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1. Experimental conditions

Table S1. The conditions of experiments. The values of initial reagent concentration, i.e.: Pd(II) ions and tropaeolin OO
before mixing. Total volume of reagents V =4 mL.

Initial concentration of

Volumetric ratio of TR

reagents to Pd(II) ions (sample T pH
notation)
Co,1r, mol/dm3 Cora, V1R : Veday, mL/mL °C
mol/dm3
The stoichiometry
0.5:3.5(A) 20 2.09-6.09
1.0:3.0 (B) (B-R)
5-10° 5-10% 15:2.5(C)
2.0:2.0(D) and
2.5:15(E)
3.0:1.0 (F) 4-5
3.5:0.5(G) (H20)
The influence of pH
5-10% 5-10% 15:25 20 2.09
2.87
4.10
5.02
6.09
7.00
The influence of temperature
5-10% 5-10% 15:25 20 4.10
30
40
50
60

The influence of other anions (Cl, CIOx )

The concentration of anions in the sample was set as 0.075 mol/dm?

5-10° 5-10° 1.5:25 50 4.10

The influence of other cations (Na*, K*, Al**, Mg, Co?, Ni?*, Zn%, Pt%)




The concentration of cations in the sample was set as 0.075 mol/dm?

5-10° 5-10% 1.5:25 50 4.10
The Pd(Il) quantitative determination in the presence of Pt(IV)

5-10° 5-10° 1.5:25 60 4.10

5-10¢ 5-10¢

1-10% 1-10°

1- 10 1- 10+

2-10+ 2-10+

2. Spectra of reagents

Before synthesizing metalorganic complexes, the proper reagents i.e. solution of tropaeolin
OO (TR) and Pd(ll) ions in H20 and B-R buffer (pH = 2.09 — 6.09) as solvent were
spectrophotometrically analyzed. Obtained spectra for an aqueous solution of TR and

determining molar coefficient (¢) were shown in Fig. S1 — Fig. S6.
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Figure S1. The spectra UV-Vis of tropaeolin OO aqueous solutions (H20 as solvent) with different initial
concentrations: A — 6.25-10% mol/dm?3; B — 1.25-10-5 mol/dm3; C — 1.87-10® mol/dm?* D - 2.5-10°5

mol/dm3 E — 3.125:10°% mol/dm3? F — 5:105 mol/dm3 (a), dependency of absorbance vs. initial

concentrations of tropaeolin OO in the range 6.25-10¢ mol/dm? to 5-10-5 mol/dm?3, wavelength: 272 nm and

445 nm, (b). Conditions: T = 20°C, path length 1 cm.



The aqueous solutions of TR have a characteristic UV-Vis spectrum with two maximum
localized at 272 nm and 445 nm (Fig. S1a). According to Lambert-Beer law, the intensity
of the spectrum is directly proportional to the concentration of dye (Fig. S1b). Based on
these results (absorbance vs. concentration, Fig. S1b), the values of molar coefficients
from the slope of the fitted curve to experimental data were determined and equal € (272
nm) = 11 458 + 130 M"-cm" and ¢ (445 nm) = 22 350 + 59 M-"-cm-".

Analogous spectra were registered for TR in the B-R buffer solution. The obtained spectra

