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Abstract: Bromide ions are present in many environments, such as sedative drugs, methyl-bromide-
treated vegetables and seawater. Excess bromide in humans interferes with iodide metabolism and
is considered toxic. The need for fast and inexpensive methods for bromide detection is of interest.
Spectrophotometric detection methods provide accurate and sensitive results. The well-known ability
of metalloporphyrins to bind anionic ligands to the central metal ion has been exploited. The changes
in the optical properties of Pt(II) 5,10,15,20-tetra(4-methoxy-phenyl)-porphyrin (PtTMeOPP) under the
influence of bromide ions allowed us to achieve a fast, simple and reliable UV-vis spectrophotometric
method of detection with a detection limit of 2.5 x 1078 M and a good confidence coefficient: 99.05%.
The potential interfering ions, such as C17, I", NO,~, NO3;~, SCN~, S0527, SO, and PO,3~ of
100-fold higher and CI~ and R-S™ of 1000-fold higher concentrations in the mixture as compared to
the determined concentration of bromide ions (c = 10~ M), were tested and did not influence the
results. The behavior of the sensitive porphyrin in various pH media was investigated in order to
determine their influence upon the bromide detection capacity.

Keywords: Pt(II)-metalloporphyrin; UV-vis spectroscopy; AFM; bromide detection; potentiometric
titration; real samples validation

1. Introduction

Bromide is an essential element for animals; its deficiency leads to dysfunctions of physiology as
it is involved in collagen synthesis [1]. The concentration of bromide in human blood (5.3 + 1.4 mg/dL)
varies with age, gender and the diet of the investigated patient [2]. It was established that high levels
of bromide lead to growth retardation and insomnia as well as iodide accumulation in thyroid and
skin and finally produces an increase in iodide excretion by the kidneys [3].

The detection of bromide ion in human biological samples (blood, saliva or urine) is
important because the bromide ions might exceed the normal concentration due to the ingestion of
sedative-hypnotic drugs [4,5] or foods treated with pesticides [6]. For example, bromide used as a
sedative drug [4] was detected in concentrations of 10 mM in the blood serum of patients.

Intoxication with another sedative known as calcium bromo-galactogluconate (Calcibronat@—
Novartis Pharma SA France, each tablet containing 2 g calcium bromogalactogluconate or 301 mg
of elemental bromide) leads to headache, agitation, weakness, slurred speech, confusion, ideations,
hallucinations, stupor and even coma [5]. The high serum bromide concentration of 1717 mg/L
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(21.5 mEq/L), represents severe intoxication and was measured from blood serum by inductively
coupled plasma mass spectrometry.

On the other hand, a pesticide gas, methyl bromide (efficient against insects, mites, molds,
nematodes, weeds, viruses and bacteria) with a high rate of penetration, used for food conservation,
can lead to unconsciousness and finally death of the handling personnel due to prolonged exposure [6].
For example, the colorimetric detection of bromide from rice samples treated with methyl bromide,
based on gold nanoparticles in the presence of Cr** to prevent Au aggregation, proved to be a sensitive
and robust method.

Although there are commercially available Bromide Ion-Selective Electrodes (ELIT 8271, from
NICO2000 Ltd, 62 Pebworth Road, Harrow, Middlesex, HA1 3UE, UK) designed for the detection of
bromide ions in aqueous solutions, a more efficient potentiometric solid-contact ion-selective electrode
was developed based on meso-tetraphenylporphyrin manganese(Ill)-chloride [7] that is able to detect
bromide ions in a lower concentration range from 0.010 to 1.0 uM.

Different methods were performed over a specific time period to improve the accuracy, the
limit of detection, the time of detection, the stability, the robustness and to limit the cost of bromide
detection—the most important are summarized and presented together with their advantages and
drawbacks in Table 1.

Table 1. Summary of bromide detection methods.

