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Abstract: An interesting phenomenon was that some symmetrically substituted metal 

phthalocyanines behaved characteristic absorption band split in non-coordinated 

solvents especially when they had zinc as the center metal and alkyloxy substituted 

groups at non-periphery of molecular skeleton, for example tetra-α-octyloxy zinc 

phthalocyanine having split peaks at 706 and 752 nm in chloroform, respectively. The 

red split peak at 752 nm could be strengthened by acid enhancing macromolecular 

conjugation, and contrarily weakened by alkali. Further a linear relationship was 

found between the relatively alteration value of  characteristic absorbance⊿and the 
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concentration logarithm of acid in chloroform from 1.18 ×10-5 to 1.39×10-1 mol/L, 

which implied its potential application in analysis on trace of total acids included in 

grain, food and medicine, etc. 

Keywords: Q band split; monoprotonation; J-dimer; phthalocyanine; conjugation 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 3

1 Introduction 

Phthalocyanine (Pc) macromolecules have significant applications in high 

technology fields such as catalysis, electrochromic devices, gas sensor, non-linear 

optical, photodynamic therapy and photovoltaic cell, etc., for the unique 18-electron π 

planar conjugate system of them [1]. The structure endows them with characteristic 

absorptions around 700 nm, namely called Q band, which can be tuned by changing 

the center metal, substituent, substituted position (peripherally, β or non-peripherally, 

α), linker heteroatom (oxygen, sulfur or nitrogen) at Pc skeleton, molecular symmetry, 

intermolecular aggregation and solvents [2]. Generally, the Q band appears in a single 

peak for symmetric Pcs, e.g., tetra or octo-substituted metal Pcs, and in two split 

peaks for metal-free, unsymmetric or some aggregated metal Pcs [3,4]. An exception 

is that a few symmetrically substituted metal Pcs, especially 

tetra-α-alkoxy-substituted zinc Pc, exhibit two Q band split peaks instead of one 

normal single peak in non-coordinated solvents, e.g., chloroform, dichloromethane 

and benzene [5-9]. Clarifying the Q band split of symmetrically substituted metal Pcs 

is very critical for researchers to find novel molecular information, or design new Pc 

molecules with desired photophysical and photochemical properties [10,11]. The split 

has ever been argued to be derived from intermolecular J-dimers (aggregate of two 

molecules in side-to-side form) or monoprotonation of aza-nitrogen atom in Pc 

skeleton, but the opinions fail to agree and the related study on split peak profile, split 

range and chemical characterization is still inadequate [12]. Thus tetra-α-octyloxy 

substituted zinc Pc (αOZnP), tetra-β-octyloxy substituted zinc Pc (βOZnP) and 

tetra-α-octyloxy substituted copper Pc (αOCuP) (Scheme 1) are synthesized and 

studied in this paper. 
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2 Experimental  

2.1 Materials and methods 

DMSO was pre-dried over BaO and distilled under reduced pressure. Column 

chromatography purifications were preformed on silica gel. All other reagents and 

solvents are commercial available and used without further purification. 

 High-resolution 1H NMR spectra were recorded on a Varian Unity 500 spectrometer. 

IR spectra were measured on a Shimadzu IRAffinity-1 spectrometer. UV-vis spectra 

were taken on a Shimadzu UV-visible-1800 spectrophotometer. MS spectra were 

obtained on a Voyager-De STR MALDI-TOF-MS spectrometer. Elemental analyses 

were performed on a PerkinElmer 2400 Elemental Analyzer. 

