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Blue-light emitting triazolopyridinium and triazoloquinolinium 

salts 

Valentina Carboni,[a,b] Xin Su,[c] Hai Qian,[c] Ivan Aprahamian*[c] and Alberto Credi*[a,d] 

 

Abstract: Compounds that emit blue light are of interest for 

applications that include optoelectronic devices and chemo/bio 

sensing and imaging. The design and synthesis of small organic 

molecules that can act as high efficiency deep-blue light emitters 

in the solid-state and can be easily processed from solutions 

represents a significant challenge. Here we present the 

preparation and photophysical, photochemical and 

electrochemical properties of a series of triazolopyridinium and 

triazoloquinolinium compounds. They are well soluble in water or 

polar organic solvents, and exhibit photoluminescence in the 

blue region of the spectrum in fluid solution, in the solid state 

and in a frozen matrix. 

Introduction 

Chemical species that exhibit luminescence in the blue region of 

the visible spectrum are of high interest because of their 

potential applications as donors in Forster resonance energy 

transfer (FRET) cascades[1] and as active components in lighting 

devices such as organic light-emitting diodes (OLEDs)[ 2 ] and 

light-emitting electrochemical cells (LEECs).[3] In particular, blue 

light emitters not only can reduce the power consumption of the 

device but can also be exploited for the generation of light of 

other colors by sensitizing the luminescence of lower energy 

fluorescent or phosphorescent dopants inserted in the emissive 

layer of the device.[ 4 ] In this context, the synthesis and 

development of effective solid-state deep-blue emitters (as 

defined by the CIE coordinates y<0.15 and x+y<0.3, Figure 

1)[2cd] represents a challenging task, because the high energy 

content of the emissive excited state can often translate in poor 

photostability and low emission quantum yields.[5] 

Efficient blue light emission is found for different classes of 

organic, inorganic and organometallic species amenable to be 

inserted in the emissive layer of a LED device. Among inorganic 

species, quantum dots (QDs)[6] and more recently perovskites[7] 

ensure high color purity and emission wavelength tunability, but 

the limited stability and the toxicity of their constituents raises 

concerns about their extensive use in consumer devices. On the 

other hand, many organometallic complexes are used as 

luminescent dyes:[3, 8 ] among them, Ir(III) complexes[ 9 ] exhibit 

bright blue luminescence and high emission quantum yields. 

The low abundance and the high cost of these compounds, 

however, represent a significant limit for technological 

applications. In fact, the attention is moving towards more 

sustainable and cheap luminescent materials[10] that are based 

on small organic compounds.[2cd,11] In this context, aggregation-

induced emission is an emerging strategy for the development of 

solid materials exhibiting blue luminescence.[ 12 ] A general 

drawback of most current approaches, however, is that the 

efficiency of blue light emitters is usually reduced upon going 

from solution (where they are usually characterized and studied) 

to the solid-state, by intermolecular interactions that lead to 

severe self-quenching and bathochromic shifts.[13] 

 

 

Figure 1. Commission internationale de l’éclairage (CIE) 1931 chromaticity 

diagram and location of the investigated compounds in the color space 

corresponding to their room-temperature fluorescence in solution. Legend for 

the color regions: I, deep blue; II, purple; III, bluish purple; IV, purplish blue; V, 

blue; VI, greenish blue; VII, blue green; VIII, bluish green; IX, green; X, white. 

Recently, we reported on a new family of [1,2,3]triazolo[1,5-

a]pyridinium salts,[ 14 ]that can be easily prepared from the 

corresponding hydrazones,[ 15 , 16 , 17 ] exhibit good solubility in 

water, and have promising photophysical properties, including 

blue-light emission.[14] In this article we report on the extended 
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family of these water soluble triazolopyridinium species (1a-e) in 

addition to the triazoloquinolinium species 2a-b that have an 

expanded -system. Model compounds 3 and 4 were also 

considered for comparison. The photophysical properties of 

these dyes in fluid solution, frozen matrix and solid state, and 

their photochemical and electrochemical behaviour were studied 

in detail. These studies showed that the blue light emission of 

most of the dyes only slightly changes when going from solution 

to the solid-state, making them promising materials for OLED 

and LEEC applications. 