and graphically determining values of molar coefficient at different pH of the solution were
shown in Fig. S2 — S6.
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Figure S2. The spectra UV-Vis of tropaeolin OO aqueous solutions (B — R buffer as solvent) at different initial
concentrations: A — 6.25-10-¢ mol/dm3; B —1.25-10-5 mol/dm?3; C — 1.87-10° mol/dm?3; D = 2.5-10-% mol/dm?3;
E - 3.125-10°° mol/dm?3; F — 5-10°° mol/dm? (a), dependency of absorbance vs. initial concentrations of
tropaeolin OO in the range 6.25-10-6 mol/dm3 to 5-10-° mol/dm?3, wavelength: 270 nm and 460 nm, (b).
Conditions: T = 20°C, path length 1 cm, pH= 2.09.
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Figure S3. The spectra UV-Vis of tropaeolin OO aqueous solutions (B — R buffer as solvent) at different initial
concentrations: A — 6.25-10¢ mol/dm3; B —1.25-10-5 mol/dm?3; C — 1.87-10° mol/dm?3; D = 2.5-10-% mol/dm?;
E - 3.125:10°° mol/dm?; F — 5:10° mol/dm? (a), dependency of absorbance vs. initial concentrations of
tropaeolin OO in the range 6.25-10-6 mol/dm3 to 5:10° mol/dm?3, wavelength: 270 nm and 445 nm, (b).
Conditions: T = 20°C, path length 1 cm, pH= 2.87
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Figure S4. The spectra UV-Vis of tropaeolin OO aqueous solutions (B — R buffer as solvent) at different initial
concentrations: A — 6.25-10¢ mol/dm3; B—1.25-10-5 mol/dm?3; C — 1.87-10° mol/dm?3; D — 2.5-10-% mol/dm?3;
E - 3.125:10°° mol/dm?; F — 5:10° mol/dm?> (a), dependency of absorbance vs. initial concentrations of
tropaeolin OO in the range 6.25-10-6 mol/dm3 to 5-10-° mol/dm?3, wavelength: 270 nm and 460 nm, (b).
Conditions: T = 20°C, path length 1 cm, pH=4.10
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Figure S5. The spectra UV-Vis of tropaeolin OO aqueous solutions (B — R buffer as solvent) at different initial
concentrations: A — 6.25-10-6 mol/dm3; B — 1.25-10-5 mol/dm?3; C — 1.87-10° mol/dm3; D — 2.5-10-% mol/dm?3;
E - 3.125:10°° mol/dm?; F — 5:10°° mol/dm? (a), dependency of absorbance vs. initial concentrations of
tropaeolin OO in the range 6.25-10-6 mol/dm3 to 5:10° mol/dm?3, wavelength: 270 nm and 445 nm, (b).
Conditions:, T = 20°C, path length 1 cm, pH= 5.02.
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Figure S6. The spectra UV-Vis of tropaeolin OO aqueous solutions (B — R buffer as solvent) at different initial
concentrations: A — 6.25-10-¢ mol/dm3; B—1.25-10-5 mol/dm?3; C — 1.87-10°° mol/dm?3; D — 2.5-10-% mol/dm?3;
E - 3.125:10°° mol/dm?; F — 5:10° mol/dm? (a), dependency of absorbance vs. initial concentrations of
tropaeolin OO in the range 6.25-10-6 mol/dm3 to 5:10° mol/dm?3, wavelength: 270 nm and 445 nm, (b).
Conditions:, T = 20°C, path length 1 cm, pH= 6.09



The characteristic UV-Vis spectra and graphical determined value of molar coefficient were

registered for Pd(ll) aqueous solution and shown in Fig. S7.
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Figure S7. The spectra UV-Vis of Pd(Il) aqueous solutions (H20 as solvent) with different initial
concentrations: A — 5:10°° M; B — 3.75-10° M; C - 3.125-10°* M; D — 2.5:10°° M; E — 1.875:10° M (a),
dependency of absorbance vs. initial concentrations of Pd(ll) in the range 1.875-10> M to 5-10°° M (b).
Conditions: T = 20°C, path length 1 cm.

The aqueous solutions of Pd(ll) ions have a characteristic UV-Vis spectrum with two
maximum and two shoulders (between 220 and 320 nm) (Fig. S7a). One strong peak is
located at 209 nm whereas the second with small intensity at around 420 nm. Based on
obtained spectra, the values of the molar coefficient were determined from the slope of the
fitted curve to experimental data (Fig. S7b) and it equals € (209 nm) = 26 547 + 449 M-
.cm™'. Registered UV-Vis spectra (Fig. S1a and S7a) of reagents show, that in the range

of wavelength 200 — 350 nm they overlap.