 

2.2 Synthesis of 3- and 4-octyloxy-phthalonitriles 

3-Nitrophthalonitrile 1 (6.92 g, 40 mmol) and n-octanol (7.5 mL, 48 mmol) were 

added to 60 mL anhydrous DMSO at RT. The reaction mixture was stirred and 

LiOH·H2O (4.2 g, 100 mmol) was interfused over a 2-h period and the mixture was 

then stirred for 1 day. Reaction was monitored by TLC analysis. Then the reaction 

mixture was poured into 10% NaCl solution (400 mL) and stirred till precipitate 

appeared. The reaction product was collected by vacuum filtration. The crude product 

was purified by flash column chromatography with chloroform as the mobile phase to 

afford white power 3-octyloxy-phthalonitrile 3: 8.4 g, yield: 82 %; 1H NMR (500 

MHz, CDCl3): δ 7.70 (dd, 1H, ArH), 7.24 (d, 1H, ArH), 7.15 (d, 1H, ArH), 4.47 (m, 

2H, OCH2), 1.73 (m, 2H, CH2), 1.27-1.34 (m, 8H, (CH2)4), 0.88 (m, 3H, CH3); MS 

(CHCl3): m/z calcd for [M + Na+]: 279.3, found: 279.6 (an isotopic cluster peak) [M + 

Na+]; IR (KBr, νmax, cm-1): 2231 vs (C=N), 1253 vs (C-O-C); Anal. Calcd for 

C16H12N2O (256.3): C 74.97, H 7.86, N 10.93, Found: C 74.93, H 7.63, N 10.85.  
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If the aforesaid synthesis began from 4-Nitrophthalonitrile 2, the reaction mixture 

after reaction for 24 h was poured into 10% NaCl solution (400 mL) and the reaction 

product was collected by extraction with 100 mL chloroform twice. The combined 

organic layer was washed by 100 mL water and dried with Na2SO4. The crude 

product was collected by removing solvent and further purified by flash column 

chromatography with chloroform as the mobile phase to afford light yellow and sticky 

liquid 4-octyloxy-phthalonitrile 4: 8.1 g, yield: 79 %; 1H NMR (500 MHz, CDCl3): 

δ 7.69 (d, 1H, ArH), 7.22 (s, 1H, ArH), 7.14 (d, 1H, ArH), 4.45 (m, 1H, OCH), 1.75 

(m, 2H, CH2), 1.28-1.35 (m, 8H, (CH2)4), 0.88 (m, 3H, CH3); MS (CHCl3): m/z calcd 

for [M + Na+]: 279.3, found: 279.4 (an isotopic cluster peak) [M + Na+]; IR (KBr, 

νmax, cm-1): 2234 vs (C=N), 1252 vs (C-O-C); Anal. Calcd for C16H12N2O (256.3): C 

74.97, H 7.86, N 10.93, Found: C 74.85, H 7.67, N 10.97. 

 

2.3 Synthesis of αOZnP and αOCuP 

3-Octyloxy-phthalonitrile 3 (4.10 g, 16.0 mmol) was mixed with Zn(AcO)2·2H2O 

(0.88 g, 4.0 mmol), urea (10 g) and (NH4)2MoO4 (0.05 g), and added in a 100 mL 

breaker. The breaker was covered with a watch glass and heated at 160ć for 3 h in 

heat-collection-type heater (DF-101S). After cooling, the resultant green solid was 

ground and then washed with methanol by Soxhlet extraction to remove part of 

remnants. The collected solid was further purified by flash column chromatography 

with hexane and THF (3:2, v:v) as the mobile phase to give pure blue-green solid 

αOZnP: 2.8 g, Yield: 65 %; 1H NMR (500 MHz, CDCl3): δ 8.72-6.58 (m, broad, 12H, 

ArH), 4.60-3.91 (m, broad, 8H, 4OCH2), 2.42-1.25 (m, broad, 48H, 4(CH2)6); 0.97 (t, 

12H, 4CH3); MS (CHCl3): m/z calcd for [M]: 1090.8, found: 1089.8 [M]; IR (KBr, 

νmax, cm-1): 1239 vs (C-O-C); Anal. Calcd for C64H80N8O4Zn: C, 70.47; H, 7.39; N, 
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10.27, Found: C 70.62, H 7.43, N 10.15. 