 

 

Results and Discussion 

The synthesis of the triazolopyridinium salts 1a-e and the 

triazoloquinolinium salts 2a-b takes advantage of the previously 

reported[14] efficient and regioselective Cu(II)-promoted oxidative 

cycloaddition of the corresponding hydrazones, performed in 

CH3CN under aerobic conditions (Scheme 1).[18] In general, the 

appropriate hydrazone derivative was treated with excess of 

Cu(ClO4)2 in CH3CN and the reaction mixture was stirred at 60 

ºC overnight. After workup and recrystallization the salts were 

obtained in 65−75% yield. 

 

Scheme 1. General synthetic route for the investigated [1,2,3]triazolo[1,5-

a]pyridinium and [1,2,3]triazolo[1,5-a]quinolinium salts. 

Photophysical properties 

The absorption spectra of the triazolopyridinium species 1a-e in 

H2O (Figure 2 and Table 1) exhibit several features in the near 

UV region, with the lowest energy band centered at around 300 

nm. A comparison with the absorption spectrum of model 

compound 3 (see the SI) shows that the phenyl substituent on 

the N-2 position in the triazolium moiety plays a crucial role in 

determining the chromophoric properties of species 1a-e, in line 

with the molecular modeling results (vide infra). Moreover, the 

analysis of the absorption spectrum of model 4 (see the SI) 

indicates that the presence of the ethyl ester substituent at 

position C-5 is also important, determining a significant increase 

of the molar absorption coefficient, particularly in the 240-280 

region (Figure 2). No appreciable solvatochromism was 

observed for all compounds. 

Compound 1e, which possesses two triazolopyridinium units 

connected at their N-2 position by a phenyl bridge, exhibits the 

same absorption bands as 1a; they are, however, significantly 

red shifted and nearly twice as intense (Figure 2). This 

observation points to some degree of conjugation of the two 

triazolopyridinium moieties and suggests that 1e is better 

described as only one larger chromophore rather than as two 

linked chromophoric units. 

 

 

Figure 2. UV/Vis absorption spectra of the triazolopyridinium compounds 1a-e 

in H2O at room temperature. 

Triazoloquinolinium compounds 2a-b show intense bands 

centered at around 260 and 340 nm (Figure 3). The presence of 

a second triazoloquinolinum moiety in 2b shifts the bands – 

particularly the lower energy one – towards the red and doubles 

the molar absorption coefficients, as also noticed on going from 

1a to 1e. 
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Figure 3. UV/Vis absorption (left) and luminescence (right; exc = 330 nm) 

spectra of the triazoloquinolinium compounds 2a (in methanol) and 2b (in 

acetonitrile) at room temperature. 

In solution at room temperature all the investigated compounds 

except model 3 exhibit a fluorescence band with maximum in the 

blue region of the spectrum (Figures 3 and 4, Table 1). The lack 

of luminescence from 3 confirms the importance of the phenyl 

substituent for the photophysical properties of this class of 

compounds, as noted above. The emission profiles are all quite 

broad, with full width at half maximum (fwhm) as large as 6000 

cm–1. The compounds also exhibit “mega” Stokes shifts, 

exceeding 100 nm; for 1d the Stokes shift is 166 nm, 

corresponding to 11681 cm–1. Such properties are not common 

for simple organic luminophores[Fehler! Textmarke nicht definiert.a,19 ,20 ] 

and are important for preventing self-quenching and light 

scattering phenomena which would hamper imaging 

applications.[21] The emission color of the various compounds 

was determined on the basis of the CIE 1931 color space and is 

represented in the chromaticity diagram displayed in Figure 1 

(see also the SI). The results show that colors ranging from 

deep blue to bluish green can be obtained by appropriate 

substitution of the triazolopyridinium and triazoloquinolinium 

cores. 