3. Metalorganic complex formation between Pd(ll) and TR (at different pH)



1.2 12
I “‘
1.04 100
1 —— G 1
1 I AN— G
20.8- mos:ﬂ
- < “\
(0] 8 [
&0.6- g(Lﬁ-W
2 Q “
o o)
Dyall ]
204 2
0.2
0.0 ) 0.0 \

wavelength, nm

(a)

—
(]

200 300 400 500 600 700 800 900

—_
o
L

absorbance, a.u.
© o o
N D (00]

o
N
1

\\ J// —
Ny ——\
NN S

N e

0.0

wavelength, nm

(c)

200 300 400 500 600 700 800 900

200 300 400 500 600 700 800 900

wavelength, nm

(b)

Figure S8. The UV-Vis spectra of solutions obtained after mixing of Pd(ll) ions with tropaeolin at different
volumetric ratio (Veamy : V1r): 3.5: 0.5 (A); 3.0: 1.0 (B); 2.5:1.5(C); 2.0: 2.0 (D), 1.5: 2.5 (E); 1.0 : 3.0 (F),
0.5 : 3.5 (G) after: 5 min (a), 24 hours (b), 7days (c). Conditions: Co, paay = Co, TR = 5-10-5 mol/dm? (before
reagent mixing), T = 20°C, pH = 2.09.
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Figure S9. The UV-Vis spectra of solutions obtained after mixing of Pd(ll) ions with tropaeolin at different
volumetric ratio (Vequy : VTr) 3.5:0.5 (A); 3.0: 1.0 (B); 2.5:1.5(C); 2.0:2.0 (D), 1.5: 2.5 (E); 1.0 : 3.0 (F),

0.5 : 3.5 (G) after: 5 min (a), 24 hours (b), 7days (c). Conditions: Co, pdaay = Co, TR = 5-10-5 mol/dm? (before
reagent mixing), T = 20°C, pH = 2.87.



—
(]

1.2+
| G ‘(
1.04 1.04 G
. I
=} i I
5081 mo.a-\
g g 1
o sl - 2 sl
(BO'G""?;} CUO'6_ |
= “' 2 A .
g B04l
204 20.4-
(] © \N TN
0.21
A
, A
AN\
0 . 0 T T T \\%Nﬂl- TW?——;
200 300 400 500 600 700 800 900

0-0 T T T T T T
200 300 400 500 600 700 800 900

wavelength, nm wavelength, nm

(a) (b)
127
1.04
“ G
5 |
o I
2
0.6
2
8 %
20.4
CU / N\
0.2 PN\
AN A

.0 T T T T - Vilii —
200 300 400 500 600 700 800 900
wavelength, nm
(c)
Figure S10. The UV-Vis spectra of solutions obtained after mixing of Pd(ll) ions with tropaeolin at different
volumetric ratio (Veamy : VTr) 3.5: 0.5 (A); 3.0: 1.0 (B); 2.5:1.5(C); 2.0:2.0 (D), 1.5: 2.5 (E); 1.0 : 3.0 (F),

0.5 : 3.5 (G) after: 5 min (a), 24 hours (b), 7days (c). Conditions: Co, pauy = Co, TR = 5:10-® mol/dm3 (before
reagent mixing), T = 20°C, pH = 4.10.
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Figure S11. The UV-Vis spectra of solutions obtained after mixing of Pd(ll) ions with tropaeolin at different
volumetric ratio (Veam : VIr) 3.5: 0.5 (A); 3.0:1.0(B); 2.5:1.5(C); 2.0: 2.0 (D), 1.5: 2.5 (E); 1.0: 3.0 (F),

0.5 : 3.5 (G) after: 5 min (a), 24 hours (b), 7days (c). Conditions: Co, pduy = Co, TR = 5:10-® mol/dm3 (before
reagent mixing), T = 20°C, pH = 5.02
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Figure S12. The UV-Vis spectra of solutions obtained after mixing of Pd(ll) ions with tropaeolin at different
volumetric ratio (Veamy : V1r) 3.5: 0.5 (A); 3.0:1.0(B); 2.5:1.5(C); 2.0: 2.0 (D), 1.5: 2.5 (E); 1.0: 3.0 (F),