Detection Method Sensitive Compound/Sample Preparations Detection Limit/Sample Advantages Draw-Backs Reference
Inductively coupled 1717 mg/L/from blood . -
plasma mass serum Very expensive [5]
spectrometry
Inductively .
coupled plasma mass 0.68 ng/g/from different Accurate Very expensive [8]
vegetables
spectrometry
Inductively coupled Microwave-induced combustion and Microwave-assisted
lasmaymasf microwave-assisted alkaline dissolution were 0.052 pg mL~!/from alkaline dissolution 9]
5 ectrometr considered suitable for sample preparations of human saliva is more efficient for
P y Br and I in saliva by ICP-MS sample preparation
y ple prep
Colorimetric AuNPs aggregation capacity in the presence of ~ 3.12-5.21 mg kg~ !/from Robust, selective, 6]
detection Br~ prevented by Cr3* rice precise
Thin layer Metallic sodium for sodium fusion with halide =~ Unprecise/from synthetic Obsolete and [0]
chromatography ions solutions dangerous
Head-space gas
chromatography
(GC) and ion 7.7 mg/'L/fr‘om human Accurate Expensive 1]
chromatography urine
coupled with a
conductive detector
Ion chromatography .
with ultraviolet Extraction in ionic liquids 0.16 mg/L/from No mﬂu,enc,e of [12]
. underground water other halide ions
detection
Liguid sandard method
chroma?gﬁ;aphy of 0.05 mg/l/from tap water last reviewed and [13]
h confirmed in 2016
fon exchan'ge 100 ng/mL/from river Rapid, inexpensive )
coupled with . [14]
. water, ground water and simple
chemo-luminescence
Automatic flow 1
analysis, Luminol, T-chromate 89ugL A/ from Precise Expensive [15]
! L-alanine
chemo-luminescence
Deprotonated form of 2, 8, 12, 3 x 1078 M/from Sensitive
Spectrophotometry 18-tetramethyl-3,7,13,17-tetrabutyl-H21, synthetic inex ensiv/e [16]
H23-porphine solutions P
Polyethyleneimine-capped Ag nanoclusters as Simple, rapid,
Spectrophotometry yery’ pped A8 1 0.1-14 uM/from water reliable, [17]
fluorescent and colorimetric platform . .
inexpensive
Energy dispersive 197 pg/mLffrom Indlcat.or f(l)r Low sen§1t1v1ty, i
X-ray fluorescence o drowning in long time, [18]
drowned bodies ;
spectrometry seawater tedious
Flow injection 50.0 nM/from water,
analysis coupled pharmaceutical

with amperometric
detection

Platinum electrode

preparations and
biological material

Fast, accurate

[19]
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Table 1. Cont.

Detection Method Sensitive Compound/Sample Preparations Detection Limit/Sample Advantages Draw-Backs Reference
. Meso-tetraphenylporphyrin 0.010-1.0 uM/from water, -
Potentiometry manganese(III)-chloride synthetic solutions Efficient 1

Pt(II)
5,10,15,20-tetra(4-methoxy-phenyl)-porphyrin

—6
as ionophore, dioctylphtalate (DOP) as 8> 107 M/from

Fast, sensitive and

Potentiometry plasticizer, polyvinylchloride (PVC) as support syntl’:tlc SOlutt(_mi and reliable (201
and tridodeocylmethylammonium chloride pharmaceuticals
(TDMAC]) as additive
Segmented flow Oxidation of bromide to bromine by
analysis in chloramine-T, followed by electrophilic No interference
automated Phenol substitution of the bromine on phenol red (PR) 10 ug/L/from water from chloride [21]
red method to produce bromophenol blue (BPB)
Phenol red 3.63—}9.02 mg kg-1/from  Fast, sult_able for
spectrophotometry capsicum, potatoes and routine [22]
P fungi determinations

Our previous experience regarding the detection of bromide ions by means of ion-selective
potentiometric sensors, using the Pt(I) 5,10,15,20-tetra(4-methoxy-phenyl)-porphyrin (PtTMeOPP)
as an ionophore, polyvinylchloride (DOP) as a plasticizer, polyvinylchloride (PVC) as a support
and tridodeocylmethylammonium chloride (TDMACI) as an additive, provided a detection limit of
8 X 107® M [20]. The changes in optical properties of the AuNPs/PtTMeOPP hybrid material under the
influence of triiodide ions were also investigated [23]. It was concluded that the AuNPs/PtTMeOPP
hybrid material can optically detect triiodide ions up to a concentration limit of 1.5 x 10~ M in media
mimicking human physiology.

The present study is focused on the investigation of the capacity of Pt(II) 5,10,15,20-tetra(4-methoxy-
phenyl)-porphyrin (PtTMeOPP) alone (structure in Figure 1), which is a hydrophobic compound, to
optically detect bromide ions from both synthetic and especially biological samples, with the main aim
of improving the already known detection limits.