 

Table 1. Absorption and luminescence spectroscopic data for triazolopyridinium compounds 1a-e, triazoloquinolinium compounds 2a-b, and models 3 and 4. 

Compound Absorption 

r. t.
[a]

 

Emission 

r. t.
[a]

 

Emission 

77 K
[c]

 

Emission r. t. 

solid state
[d]

 

 

nm 

 10
–4


M
–1

 cm
–1

 



nm 



ns 

em Stokes 

shift
[e]

 

cm
–1

 

fluo

nm 

fluo

ns 

phos

nm 

phos 

s 



nm 



ns 

1a 302 0.99 456 0.9 0.029 11183 383 0.8
[f]
 

2.4
[f]
 

450 2.4 520 0.3 

2.0 

1b 302 1.07 409 <0.2
[g]

 0.001 8663 424 0.6
[f]
 

2.6
[f]
 

452 0.9
[f]
 

2.3
[f]
 

449 3.1 

1c 305 1.28 427 0.6 0.066 9368 387 1.9 449 1.4
[f]
 

2.9
[f]
 

420 <0.2
[f,g] 

2.3
[f]
 

1d 303 1.28 469 0.6 0.023 11681 385 0.6
[f]
 

2.6
[f]
 

448 0.9
[f]
 

2.3
[f]
 

522 0.6 

4.0 

1e 316 1.98 419 1.3 0.22 7779 433 3.9 448 2.1 394 <0.2
[f]
 

2a
[h]

 341 0.81 498 1.4
[f]
 

2.3
[f]
 

0.040 9245 399 1.9 499 3.5 423 <0.2
[f]
 

2b
[i]
 347 1.64 458 <0.2

[f,g]
 

1.7
[f]
 

0.11 6984 402 1.4
[f]
 

6.8
[f]
 

493 2.7 498 <0.2
[f]
 

3 300 0.87 [j]    [j]  [j]  [j]  

4 305 1.12 460 <0.2
[f]
 0.003 11048 392 [k] 453 [k] 405 [k] 

[a] At room temperature in air-equilibrated water solution, unless noted otherwise; the data correspond to the maximum of the lowest energy band. [b] At 

room temperature in air-equilibrated water solution, unless noted otherwise; the data correspond to the band maximum. [c] At 77 K in frozen ethanol. [d] At 

room temperature on a thin solid film deposited on a glass slide. [e] Difference between the positions of the lowest energy absorption maximum and the 

highest energy luminescence maximum. [f] Multiexponential decay; the curve could be satisfactorily fitted with a double exponential function. [g] Decay faster 

than the time resolution of the instrument (200 ps). [h] Because of solubility problems, all the solution measurements at r.t. on 2a were performed in 

methanol. [i] Because of solubility problems, all the solution measurements at r.t. on 2b were performed in acetonitrile. [j] Not luminescent. [k] Not performed. 
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Figure 4. Normalized luminescence spectra (exc = 300 nm) of the 

triazolopyridinium compounds 1a-e in air-equilibrated H2O at room 

temperature. 

Quantum chemical calculations previously carried out[14a] on 

compound 1a point to a significant charge-transfer (CT) 

character of the lowest energy electronic transition in these 

compounds. The frontier orbital surfaces, calculated in the 

present work with MOPAC/MNDO semi-empirical methods on 

MM2-minimized structures, show that the HOMO is localized on 

the phenyl ring, and the LUMO is centered on the electron-poor 

triazolopyridinium unit (Figure 5a). For the triazoloquinolinium 

compound 2a, the HOMO involves both the phenyl substituent 

and the triazoloquinolinium moiety, while the LUMO is mainly 

localized on the latter unit (Figure 5b). These findings confirm 

that electron density is transferred from the phenyl substituent to 

the triazolo-pyridinium or -quinolinium units upon photoexcitation 

in 1a and 2a. 