 Replacing Zn(AcO)2·2H2O (0.88 g, 4.0 mmol) with CuCl2·2H2O (0.68 g, 4.0 mmol) 

in the aforesaid performance, the final product was blue solid αOCuP: 3.9 g, Yield: 

89 %; 1H NMR (500 MHz, CDCl3): δ 10.61-8.16 (s, weak and broad, 12H, ArH), 

4.54-3.53 (d, weak and broad, 8H, 4OCH2), 2.25-1.22 (q, broad, 48H, 4(CH2)6); 0.94 

(s, broad, 12H, 4CH3); MS (CHCl3): m/z calcd for [M]: 1087.6, found: 1088.8 [M]; IR 

(KBr, νmax, cm-1): 1233 vs (C-O-C); Anal. Calcd for C64H80N8O4Cu: C, 70.59; H, 7.41; 

Cu, 5.84; N, 10.29, Found: C 70.33, H 7.48, N 10.46. 

 

2.4 Synthesis of βOZnP 

4-Octyloxy-phthalonitrile 4 (4.10 g, 16.0 mmol) was mixed with Zn(AcO)2·2H2O 

(0.88 g, 4.0 mmol), urea (10 g) and (NH4)2MoO4 (0.05 g), and added in a 100 mL 

breaker. The breaker was covered with a watch glass and heated at 160ć for 3 h in 

heat-collection-type heater (DF-101S). After cooling, the resultant green solid was 

ground and then washed with methanol by Soxhlet extraction to remove part of 

remnants. In the end, the collected solid was purified by flash column 

chromatography with hexane and THF (3:2, v:v) as the mobile phase to give pure 

blue-green solid βOZnP: 2.2 g, Yield: 51 %; 1H NMR (500 MHz, CDCl3): δ 7.57-6.16 

(m, broad, 12H, ArH), 4.03-3.46 (d, broad, 8H, 4OCH2), 1.79-1.24 (m, broad, 48H, 

4(CH2)6); 1.04 (t, 12H, 4CH3); MS (CHCl3): m/z calcd for [M]: 1090.8, found: 1089.7 

[M]; IR (KBr, νmax, cm-1): 1238 vs (C-O-C); Anal. Calcd for C64H80N8O4Zn: C, 70.47; 

H, 7.39; N, 10.27, Found: C 70.55, H 7.17, N 10.43. 

 

2.5 Spectral analysis 

 The solution of synthesized Pc compounds were prepared by way of calculation, 
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weighting, dissolution and dilution, and the detected solution added in cuvette for 

UV-vis analysis was unified in the volume of 3 mL. Acid (alkali) was first dissolved 

in solvent to obtain 100000 ppm solution and then diluted into 10000, 1000, 100, 10, 

1 ppm, and so on. Effect of acid (alkali) on Pc spectra was processed by adding a drop 

of acid (alkali) solution in accordance with the concentration order from low to high 

into the cuvette with 3 mL Pc solution, and mixed and detected. The actual molar 

concentration of acid (alkali) in the detected Pc solution was calculated based on ppm 

concentration of acid (alkali), solution mass of a drop of acid (alkali), and volume of 

detected Pc solution. 

 

3 Results and discussion 

3.1 Q band split and J-dimer 

J-dimers were aggregates constructed by two Pc molecules in side-to-side form, 

which caused molecular symmetry down from monomolecular D2h to J-dimer C2v 

point group and thus led to Q band split [1]. The theoretical computations also 

showed that it was favorable for zinc Pc to aggregate in form of dimers, trimers and 

oligomers [13], especially when structurally suitable substituents linked with Pc ring 

or felicitously axial ligands existed [2,14]. But the reported Pc J-dimers were less, and 

few of them were actually obtained and successfully characterized [2]. As far as we 

knew, the rigid Pc J-dimer could be synthesized only by careful work [15], and 

non-rigid Pc J-dimers were formed only by coordination between the center metal and 

the fit substitution atom of two unsymmetrical Pcs [16,17], or by intermolecular 

interaction between two symmetrically substituted metal Pcs with their substituents 

included in size-suitable cyclodextrins [18]. 