Figure 1. Structure of Pt(Il) 5,10,15,20-tetra(4-methoxy-phenyl)-porphyrin (PtTMeOPP).

2. Materials and Methods

2.1. Materials

Pt(II) 5,10,15,20-tetra(4-methoxy-phenyl)-porphyrin (PtTMeOPP) was obtained as previously
reported [20,23] by a metallation reaction of the corresponding porphyrin base using 50% excess of
the water-soluble complex PtCl,(PhCN), and a large excess (six times more) of CH;COONa x 3H,0.
The purpose of using sodium acetate is to prevent major acidification of the reaction medium and
consequently the decomposition of the complex, by capturing the resulting chloride ions. In only one
hour, this simple change [24] offers better yields (>90%) and reduces the time of synthesis.

Tetrahydrofuran (THF), dichloromethane (CH,Cl,), chloroform (CHCl3), KBr salt, NaOH pellets
and HCl solution 0.5 N were aquired from Merck (Darmstadt, Germany) and used without further
purification. Potasium chloride (KCI) was obtained from Acros (Morris Plains, NJ, USA), and all the
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other inorganic salts, KI, Nay;SO3 x 7H,0, K»,SO4, NaNO,, NaNO3, Naz PO, x 12H,0 and NaSCN, were
purchased from Reactivul Bucuresti (Bucuresti, Romania). Buffer solution HI 70007 (pH = 7.01) was
provided by Hanna Instruments Inc. (Highland Industrial Park Woonsocket, Cumberland, RI, USA).

2.2. UV-Visible Spectral Studies

A V-650-JASCO spectrometer (Pfungstadt, Germany) was used for the UV-visible investigation,
using 1 cm wide quartz cuvettes.

The values of pH were measured with a pH-meter HI 98,100 Checker Plus, from Hanna Instruments,
Woonsocket, Rhode Island, 02895, USA.

2.3. Atomic Force Microscopy (AFM) Imaging

A Nanosurf® EasyScan 2 Advanced Research AFM microscope (Liestal, Switzerland) was used
to obtain atomic force microscopy (AFM) images in the non-contact mode. Pure silica plates were
used for the deposition of samples from different solvent systems (chloroform, dichloromethane, THF,
THF/water).

3. Results and Discussion
3.1. Investigation of the Stability of PtTMeOPP Solution in THF in Different pH Media

3.1.1. Acidic Media

In order to inspect the optical changes produced by acidic media on the PtTMeOPP in THF
solution, the following experiment was conducted: to 5 mL PtTMeOPP solution in THF (pH = 6.5),
portions of 0.2 mL HCI solution (c = 0.5 N) were successively added. The pH of the solution was
measured using a pH-meter and the UV-vis spectra were recorded and are presented in Figure S1.

It can be concluded that the platinum porphyrin is stable up to pH = 2 despite the increase in the
acidity of the medium. By further increasing the acidity (pH = 1), a bathochromic shift of the Soret band
takes place, from 405 nm to 416 nm, accompanied by a very significant decrease in intensity (Figure S1).
This is an indication of the demetallation of the Pt-porphyrin that belongs to class IIl metalloporphyrins
based on its resistance to acid [25]. The demetallation is associated with the appearance of the third Q
band (QIII band) located around 550 nm, a characteristic feature of free-porphyrins.

3.1.2. Basic Media

In order to inspect the changes in optical behavior of the PtTMeOPP solution in THF in basic
media, the experiment was performed as follows: to 5 mL PtTMeOPP solution in THF (pH = 6.5),
portions of 0.1 mL NaOH solution (c = 5 M) were successively added. The pH of the solution was
measured and the UV-vis spectra were recorded and are presented in Figure S2.

It can be concluded that the platinum porphyrin is stable with the increase in basicity of the
medium in the entire basic domain. The only unexpected changes that occur in the UV-vis spectra
concern the increase in intensity of the Soret and Q bands with the increase in the basicity of the medium.