The large Stokes shifts, the broad absorption and luminescence 

bands lacking a clear vibronic structure, and the short lifetimes 

are indeed consistent with the CT nature of the transitions. In 

such a case one would expect to see a correlation between the 

absorption/emission energies and the electron-donating or -

accepting abilities of the donor and acceptor moieties. This is 

the case for 1c, in which an electron withdrawing methyl ester 

para-substituent on the phenyl ring causes a fluorescence blue 

shift with respect to 1a. Compound 1d, which has a p-Br 

substituent on the phenyl ring, shows an emission band very 

similar to that of 1a, suggesting that the opposite inductive and 

mesomeric effect of the bromine roughly counterbalance one 

another. 

 

 

Figure 5. HOMO (top) and LUMO (bottom) surfaces computed by semi-

empirical MOPAC/MNDO calculations for (a) the triazolopyridinium species 1a 

and (b) the triazoloquinolinium species 2a. 

The situation is more complicated for 1b, whose electron donor 

character of its phenyl ring is enhanced by the presence of a p-

methoxy substituent. This compound exhibits a red tail of its 

lower energy absorption band (Figure 2) but its emission is 

significantly blue shifted with respect to 1a (Figure 4). It may be 

hypothesized that in this particular compound the Franck-

Condon excited state undergoes a rearrangement that involves 

a rotation of the p-methoxyphenyl ring. Such a process could 

diminish the CT nature of the thermally equilibrated excited state 

and hence increase its energy. The shorter fluorescence lifetime 

and smaller quantum yield of 1b compared with 1a,c,d, 

indicating a larger radiationless decay constant possibly as a 

result of a higher degree of excited-state distortion, are 

consistent with this explanation.[Fehler! Textmarke nicht definiert.a] 

The presence of an electron-withdrawing ethyl ester group on 

the triazolium ring has nearly no consequences on the energy of 

the lowest absorption and emission features, as shown by the 

comparison of 1a with 4. The former, however, has a much 

higher fluorescence quantum yield and a longer lifetime than the 

latter. 

The substantial blue shift and the larger quantum yield of the 

fluorescence of 1e in comparison with 1a (Figure 4 and Table 1) 

can be rationalized on the basis of TD-DFT calculations,[14a] 

which show that the HOMO-LUMO transition in the former 

compound has a less pronounced charge-transfer character and 

may be better described as a π→π* transition. Similar 

considerations might be made when the fluorescence bands of 

the triazoloquinolinium compounds 2a and 2b are compared 

(Figure 3). 

Compounds 1a-e and 2a-b exhibit both fluorescence and 

phosphorescence emission in frozen ethanol at 77 K (Figure 6 

and SI). For all compounds except 1b and 1e, the fluorescence 

band becomes blue shifted on going from room temperature to 

liquid nitrogen temperature, because of the lack of solvent 
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repolarization of the CT excited state and frustration of structural 

rearrangements. Conversely, the temperature decrease causes 

a red shift of the fluorescence of 1b and, to a lesser extent, of 1e. 

This observation is in line with the hypothesis, provided above, 

that the energy of the fluorescent excited state of 1b at room 

temperature increases through a conformational change. As this 

process is switched off at 77 K, the fluorescence of 1b becomes 

the more red shifted of the series 1a-d, owing to the good 

electron donating power of the p-methoxyphenyl substituent. 

The marked CT character of the HOMO-LUMO transition in 1b is 

also highlighted by the very small energy difference between its 

fluorescence and phosphorescence bands (Figure 6).[Fehler! 

Textmarke nicht definiert.a] 

 

 

Figure 6. Normalized fluorescence (full lines) and phosphorescence (dashed 

lines) spectra of the triazolopyridinium compounds 1a-e in an ethanol rigid 

matrix at 77 K (exc = 300 nm). 