In most cases, those symmetrically substituted metal Pcs behaving Q band splits in 
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non-coordinated solvents were concluded to be assembled into J-dimers by 

coordination between the center metal and the linker atom such as oxygen, sulfur and 

nitrogen [19-31]. However, they were not fully proven, i.e., it was very insufficient in 

credible characterizations, e.g. MS and 1H NMR [19-24], or out of proportion for the 

weak dimer MS speaks to the strong Q absorption band split peaks [25-31]. Fig. 2a 

showed that in chloroform symmetrically substituted αOZnP appeared two Q band 

split peaks: left blue peak (QL) at 706 nm and right red peak (QR) at 752 nm, which 

were ever deduced to be originated from J-dimer according to the previous conclusion 

[30,31]. But TOF-MS of αOZnP showed that only monomer peak was obvious and no 

dimer peak, even a very weak one as presented by tetra-α-aryloxy substituted zinc Pc 

[31], could be distinguished (Fig. 1). In addition, the other possible aggregate of 

αOZnP molecules in chloroform also could be ignored for that there were not two 

kinds of aggregation phenomena, occurring obvious change in the molar extinction 

coefficients of QL and QR, and appearing the inflexion point between them along with 

concentration alteration (Fig. 2a) [5,11]. All of these showed that here the Q band 

split of αOZnP in chloroform was not derived from J-dimers. 

 

3.2 Q band split and protonation  

Protonation on aza-nitrogen of Pc ring is an intensively discussed factor leading to Q 

band split [11]. As we all know, the aza-nitrogen of Pc molecule has alkalinity weaker 

than those of small aromatic amines, e.g., pridine and pyrrole, for the stronger p-π 

conjugation between aza-nitrogen and Pc ring. So the protonation of four aza-nitrogen 

atoms in Pc skeleton was weak and not same, and the first protonation could be 

realized by adding acid gradually but the second, third and fourth protonations were 

actually hard even if more much protonation reagent imported [32]. So the aforesaid 
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Q band split most likely resulted from the monoprotonation of αOZnP for existence of 

trace amount of acid from cleavage of chloroform [11]. Experimental displayed that 

αOZnP molecules were sensitive to acetic acid from 1.06×10-7 to 1.39 ×10-1 mol/L 

in which QL decreased and shifted red from 706 to 717 nm, and QR increased but did 

not obviously shift red (Fig. 2b). Comparatively, βOZnP had no Q band split 

appearance in chloroform, and appeared two split peaks till enough acetic acid mixed 

into solution but they were broad (Fig. 2c). Contrarily, adding triethylamine into 

solution of αOZnP in chloroform caused QR peaks to attenuate and disappear while 

QL rise and become the normal Q band in the end (Fig. 2d). All this showed that QR 

was a new peak generated from protonation of acid on aza-nitrogen atom in Pc 

skeleton [6,7]. The protonation also could be reflected by attenuation of shoulder 

peaks at 632 nm for αOZnP and 615 nm for βOZnP along with acid infused in 

solution of them in chloroform (Fig. 2b, c). Because shoulder peaks derived from n-π* 

transition of lone pair electron in sp2 orbit of aza-nitrogen atom [19,33-37], and 

protonation inevitably restricted the n-π* transition and weakened the shoulder peak 

absorption. Provided that no aza-nitrogen atoms in conjugate macromolecules as 

porphyrin compounds, then no typical shoulder absorptions appeared [38,39].  

 

3.3 Protonation and conjugation 

The traditional explanation on Q band split induced by proton was attributed to the 

decrease in symmetry of Pc molecules for monoprotonation of aza-nitrogen atom [32]. 