3.1.3. Phosphate Buffered Solution

The initial pH of the PtTMeOPP solution was measured (pH = 6.5) and the UV-vis spectrum was
recorded. Then, to 4 mL PtTMeOPP of this solution in THF, 12 drops of HI 70007 buffer solution from
Hanna Instruments were added and the pH was measured again, reaching pH = 7.15. The two spectra
are overlapped in Figure S3. The buffer solution has no significant influence upon the shape, position
or intensity of the absorption of the Soret band other than a slight increase of the Q band at 511 nm.
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3.2. AFM Studies Concerning the Aggregation Properties of PtTMeOPP at the Interface of Different
Solvents/Air on Silica Plates

The AFM images (Figure S4) show that the aggregation behavior of the platinum porphyrin
deposited from different solvents by drop-casting varies. Thus, from chlorinated solvents the tendency
of the particles is to aggregate both in H-and J-type aggregates, which ultimately form rings. The average
dimensions of particles in the case of CHCl3 solvent are around 200 nm, but in the case of the CH,Cl,
solvent the size is larger, around 400 nm. The aggregates generated from CHCl; are larger and more
diverse in organization, so that rings and wheatear-shaped aggregates are simultaneously present.
More polar solvents, such as THF, lead to the formation of pyramids of smaller dimensions that are
more evenly distributed on the surface and uniformly oriented. The dimensions of particles sides in
the case of THF are averaged at 230 nm.

3.3. Detection of Bromide Ions

3.3.1. UV-Vis Spectrophotometric Investigations

To a volume of 3 mL PtTMeOPP in THF (c = 1.28 x 107> M), 0.05 mL KBr solution in water having
different concentrations, varying from 1.527 x 107 M to 2.7 x 10~ M, were added, so that the final
corrected concentrations in bromide spanned from ¢ = 2.50 x 1078M to 4.36 x 10~ M. The mixtures
were stirred for 30 seconds in a sonication bath and then the UV-vis spectra were recorded (Figure 2)
and overlapped.

19
0.22
0.2
1.5 5
@5 215
o[B8 0.15 2
£ 2[5
oo @ oo
el 2 S5
"] £ lo
3 1r £ o 0.1
<
0.05
0.03 : : :
051 480 500 520 540
Wavelength [nm]
0 . .
350 400 500 600 650

Wavelength [nm]

Figure 2. Superposed UV-vis spectra for the spectrometric detection of bromide ions. The inset shows
the isosbestic points on the Q band (495 nm; 528 nm).

From the overlapped UV-vis spectra, it can be concluded that the detection of bromide ions is
achieved by a decrease in the intensity of the Soret band without changes in the position of the bands.
Three isosbestic points, one located on the descending branch of the Soret band, at 446 nm, and two
located on both sides of the Q band, at 495 nm and 528 nm, respectively, indicate the formation of
porphyrin-halide intermediates during the recognition process, as bromide anions are capable of
coordinating with the platinum central atom. Porphyrin bases are also capable of coordinating halogen
anions, but only in their protonated state [26].

The relation between the intensity of the absorption of the Soret band read at 405 nm and the
concentration of bromide ions is linear, having a correlation coefficient of 99.05%. The bromide
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concentration domain, for which the dependence is linear, ranges from 2.5 x 108 M to 4.36 x 107/ M
(Figure 3).
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Figure 3. Linear dependence between the intensity of the absorption read at 405 nm and the Br~
concentration.

3.3.2. The Study of Interfering Ions

Since bromide ions were not present alone in any real samples, neither water nor biological
materials, an interference study was performed. To each portion of 3.5 mL PtTMeOPP in THF solution
(c=1.67 % 107> M), 0.1 mL portions of the interferent ion solutions (C1~, I", NO,~, NO3;~, SCN,
SO327, S04, PO4%7) in water (c = 1 x 1073 M) were added. Each of the potential interfering ions had
a 100-fold higher concentration in the mixture than the determined concentration of bromide ions
(c = 107 M). Due to the fact that chloride [17,27] and thiols [28,29] were present in large amounts
in the biological samples, the chloride and the thioglycolic acid ions were investigated in a higher
exceeding concentration, labeled in Figure 4 as C1~ x 10 and R-5~ x 10, representing a 1000 fold higher
concentration than the Br™ concentration.

24

400 420 440
Wavelength [nm]

I
400
Wavelength [nm]

0 . : i
350 400 500 600 650

Wavelength [nm]
Figure 4. Overlapped UV-Vis spectra showing the effect of potential interfering anions on PtTMeOPP
solution. (a) Detail of the Soret bands with 100-fold (b) and 1000-fold (c) higher concentration of
interferences than the Br~ concentration.