On the other hand, the modest change of the fluorescence of 1e 

on going from fluid solution to rigid matrix can be rationalized on 

the basis of the less pronounced CT nature of its electronic 

transition. 

The luminescence of the compounds was also investigated at 

room temperature on thin solid films deposited on a glass slide 

(Figure 7). The small differences detected in the fluorescence 

bands of compounds 1b,c,e and 2a with respect to the solution 

can be accounted for by the absence of solvation together with 

the decrease in conformational freedom of the chromophore. 

Conversely, the emission band of solid 1a, 1d and 2b is 

broadened and significantly red shifted, suggesting the formation 

of J-aggregates; the residual shoulder at around 400 nm is 

attributed to the presence of non-aggregated species. The 

fluorescence excitation spectra show features in the same 

spectral region of the absorption bands (see the SI). For all 

compounds the emission decay in the solid state is no longer 

monoexponential, reflecting the presence of populations of 

luminophores experiencing different environments, as it is often 

observed in these cases.[Fehler! Textmarke nicht definiert.a] 

 

 

Figure 7. Normalized fluorescence spectra of the triazolopyridiniums 1a-e (full 

lines) and triazoloquinoliniums 2a-b (dashed lines) deposited as thin solid films 

on a glass slide at room temperature (exc = 300 nm). 

Photochemical behaviour 

The photoreactivity of compounds 1a-e and 2a-b was assessed 

by irradiating the compounds at 313 nm and monitoring their 

absorption spectra. The triazoloquinolinium species 2a-b 

exhibited no change upon irradiation, while among the 

compounds of the triazolopyridinium family only 1a, 1b and 1d 

showed negligible photoreactivity. 

Upon irradiation at 313 nm in air-equilibrated water for 60 

minutes, the absorption bands of 1c experienced a minor shift 

and a decrease in intensity, and a new band at around 270 nm 

grew up (see the SI); the photoreaction quantum yield is 0.019. 

If 1c is irradiated in deoxygenated water, the same reaction is 

observed but with a higher quantum yield (0.069) (Figure 8). 

This observation indicates that the photoreaction may take place 

from the lowest triplet excited state, which is efficiently quenched 

by oxygen. Isosbestic points were maintained throughout the 

irradiation, confirming that a single product is formed. 

Irradiation of 1e in water caused a decrease of its absorption 

bands and the increase of a broad absorption tail in the 350-500 

nm region (see the SI). As already observed for 1c, in the 

absence of oxygen the same changes were observed but with a 

greater extent, suggesting the involvement of the triplet excited 

state. 

Although we did not isolate and characterize the photoproduct(s), 

we speculate that the observed behavior could be related to the 

ability of [1,2,3]triazolopyridinium compounds to undergo ring 

transformations via the formation of a cationic nitrenium 

intermediate.[ 22 ] The photoreactivity of 1c and 1e may be 

explained considering that the presence of an electron accepting 

para-substituent on the phenyl ring in these two compounds 

could enhance the electrophilicity of the nitrenium intermediate, 

thus increasing its reactivity. 
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Figure 8. Absorption spectral changes upon irradiation of 1c (1.010
–5

 M) at 

313 nm for 60 min in deoxygenated water. 

Electrochemical properties 

The compounds were studied by cyclic voltammetry (CV) and 

differential pulse voltammetry (DPV) (see the SI). In all cases, 

only chemically irreversible reduction processes were observed 

in the examined potential window (see the experimental section). 

The corresponding redox potential values, obtained from the 

DPV peaks, are listed in Table 2. 

Although the irreversibility of the processes prevents a detailed 

discussion of the potential data, one can tentatively assign the 

redox peaks on the basis of comparisons between the various 

compounds. 