The investigations showed that low symmetric Pc molecules seldom had a Q band 

split range more than 35 nm [1,9,40], and indeed a few of them had no Q band split 

observed for spectral overlap [40]. But symmetrically substituted metal Pc molecules 

unexpectedly had an about 45 nm of Q band split range in non-coordinated solvents in 
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existence of protonation reagents [6,11,32,41], for instance αOZnP having a 46 nm of 

Q band split range in chloroform (Fig. 2a). Therefore there must be the other 

proton-induced effect to devote the so large Q band split to αOZnP. It was thought 

that protonation on aza-nitrogen atom obstructed n-π* transition of lone pair electrons 

in sp2 orbit and accordingly benefit the large π planar conjugation over Pc ring. The 

enhanced conjugation inevitably decreased HOMO-LUMO energy gap and then 

brought monoprotonated Pc with a shift-red QR relative to QL of unprotonated Pc, for 

enlarged conjugate structure and enhanced conjugation of Pc compounds generally 

leading to Q band shift red largely [5,42-45]. In terms of αOZnP, the linker oxygen 

atom is fixed by proton in nearby aza-nitrogen atom when protonation reagent existed 

for the advantage in steric hindrance (Fig. 3). The constraint on linker oxygen atom is 

similar to the hydrogen bond interaction in tetra-α-amino-substituted zinc Pc [46], 

which did not allowed α-octyloxyl group freely rotate around C-O bond linking 

octyloxy group to Pc ring and ensured p-π conjugation between linker oxygen and Pc 

ring more available to reinforce donation of lone pair electrons from oxygen through 

Pc ring to the center zinc. The result was that an electron-transferring absorption band 

at 418 nm, commonly appeared at the range from 400 to 500 nm [5,47], was observed 

and obviously elevated with increase of acetic acid (Fig. 2b). The effective p-π 

conjugation might cause the synergistic effect of another three linker oxygen atoms 

more effectively conjugating with Pc ring via delocalization of electron over Pc ring, 

as a result emerging a new molecular form (αOZnP)H+ due to monoprotonation. In 

chloroform, αOZnP could be tuned to green monoprotonated (αOZnP)H+ by enough 

acetic acid (≥2.68×10-1 mol/L) and blue proton-free αOZnP by little triethylamine 

(≥6.59×10-3 mol/L), exhibiting characteristic absorptions QR and QL, respectively (Fig. 

2b, d and Fig. 3). The absorption at 717 nm was vested in n-π* transition of 
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unprotonated aza-nitrogen atoms in skeleton of (αOZnP)H+ after acetic acid 

exceeding 2.54×10-1 mol/L and deemed as the shoulder peak of (αOPZ)H+ (Fig. 2b). 

Differently, βOZnP molecules have no stable monoprotonated form in chloroform for 

the disadvantage of in steric hindrance and synergistic conjugation as in αOZnP. So 

βOZnP had no Q band split in chloroform until enough acid imported (Fig. 2c). 

Similar differences in Q band split were also met in some reported α- and 

β-substituted metal Pcs but lacking necessary interpretation [5,40,41,48]. 

 

3.4 Effect of solvents on Q band 

In benzene (Fig. 4a), αOZnP had a Q split profile as presented in chloroform with 

acetic acid at 2.54 ≥ 10-1 mol/L, which implied that αOZnP was more inclined to form 

(αOZnP)H+ in benzene than in chloroform. The reason might be that the conjugate 

effect over Pc was further strengthened by the conjugate effect from solvent benzene 

[49] besides protonation from trace of proton-donated compounds [11]. The spectra of 

αOZnP in benzene were not changed obviously by acid but could be tuned greatly by 

alkali decreasing QR at 752 nm, and increasing and shifting the overlap absorption 

from 717 to 697 nm. When triethylamine achieved at 6.59×10-3 mol/L, QR 

disappeared completely and QL at 697 nm divorced thoroughly from overlap with 

shoulder peak of (αOZnP)H+ at 717 nm. Also the shoulder peak of αOZnP at 628 nm 

was recovered for deprotonation of aza-nitrogen by alkali. βOZnP has a spectral 

absorption in benzene similar to in chloroform with 3 droplets of acetic acid (Fig. 2c), 

which also could not be altered by adding acid but could be transformed into normal 

Q absorption by adding little alkali.  