0.5 : 3.5 (G) after: 5 min (a), 24 hours (b), 7days (c). Conditions: Co, pda(y = Co, TR = 5-10-5 mol/dm? (before
reagent mixing), T = 20°C, pH = 6.09.
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Figure S13. The UV-Vis spectra of solutions obtained after mixing of Pd(ll) ions with tropaeolin at different
volumetric ratio (Veamy : V1r) 3.5: 0.5 (A); 3.0: 1.0 (B); 2.5:1.5(C); 2.0: 2.0 (D), 1.5: 2.5 (E); 1.0: 3.0 (F),
0.5:3.5(G), past 24h (a) and 7 days (b). Conditions: Co,tr = Co,pda¢)y= 5-10° mol/dm3 (before reagent mixing),
T =20°C, pH = 2.09.
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Figure S14. The dependency of absorbance vs. ratio of tropaeolin to Pd(ll) volumes, registered at 540 nm

0

(a); and at 703 nm (b) past 24h. Conditions: Co,1r = Co,pa(y = 5-10-% mol/dm?3, total volume of reagent = 4.0
mL, T = 20°C, pH = 2.09.
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Figure S$15. The dependency of absorbance vs. ratio of tropaeolin to Pd(ll) volumes, registered at 540 nm

(a); and at 703 nm (b) past 7 days. Conditions: Co,tr = Co,pday = 5-10-° mol/dm3, total volume of reagent = 4.0
mL, T = 20°C, pH = 2.09.
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Figure S16. The UV-Vis spectra of solutions obtained after mixing of Pd(ll) ions with tropaeolin at different
volumetric ratio (Veamy : V1r) 3.5: 0.5 (A); 3.0: 1.0 (B); 2.5:1.5(C); 2.0: 2.0 (D), 1.5: 2.5 (E); 1.0: 3.0 (F),
0.5:3.5(G), past 24h (a) and 7 days (b). Conditions: Co,tr = Co,pda¢)y= 5-10° mol/dm3 (before reagent mixing),
T =20°C, pH = 2.87.
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Figure S17. The dependency of absorbance vs. ratio of tropaeolin to Pd(ll) volumes, registered at 540 nm
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Figure S18. The dependency of absorbance vs. ratio of tropaeolin to Pd(ll) volumes, registered at 540 nm
(a); and at 703 nm (b) past 7 days. Conditions: Co,tr = Co,pam = 5-10-° mol/dm3, total volume of reagent = 4.0
mL, T = 20°C, pH = 2.87.
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Figure S19. The UV-Vis spectra of solutions obtained after mixing of Pd(ll) ions with tropaeolin at different
volumetric ratio (Veamy : V1r) 3.5: 0.5 (A); 3.0: 1.0 (B); 2.5:1.5(C); 2.0: 2.0 (D), 1.5: 2.5 (E); 1.0 : 3.0 (F),
0.5:3.5(G), past 24h (a) and 7 days (b). Conditions: Co,Tr = Co,pdq))= 5-10-° mol/dm? (before reagent mixing),
T =20°C, pH=4.10.
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Figure $20. The dependency of absorbance vs. ratio of tropaeolin to Pd(ll) volumes, registered at 559 nm
(b); and at 703 nm (c) past 24h. Conditions: Co,tr = Co,paq) = 5-10-5 mol/dm3, total volume of reagent = 4.0
mL, T = 20°C, pH =4.10.
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Figure S21. The dependency of absorbance vs. ratio of tropaeolin to Pd(ll) volumes, registered at 559 nm
(b); and at 703 nm (c) past 7 days. Conditions: Co,tr = Co.pdqiy= 5-10-° mol/dm3, total volume of reagent = 4.0
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Figure S22. The UV-Vis spectra of solutions obtained after mixing of Pd(ll) ions with tropaeolin at different
volumetric ratio (Veam : V1r) 3.5: 0.5 (A); 3.0: 1.0 (B); 2.5:1.5(C); 2.0: 2.0 (D), 1.5: 2.5 (E); 1.0: 3.0 (F),
0.5:3.5(G), past 24h (a) and 7 days (b). Conditions: Co,Tr = Co,pdq))= 5-10-° mol/dm? (before reagent mixing),
T =20°C, pH = 5.02.
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Figure S23. The dependency of absorbance vs. ratio of tropaeolin to Pd(ll) volumes, registered at 551 nm
(b); and at 703 nm (c) past 24h. Conditions: Co,7r = Co,pa(y = 5-10-5 mol/dm3, total volume of reagent = 4.0
mL, T =20°C, pH = 5.02.
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Figure S24. The dependency of absorbance vs. ratio of tropaeolin to Pd(ll) volumes, registered at 551 nm
(b); and at 703 nm (c) past 7 days. Conditions: Cotr = Co,paaiy= 5°10-°> mol/dm?3, total volume of reagent = 4.0
mL, T = 20°C, pH = 5.02.