The reduction process at –1.40 V observed for model 3 is clearly 

assigned to the triazolopyridinium moiety. The addition of a 

phenyl group at the N-2 position of the triazole, as in 4, shifts the 

reduction to less negative potentials, suggesting that even if the 

LUMO is centered on the triazolopyridinium unit (vide supra), its 

energy is affected by the presence of the substituent. The first 

reduction process becomes even easier in compounds 1a-d, 

most likely because of the presence of the electron withdrawing 

ester group on the triazole ring. 

Compounds 2a-b, examined in acetonitrile for solubility reasons, 

showed a relatively facile reduction (Table 2) which indicates 

that the triazoloquinolinium unit is a better electron acceptor than 

the triazolopyridinium one. Interestingly, the first reduction of 2b 

occurs at a considerably less negative potential than that of 2a, 

suggesting a much higher degree of delocalization of the 

injected electron in the former compound. In fact, quantum 

chemical calculations (see the SI) indicate that the LUMO of 2b 

encompasses both triazoloquinolinium moieties as well as the p-

phenylene bridge. Such an extensive delocalization is in 

agreement with the fact that the second reduction occurs at a 

potential which is only 150 mV more negative than for the first 

one. 

Conclusions 

We have described the preparation and the photophysical, 

photochemical and electrochemical properties of a series of 

[1,2,3]triazolo[1,5-a]pyridinium and [1,2,3]triazolo[1,5-

a]quinolinium salts. The triazolopyridinium derivatives exhibit 

good solubility in water, while the triazoloquinolinium ones are 

soluble in polar organic solvents. All the compounds absorb in 

the near UV and show a moderately intense fluorescence in 

solution at room temperature, with Stokes shifts exceeding 

11000 cm–1. Semi-empirical calculations suggest that the lowest 

excited states, arising from the HOMO-LUMO transition, 

possess a charge-transfer character. Fluorescence emission 

also occurs in the solid state at room temperature and in frozen 

solvent at 77 K; under the latter conditions a long lived 

phosphorescence band is observed as well. 

All the compounds exhibit negligible photoreactivity, except for 

two triazolopyridinium species endowed with electron acceptor 

groups on the phenyl substituent attached at the N-2 position of 

the triazole system. Electrochemical measurements highlight the 

electron accepting nature of these compounds and the absence 

of oxidation processes in the investigated potential range. 

In summary, these compounds possess remarkable 

photophysical properties in solution and in the solid state, which 

can be fine-tuned by an appropriate choice of the substituents. 

Their facile synthesis and good solubility in water and in polar 

media, the minimal changes in emission profile when going from 

Table 2. Redox potential values at room temperature.
[a]

 

Compound E / V vs SCE
[b]

 

1a 
–0.90 

–1.44 

1b 
–0.89 

–1.41 

1c 
–0.83 

–1.37 

1d 
–0.82 

–1.49 

2a
[c]

 
–0.66 

–1.57 

2b
[c]

 

–0.44 

–0.59 

–1.61 

3 –1.40 

4 –1.11 

[a] Measurements performed in water/NaClO4, unless noted 

otherwise. [b] Irreversible processes; redox potential estimated from 

the DPV peak. [c] In acetonitrile/tetraethylammonium 

hexafluorophosphate. 
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solution to the solid-state, combined with photostability and 

reluctance to oxidation, make these compounds interesting for 

applications that span from lighting devices to biological imaging. 

