phen)] o

Figure S10. (a) Evolution of the UV—vis absorption spectrum of Ru(N;P;phen) ([Ru(N;P;phen)] =
64 uM, 0.03M HEPES buffer, pH = 7.4) upon addition of Cu(ClO4)2 (0—1.5 equiv.). (b) Changes of the

absorbance as a function of the [Cu?"],/[Ru(N3P3;phen)],, ratio at 1 =389 nm.
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Figure S11. (a) UV-vis spectra of Ru(N3;Ps;phen) and [Cu(Ru(N3;Ps;phen))]*" in water calculated

using HypSpec program.[!! (b) Species distribution diagram for the Ru(N;P;phen)/Cu?* system in

water calculated using HypSpec program.[!) Data were fit with HypSpec using the following model:
Cu?* +L ¢ [CuL]* (log Bi10=5.97(2)), L + H* ® LH" (log fo11 = 4.4), Cu>* + H,O ¢ [Cu(OH)]" + H*
(log Bio1 = =7.95),121 Cu?>* + 2H,0 ¢ Cu(OH), + 2H' (log S = —16.2),21 2Cu*" + 2H,0 ¢
[Cuy(OH),J>* + 2H* (log o 2 = —10.43).1%]
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3. Structural studies of the copper(Il) complex of Ru(N;P;phen)
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Figure S12. ESI-HRMS spectra of the {Cu[Ru(N3;P;phen)]}(ClO,), complex.
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4. DFT studies of the zinc complex with Ru(N;P;phen)

Figure S15. DFT calculated geometry of the bimetallic {Zn[Ru(N3;Ps;phen)]}*" complex at the
B3LYP/6-31G(d,p) level (see text). The more stable fac-isomer is shown. Color code for the atoms: C
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5. Characterization of Ru(N,P,phen)@TiO; and Ru(N;P;phen)@TiO,
Table S1. Chemical composition of Ru(N,P,phen)@TiO, and Ru(N;P;phen)@TiO, materials.

Elemental analysis?

Material Calculated formula
%C %H %N %Ti %P %Ru

(C40H42N1008P2RU)(PF6)0_5BT1_5(Ti02)74 found 10.75 2.49 2.19 42.14 0.92 1.20

(H20)44(C3H0H) 1 (C3H/NO)o 5 caled 1034 254 208 4178 091 1.9

Ru(N,P,phen)@TiO,

(C45H53N12012P3RU)(PF6)0‘5BI'1'5(Ti02)71 found 10.26 2.48 2.32 41.23 1.30 1.22

(H20)49(C3H,0H)5(C;H/NO)o 5 caled 1036 276 229 4098 131 122

Ru(N;P;phen)@TiO,

a P, Ti, and Ru contents were determined by ICP-OES and C, H and N contents were found by combustion analysis.

Table S2. Chemical composition of solids Ru(N,P,phen)@TiO, and Ru(N;P;phen)@TiO,.

Elemental analysis?

Material Calculated formula
N/P Ti/P Ti/N Ti/Ru N/Ru  P/Ru

(C40H42N1003P2R11)(PF6)05BI'15(T102)74 found 5.3 29.6 5.6 74.1 13.2 2.5

(H20)44(C3H7OH) 11 (C3H7NO)0.5

Ru(N,P,phen)@TiO,
caled 5.0 29.6 59 74.0 12.6 2.5

(C45H53N12012P3RU)(PF6)0,5B1'1,5(Ti02)7| found 39 20.5 5.2 71.3 13.7 35

(H20)49(C3H,0H)5(C3H/NO)o 5 caled 39 203 52 710 136 35

Ru(N;P;phen)@TiO,

a P, Ti, and Ru contents were determined by ICP-OES and C, H and N contents were found by combustion analysis.

Ru(N2P2,phen)@TiO,

(a) (b)
Figure S16. (a) Picture of the Ru(N,P,phen)@TiO, material taken under visible (top) and UV

(bottom) light. (b) Schematic presentation of Ru(N,P,phen)@TiO,.

Ru(N3;P3;phen)@TiO,

(a) (b)
Figure S17. (a) Picture of the Ru(N3;P;phen)@TiO, material taken under visible (top) and UV

(bottom) light. (b) Schematic presentation of Ru(Nz;P;phen)@TiO,.
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Figure S18. FTIR spectrum of Ru(N,P,phen)@TiO, (neat).
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Figure S19. FTIR spectrum of Ru(N3;P;phen)@TiO, (neat).
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Emission Intensity
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Figure S20. Emission spectra of (a) Ru(N,P,phen)@TiO, (powder, Ay = 450 nm) and (b)
Ru(N;P3;phen)@TiO, (powder, Aex =450 nm).
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Comment [MM]: The range is not
1 matching with the conc. given in the

6. Studies of sensing properties of Ru(N,P,phen)@TiO,
Figure.

The color code should be given

Ru(N,P,phen)@TiO,

Ceum =0, 10°%, 104, 10°M

Intensity
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Figure S21. Evolution of the average emission spectrum of a suspension of Ru(N,P,phen)@TiO, in

water (Lex = 380 nm) in the presence of Cu(ClO4)2 (¢ = EFIO*3 ]\/H)
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7. Sorption studies of Cu?* ions by TiO, and Ru(N;P;phen)@TiO,.

Ru(N3;P3;phen)@TiO,

Procedure. To a standard solution of Cu(CIOy),; (¢ = 133.5 uM = 8545 ng/L), the sorbent was added
in a glass vial in air. The suspension was stirred with a magnetic stirrer for 15 min. About 1 mL was
passed through a Nylon Syringe Filter (0.22 um) before the copper concentration in the filtrate was
determined by ICP-OES. The loads and the results are summarized in Table S3.

Table S3. Adsorption of Cu(Il) ions by TiO, and Ru(N3;P;phen)@TiO,,

Sorbent Sorbent Cu(ClOy,), solution Cu/Ru molar ratio [Cu] in the filtrate?
(mg) (mL) (ng/L)
TiO, 9 12 - 7879.4
Ru(N3;P;phen)@TiO, 10 3 0.33 702.1
Ru(N3;P3;phen)@TiO, 10 12 1.23 4371.8

2 Copper(II) concentrations before and after sorption (15 min, r. t.) by the studied solid were determined by ICP-OES.

-—  centrifugation :
=

Figure 22. Picture of a suspension of Ru(N;3;P;phen)@TiO; in water before and after centrifugation.
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Figure S24. 3C NMR spectrum of N3P;phen (CDCls, 100.6 MHz, 300 K).
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Figure S25. 3'P NMR spectrum of N3Psphen (CDCl;, 162.5 MHz, 300 K).
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