4. DFT calculations for Tropaeolin OO
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Figure S25. The HOMO and LUMO for tropaeolin OO.
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Figure $26. The HOMO and LUMO for complex TR-Pd 1
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5. The influence of temperature

Table S2. The change of wavelength at which the maximum on UV-Vis spectrum was observed. Conditions:
the value of concentration of Pd(II) ions after mixing with tropaeolin: Como = 1.875- 10-> mol/dm?, Co,pam = 3.125-
10 mol/dm?, T = 20-60°C, pH = 4.1. Spectra recorded after 17.5 hours.

Temperature M A2 As A4
[°C] nm nm nm nm
20 277 355 544 703
30 280 355 550 703
40 280 355 553 703
50 280 359 560 703
60 280 358 573 703

6. The influence of chloride ions on process of Pd(ll) ions determination
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Figure S27. The UV-Vis spectra coming from solution contains the mixture of tropaeolin with Pd(Il) and
different concentrations of Cl~ (0,1M - 0,0005M), after 5 min. Conditions: volumetric ratio: 2,5mL Pd(ll) :

1,5mL TR, the value of concentration of reagents after mixing: TR= 1,875-10 mol/dm3, Pd(ll)= 3,125-10%
mol/dm3, pH = 4.10, temperature 50°C.
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7. The influence of chlorate ions on process of Pd(ll) ions determination

0.8 0.6 ‘\
| |
| |
| A B C D OE T M. o5 CoDE ¥
064 ]
> ‘ S |
© “w‘ ——0.0005M o 047 |
- \ ——0.001M -
8 \ /M ~ 0.005M 8 A
€044 | / -~ 0.01M c N
s \ 0.05M 3 /o
= \ 0.1M e /o
8 \ 8 \
Re) \g,\ _002' ‘ {9‘ \
To2¢ N \ |
\ o \
0.0 T T T k“"\,,wl = f — 0_0 . . : : : TR» -
200 300 400 500 600 700 800 900 200 300 400 500 600 700 800 900
wavelength, nm wavelength, nm
(a) (b)
0.4
. 0.31
=3
©
o)
e
5 0.2
2
o
@
G
0.1
0.0

200 300 400 500 600 700 800 900
wavelength, nm

(c)

Figure S28. The UV-Vis spectra coming from solution contains the mixture of tropaeolin with Pd(Il) and
different concentrations of ClOs A: 0.1 mol/dm?3, B: 0.05 mol/dm3, C: 0.01 mol/dm3, D: 0.005 mol/dm?3, E:
0.001 mol/dm3, F: 0.0005 mol/dm? after (a) 5 min, 1 h, (b) 24 h. Conditions: volumetric ratio: 2.5 mL Pd(ll) :
1.5mL TR, the value of concentration of Pd(ll) ions after mixing with tropaeolin TR = 1.875-10-5 mol/dms,
Pd(ll) = 3.125-10-5 mol/dm3, pH = 4.10, temperature 50°C.
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8. The influence of presence other cations on process of Pd(ll) ions
determination
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Figure S29. The evolution of UV - Vis spectra solutions containing Pd(ll) and other metal cations (a), mixing
Pd(ll), tropaeolin and other metal cations: Zn2* (b), Ni2*(c), Mg?* (d), K* (e), Co?* (f), AI¥*(g), after 5 min, 1 h
and 24 h in temperature 20°C and 50°C. Conditions: Co,1r = 1,875-10-5 mol/dm?3, Co,pau)=3,125-10-5> mol/dm3,
Co,anions = 0.0625 mol/dm3, volumetric ratio mixing Pd(ll) ions and tropaeolin 2.5mL: 1.5mL, pH = 4.10.
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Figure S30. The evolution of UV - Vis spectra solutions containing TR, Pd(ll), Pt(IV) and Co(ll), single Co(ll)

ion and subtracting both spectra, after 1 h in temperature 50°C. Conditions: Cor =