In THF (Fig. 4b), αOZnP had no Q band split and displayed a normal Q band at 699 

nm and a shoulder peak at 628 nm due to deprotonation of oxygen atom in THF 
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molecule [50]. But the spectra began to change obviously when adding more than two 

droplets of acetic acid in tested solution. More acid caused Q band, shoulder peak and 

B band gradually decrease and synchronously spawned a new peak at 749 nm as well 

as a band at 417 nm. They were assigned as QR and electron-transferring absorption 

of (αOZnP)H+, respectively. When 20-30 droplets of acid were added in, QL and QR 

had similar profiles of αOZnP in chloroform. More than 30 droplets of acid caused the 

shoulder peak of (αOZnP)H+ revealing at 715 nm, which was indistinguishable for 

spectral overlap with QL when acid insufficient. But more than 50 droplets of acid 

could not extinguish the peak QL at 699 nm or brought spectra with further 

remarkable changes for coordination and deprotonation of solvent THF. βOZnP was 

not impacted by acid and always gave normal spectra in THF. 

 

3.5 Significance of the center metal 

Symmetrically substituted zinc Pcs more easily displayed Q band splits for zinc d10 

state and favorable planar conjugation structure based on already existing 

experimental data [3,51] and theoretical calculation [13]. Comparing αOCuP with 

αOZnP, the only difference lied in the center metal but αOCuP had no split QR peak 

besides normal Q (QL) band at 708 nm in chloroform (Fig. 5a). Adding acetic acid 

only brought αOCuP with weak absorption at 767 nm meant QR (Fig. 5a) and adding 

triethylamine gave no impact on its spectrum. In benzene, αOCuP had small QR 

absorption at 761 nm for extra conjugate effect of solvent benzene relative to 

chloroform [49]. Similarly, adding acetic acid brought it with no large change at 761 

nm (Fig. 5b) and adding little triethylamine easily distinguished QR and left αOCuP 

with normal Q band. In THF, αOCuP had a normal Q band without impact from acid 

or alkali. This showed that αOCuP could not be easily protonated by acid, namely the 
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alkalinity of aza-nitrogen atom in αOCuP was weaker than in αOZnP. That is to say 

that p-π conjugation in-between linker oxygen atom and Pc ring of αOCuP was very 

weak and then the large π planar conjugation could not be strengthened availably. So 

no electron-transferring absorption and distinct QR peak of αOCuP were observed in 

non-coordinated solvents (Fig. 5). 

 

3.6 Tuning Q band split peaks by acid 

 The phenomena that trace of acid, e.g. at 1.06×10-7 mol/L (Fig. 2b), increasing QR 

and decreasing QL of αOZnP indicated that the inherent acid in chloroform was lower 

than 1.06×10-7 mol/L. In contrast, the relatively more alkali achieving at 6.53×10-4 

mol/L was not enough to completely eliminate the QR peak in chloroform (Fig. 2d). 

Moreover even in coordinated solvent, e.g. THF, QR still could be evoked when 

enough acetic acid was imported (Fig. 4b). All these displayed that αOZnP was 

extremely sensitive to acid, especially in chloroform. Namely, αOZnP could be easily 

transferred into (αOZnP)H+ through synergistic conjugate effect induced by 

protonation of protonated reagent due to the favorable structure in αOZnP (Fig. 3). If 

taking the solution of αOZnP in chloroform as a reference sample, the effect of acid 

on αOZnP was more clearly cognized on UV-vis spectrometer. Fig. 6a showed that 

the QR increased and inversely QL decreased gradually with more acid mixed in the 

solution of αOZnP in chloroform. The large variation of QR and QL was given by 

acetic acid with a concentration range from 1.18 ×10-5 to 1.39×10-1 mol/L in which 

a linear relationship was found between the relatively alteration value of characteristic 

absorbance in QR or QL (̲A) and the concentration logarithm of acetic acid (lg c) 

(Fig. 6b). It was imagined that the linearity would endowed αOZnP with an important 

application in the facile analysis on trace of total acid included in grain, food and 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 14

medicine, etc. 