The UV-vis spectrum for each mixture was recorded after 30 s of intense stirring and all spectra
were overlapped and are presented in Figure 4. It can be seen in Figures 4 and 5 that the selectivity
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of the proposed UV-vis spectrophotometric method for bromide detection is very good, as all the
potential interfering anions have an opposite effect, increasing the intensity of absorption, after their
adding to the sensitive material (Figure 5).
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Figure 5. Graphical representation of the differences in absorption intensity produced by several
interfering ions upon PtTMeOPP, at concentrations 100-fold or 1000-fold higher than that of Br~.

3.3.3. Mechanism of Detection

The recognition mechanism is explained by the axial coordination of the bromide anion to the
platinum ion in the center of the porphyrin. This binding process is accompanied by changes in optical
properties [30] due to associated modifications regarding the conformation of the molecule or due to
loss or gain in its symmetry [31].

Pt-metalloporphyrins (used alone as sensing materials) can be considered Lewis acidic dyes that
are capable of reacting with analytes. The basicity of the bromide ion is higher than the basicity of
the iodide ion, so this is the main factor enabling the recognition of bromide. During the performed
experiments, the shape of the UV-vis spectra did not change the position of the bands, confirming that
the interaction with bromide ions occurs with Pt at the porphyrin macrocycle center (Figure 6) [32].

Figure 6. Sensing of bromide ions by their axial coordination to platinum metal in the center of
porphyrin above and below the plane of the molecule by a Lewis acid-base reaction.
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In the previous reported studies concerning the use of the same Pt-metalloporphyrin for
iodide/bromide [20] or triiodide ion detection [23], the mechanism of detection was different, because
in the first case the Pt-metalloporphyrin was incorporated into a PVC membrane and used as a
potentiometric sensor, and in the second case it was part of a hybrid material with AuNPs.

3.3.4. The Influence of the Ionic Strength

An additional test regarding the influence of the ionic strength on PtTMeOPP porphyrin was
performed using NaCl, because this is the main factor present in biological samples and it is able to
destabilize the material. If the process of porphyrin aggregation occurs, a constant increase of the
hydrodynamic diameter over time should be observed because the particles are destabilized and they
might aggregate to the point of sedimentation. As a general rule, when the ionic strength is varied,
large bathochromic shifts of the Soret maximum with significant hypochromicity are characteristic
for porphyrin intercalation [33]. This phenomenon was not observed in our UV-vis experiment at
ionic strengths of 0.5 M, 0.25 M, 0.1 M and 0.025 M, with all the spectra preserving the shape and the
position of their bands (Figure S5).

3.3.5. Morphological Modifications after Bromide Exposure

The AFM images obtained in the non-contact mode of the PtTMeOPP porphyrin deposited from
THEF (Figure 7a-d) reveal a self-aggregation process, mostly in H-type aggregates generating oriented
triangular geometries of around 220 nm in size. The height distribution of the particles is in the range
of 6-15 nm. After treatment with bromide ions, the morphology dramatically changes and the shape
of the particles becomes round and smaller, around 95 nm in diameter. The H-type aggregation is
less pronounced (Figure 7e-h) and the surface is more evenly covered. As a consequence, the height
distribution of the aggregates also decreases to 1-4 nm.
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Figure 7. Atomic force microscopy (AFM) images (color and shadow map), topography and size
distribution for PtTMeOPP from tetrahydrofuran (THF) solution (a-d) and after treatment with bromide
(e-h).

3.3.6. Real Sample Testing

For real sample measurements, onions (Allium cepa) were chosen due to their higher content in
bromide as compared to other vegetables (tomatoes, garden eggs, peppers and carrots). For example,
the reported content of bromide for onions from the market in Ghana is 70.20-142.60 mg/kg [34].
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In our case, selected onions were acquired from normal and bio private garden cultures (different
regions of Romania) that are widely use in European cuisine and have rich content in microelements
(a large variety of minerals, such as P, Na, K, Ca, Mg, Fe, Cu, Zn, Mn and Se) [35]. An early study
regarding the content of bromide in onions originated from the United States of America [36,37], and
indicated the presence of bromide in the quantity of 61 mg bromide/kg onion.

3.3.7. Sample Preparations of Onion Extracts and Bromide Ions Detection and Validation by
Potentiometric Titration

We acquired onions from Romanians’ private gardens (Cenad and Malovat) and the workup
procedure was applied as described in a previously published paper [22]. The onions were acquired in
March and were harvested in the previous autumn. Portions of 5 g from four different onions were
thoroughly mixed with 6.033 g sodium carbonate in a ceramic crucible. Then, the yellow mixture
was heated gradually in a furnace to 850 °C and kept there for 20 min. After cooling, the content of
the crucible was successively disintegrated from the crucible with 20 mL hot water three times and
transferred into a beaker. The obtained solution was filtered, the filtrate was transferred to a volumetric
flask and doubly distilled water was added to a final volume of 200.10 mL.