1,875-10"° mol/dms3,

Co.pdm=3,125-10-5 mol/dm3, Co,co = 0.0625 mol/dm3, volumetric ratio mixing Pd(ll) ions and tropaeolin 2.5mL:

1.5mL, pH = 4.10.
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Figure S31. The colour change of mixture solutions containing Pd(ll), tropaeolin and other metal cations:
Zn%*, Ni?*, Mg?, K*, Co?*, AP*, after 5min, 1h and 24h in temperature 20°C and 50°C.
Conditions: Co,1r = 1,875°10% mol/dm3, Co pdqn= 3,125-105 mol/dm3, Co,anions = 0.0625 mol/dm3, volumetric
ratio mixing Pd(ll) ions and tropaeolin 2.5mL: 1.5mL, pH = 4.10.
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Figure S32. The UV-Vis spectra coming from solution contains single Pt(Il), Pt(IV), mixing Pd(ll) + Pt(ll) and
Pd(ll) + Pt(IV) (a). Mixture of tropaeolin with Pt(IV) + Pd(ll) after 5 min, 1 h and 24 h (b). Conditions: Co,1r =

1.875-10-% mol/dm?3, Coptyrtav)= 3.125-10-° mol/dm?3, volumetric ratio mixing Pd(Il) ions and tropaeolin 2.5mL:
1.5mL, pH =4.10, T = 50°C .
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9. Applying proposed method in the practice for spectrophotometric

determination of Pd(ll) ions.
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Figure S33. The UV-Vis spectra coming from solution contains tropaeolin in concentration range from
5-10€ M to 2-10* M (a), mixture of Pd(ll) Pt(IV) in concentration range from 5-10% mol/dm3 to 2-10* (b),
mixing of Pd(ll), Pt(IV), TR after 5 min; (c) 24h (d). Conditions: Co tricordqny = 5-10 mol/dm?3, 5-10-° mol/dm3,

1:10% mol/dm3, 1-104 M, 2:10 mol/dm3, Coptav) = 5:10-% mol/dm?, volumetric ratio mixing Pd (ll) ions and
tropaeolin 2.5mL: 1.5mL, pH = 4.10, T=60°C.
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Figure S34. The UV-Vis spectra coming from solution contains mixing of Pd(ll), Pt(IV), TR after 24 h (a),
dependency of absorbance vs different concentrations of Pd (Il) ions after 24 h, in wavelength: 578 nm and

708 nm (b). Conditions: Co Tricopdqry = 5-10-6 mol/dm3, 5-10-5 mol/dm3, 1-10-5 mol/dm3, 1-10-4 mol/dm3, 2-104
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mol/dm3, Coptav) = 5-10-% mol/dm3, volumetric ratio mixing Pd (Il) ions and tropaeolin 2.5mL: 1.5mL, pH =

4.10, T=60°C.

Figure S35. The colour change of mixture solutions containing TR, Pd(ll), Pt(IV) ions, after (a) 5min; (b) 1h;
(c) 24h, with different concentrations of Pd(Il) and TR: A - 5-10% mol/dm?3,; B—5-10°*M; C -1:10* M M; D —
1-10* M, M; E-2-10* M. Conditions: Co Tricordn = 5106 mol/dm3, 5:10-° mol/dm3, 1:10-° mol/dm3, 1-10+*
mol/dm3, 2-104 mol/dm3, Cortav) = 5:10-5 mol/dm3, volumetric ratio mixing Pd(ll) ions and tropaeolin OO

2.5mL: 1.5mL, pH =4.10, T=60°C
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