 

Conclusions  

Q band split of symmetrically substituted metal Pcs could be tuned by the center 

metal, substituted position, solvent, acid and alkali. αOZnP was inclined to generate Q 

band split in non-coordinated solvent for that the center zinc benefited planarization  

and conjugation of Pc ring, and α-substituted oxygen atom strengthened conjugation 

of Pc plane via synergistic p-π conjugation constructed by proton fastening the 

substituted oxygen with the aza-nitogen atom in Pc skeleton. Then there were two 

kinds of molecular forms αOZnP and (αOZnP)H+ in chloroform, which were 

corresponding to Q split peaks QL and QR, respectively. QL and QR of αOZnP could 

be tuned by acid and alkali in whether coordinated or non-coordinated solvents. 

Moreover, a linear relationship was found between the relatively alteration value of 

characteristic absorbance in QR or QL (̲A) and the concentration logarithm of acetic 

acid in chloroform (lg c) from 1.18 ×10-5 to 1.39×10-1 mol/L. The linearity might 

find application of αOZnP in the facile analysis on trace of total acid included in grain, 

food and medicine, etc. Nonetheless, the theoretically chemical calculation on αOZnP 

and (αOZnP)H+ is still needed to be processed in the future.  
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Captions of Figures and Scheme 

Fig. 1 Mass spectrum of αOZnP: m/z, 1089.8 for monomer. 

Fig. 2 UV-vis spectra of solutions (2.0×10-5, 5.0×10-6 and 1.25×10-6 mol/L, αOZnP 

in chloroform) (a), (1.0×10-5 mol/L, αOZnP in chloroform with acetic acid from 0 to 

2.68×10-1 mol/L) (b), (1.0×10-5 mol/L, βOZnP in chloroform after adding 0, 1, 2 

and 3 droplets of acetic acid, and 5 droplets of triethylamine in order) (c), (1.0×10-5 

mol/L, αOZnP in chloroform with triethylamine from 0 to 6.59×10-3 mol/L) (d). 

Fig. 3 Schematic representation of proposed αOZnP and (αOZnP)H+ in chloroform. 

Fig. 4 UV-vis spectra of solution (1.0×10-5 mol/L, αOZnP in benzene with 

triethylamine from 0 to 6.59×10-3 mol/L) (a), and (1.0×10-5 mol/L, αOZnP in THF 

with acetic acid from 0 to 50 droplets.) (b). 

Fig. 5 UV-vis spectra of solution (1.0×10-5 mol/L, αOCuP in chloroform with acetic 

acid from 0 to 40 droplets) (a), and (1.0×10-5 mol/L, αOCuP in benzene with acetic 

acid from 0 to 20 droplets) (b). 

Fig. 6 UV-vis spectra of the detection solutions (c0, αOZnP in chloroform with 

various concentration of acetic acid from c1 to c8) with respect to the initial solution 

(c0, αOZnP in chloroform without acetic acid) (a); and the linear relationship between 

the concentration logarithm of acetic acid in chloroform (lg c) from c3 to c7 and the 

relative difference value of altered absorbance (̲A) at around 752 nm and 706 nm, 

respectively (b). 

Scheme 1 Synthesis and molecular structures of αOZnP, αOCuP and βOZnP. 
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Characteristic absorption band split of symmetrically 
tetra-octyloxy metal phthalocyanines 
 

 

 

► Symmetrically substituted metal phthalocyanines behave Q band split; 

► The split requires zinc, α-substituted position and non-coordinated solvent; 

► The split peaks could be tuned by acid and alkali as well as solvents; 

► The altered Q absorbance is linear with the concentration logarithm of acid. 

  

 