For each sample, to 3 mL of PtTMeOPP in THF solution (c = 1.28 X 10~°M), 0.1 mL of 100-fold
diluted onion solution was added and the UV-vis spectra were registered. The calculated results are
presented in Table 2.

Table 2. Determination of bromide in garden onion samples.

Sample UV-Vis Detection (mg/Kg)  Found by Potentiometry (mg/Kg)
Garden onion (Romania, Cenad) 97.27 + 0.6
Garden Bio Onion (Romania, Malovat) 8217+ 0.9 7795 +1.7

The intensity of absorption was compared with the calibration curve (equation from Figure 6),
and bromide concentrations of 97.27 mg Br~/kg onion in the investigated onion from Cenad (Banat
county) and 82.17 mg Br~/kg in the bio onion from Malovat (Oltenia county) were obtained, yielding
results that are within the limits of the literature data [34].

3.3.8. The Validation of Results

The potentiometric method was chosen for validation because it is fast, sensitive and capable of
detecting both C1~ and Br™ in a one-step titration. The potentiometric titration [38,39] of Garden Bio
Onion (Romania, Malovat) was performed as follows: to 50 mL sample (onion) solution, 0.5 mL HNO3
2 mol L7! and 1 g barium acetate were added. The solution was titrated with AgNOj3 0.01 mol L™
using Ag coated with Agy5 as a working electrode, a steel electrode as a contraelectrode and Ag/AgCl
as a reference electrode, all immersed in an undivided cell. The potentiometric titration curve shows
two slopes, with the first occurring at very low volumes being associated with bromine titration.
So, the first equivalence point corresponds to the bromide content reported in Table 1. The method
was initially tested for solutions with known KBr content. Then, the method was used for the onion
solution with an unknown bromide content. The results were also verified for the onion solution
with a supplementary addition of known KBr. The experimental results represent the average of five
determinations. The determination error is less than 2.2%.

The recovery data obtained by UV-vis spectrometry were also measured with an external addition
of a known amount of Br~ in order to verify the results.

Due to the use of treatments containing growth regulators and pesticides that are required for the
cultivation and long-term deposition of harvested onion in normal conditions, it is understandable
that the bio sample onion has a lower content in bromide than the onion from large-scale production.
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4. Conclusions

This study represents the pioneering use of the hydrophobic compound Pt(II) 5,10,15,20-tetra
(4-methoxy-phenyl)-porphyrin (PtTMeOPP) for achieving a sensitive and selective optical sensor for
the UV-vis detection of trace amounts of Br~ anions. A detection limit of 2.5 x 1078 M concentration
for bromide anions and a confidence coefficient of 99.05% make it one of the best candidates for the
development of an unexplored, simple, accurate and fast UV-vis spectrophotometric methodology for
bromide detection in biological samples (since the only known similar method is based on fluorescence).
The ability of metalloporphyrins to bind anionic ligands to the central metal ion offers a good
explanation for the detection mechanism, which was proven by the multiple isosbestic points from the
UV-vis spectra. The behavior of the sensitive porphyrin in various pH media was also investigated
in order to determine its stability. It can be concluded that PtTMeOPP is stable in a wide pH range
(2-14) and its optical properties are not influenced by the presence of buffers in the solution. It worth
noting that the chloride and thiol anions that are the main interferents of bromide do not influence this
determination in any way.

Supplementary Materials: The following are available online at http://www.mdpi.com/2227-9040/7/2/21/s1,
Figure S1. Overlapped UV-vis spectra after successive adding of 0.5 N HCl solution to PtTMeOPP solution in THFE.
Detail: Spectrum for the solution at pH = 1; Figure S2. Overlapped UV-vis spectra after increasing the basicity of
the PtTMeOPP solution in THF; Figure S3. The influence of phosphate buffer solution on the shape and intensity
of the PtTMeOPP UV-vis spectrum; Figure S4. AFM images of PtTMeOPP deposited from different solvents by
drop-casting; Figure S5. Influence of the ionic strength upon the UV-vis spectrum of PtTMeOPP in THF solution.
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