Experimental Section 

General: Deionized water was produced with a Millipore Milli-Q system 
(resistivity >18 MΩ cm). All solvents were of spectroscopic grade quality, 
obtained from commercial sources, and used as received.  
Absorption and Luminescence Spectroscopy: UV/Vis Absorption 
spectra were recorded at room temperature on air equilibrated solutions 
contained in 1 cm quartz cuvettes with a UV/Vis Perkin Elmer Lambda-65 
double beam spectrophotometer. Luminescence spectra were recorded 
on a Perkin Elmer LS55 spectrofluorimeter equipped with a Hamamatsu 
R928 photomultiplier. The spectra at room temperature were measured 
on solutions contained in 1 cm quartz cuvettes. Emission spectra at 77 K 
were recorded on a glass tube immersed in a glass dewar filled with 
liquid nitrogen. For phosphorescence spectra, a time delay of 50 µs and 
a gate time of 5 ms were employed. Emission spectra on drop casted 
films were recorded at room temperature on a Perkin Elmer LS55 
spectrofluorimeter equipped with a Hamamatsu R928 photomultiplier and 
a front-face solid sample holder. Fluorescence lifetime measurements 
were performed by using an Edinburgh Analytical Instruments 
spectrofluorimeter FLS920 equipped with a time-correlated single 
photon-counting unit. Phosphorescence lifetime measurements were 
carried out using the pulsed flashlamp and time-resolved detection utility 
of the Perkin Elmer LS55 spectrofluorimeter. Experimental errors: 

wavelength values,  1 nm; molar absorption coefficients, luminescence 

lifetimes and quantum yields,  10%; 
Photochemistry: Photochemical reactions were performed at room 
temperature on stirred solutions by using a Hanau Q400 medium 
pressure Hg lamp (150 W). The selection of the desired irradiation 
wavelength (313 nm) was accomplished by the use of an interference 
filter. The number of incident photons, determined by ferrioxalate 

actinometry in its micro version,[19] was 1.1510–7 Nh/min. The 
photoreaction quantum yield was determined from the decrease of the 
absorption band of the starting compound at low conversion percentages 
(<10%; extrapolation to t=0 was made). Photoreactions in the absence of 
oxygen were investigated on solutions thoroughly bubbled with Ar. The 
fraction of light transmitted at the irradiation wavelength was taken into 
account in the calculation of the yields. The estimated experimental error 

on the photoreaction quantum yields is  20%. 
Electrochemical experiments: Measurements were carried out in 
argon-purged solutions (from 0.5 to 1 mM) of samples dissolved either in 
H2O (milli-Q deionized water; supporting electrolyte: 100 mM NaClO4) or 
in acetonitrile (Romil Hi-Dry solvent; supporting electrolyte: 100 mM 
tetraethylammonium hexafluorophosphate). The investigated potential 
window was from –1.6 to +1.5 V vs SCE for water and from –2.0 to +1.8 
V vs SCE for acetonitrile. The electrochemical cell was linked to an 
Autolab PGSTAT 12 potentiostat/galvanostat and was composed of a 
glassy carbon electrode (0.08 cm2) as the working electrode, a Pt spiral 
as the counter electrode and a SCE reference electrode. For 
measurements in acetonitrile, an Ag wire was used as a quasi-reference 
in the place of the SCE, and ferrocene (E1/2 = +0.395 V vs SCE) was 
used as an internal standard. Cyclic voltammograms were obtained with 
scan rates in the range 10-500 mV/s and differential pulse 
voltammograms were obtained applying a modulation time of 40 ms, a 
modulation amplitude of 75 mV and a scan rate of 20 mV/s. The 

estimated experimental error on the redox potential values is  20 mV. 
General Synthetic Procedure: The triazolopyridinium and 
triazoloquinolinium salts were synthesized using the following general 
procedure. The appropriate hydrazone (0.001 mol) was dissolved in 5 mL 
acetonitrile (CH3CN) and the solution was heated to 60°C. 
Copper(II)perchlorate hexahydrate (Cu(ClO4)2·6H2O) (2-4 equivs. 
depending on hydrazone) was then added to the solution, which was left 
to stir overnight at 60 °C. The reaction mixture was then filtered, and 30 
mL 5% (wt.) perchloricacid (HClO4) solution was added to the filtrate. The 
precipitate was collected by filtration and subjected to recrystallization 
from acetonitrile and 5% (wt.) HClO4 solution. The obtained salts (65‒
75% yield) were characterized using NMR spectroscopy and mass 
spectrometry. Full details are given in the Supporting Information. 
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