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Synthesis and study of chemioehromie properties of highly soluble 
dysprosium octa-tert-butyldinaphthaloeyaninate 
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Chemiochromic properties of dysprosium octa-tert-butyldinaphthalocyaninate were stud- 
ied by electron spectroscopy. An initial blue form is chemically oxidized and reduced in an 
inert atmosphere to form stable green and pale green forms that are reversibly transformed 
into one another. 
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Diphthalocyanine complexes o f  lanthanides (Pc2Ln) 
have "sandwich" structures I and pronounced electro- 
and chemiochromic properties. 2-4  For  example, four 
color transitions (green, blue, red, and violet) are ob- 
served for the lutetium diphthalocyanine complex when 
the potential is varied within 1.5 V. s 

At the same time, diphthalocyanine complexes o f  
lanthanides (Nc2Ln) are scarcely studied. Only two 
lutetium complexes of  this class have been described in 
the literature. 6 

In  this work, highly soluble dysprosium bis(tetra-tert- 
butylnaphthalocyanine) wa s  synthesized, and its redox 
properties in various organic solvents were studied. 

Experimental 

Electronic spectra were recorded on a Specord M-40 
spectrophotometer in the 300--900 nm range. 

Synthesis of oeta-tert-butylflinaphthaloeyaninedysprosium 
(Net2Dy). Anhydrous dysprosium acetate (0.339 g, 1.10 -3 
tool L -l) was added to a solution of 0.938 g (1 - 1 0  - 3  tool L -t) 
of tetra-tert-butylnaphthalocyanine 7 in 200 mL of DMSO. The 
mixture was refluxed for 30 rain, filtered, and poured into 
400 mL of water. The precipitate formed was filtered off and 
dried in air. The complex was dissolved in benzene and 
chromatographed on alumina (benzene as etuent). Yield 0.508 g 
(50 %). Calculated (%): C, 75.57; H, 5.54; N, 11.00, 
CI28HlI2N16Dy. Found (%): C, 75.71; H, 5.49; N, 10.87. 
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Results and Discussion D 

The dysprosium complex is a deep-blue crystalline 
substance that is stable in air (m.p. > 250 ~ highly 
soluble in most organic solvents (benzene, methylene 0.9 
chloride, DMF, etc.), and, unlike tetra-tert-butylnaph- 
thalocyanines of transition metals, 7 stable in solutions. 

Three groups of bands in the regions of 700--780, 0.8 
580--600, and 300--420 nm are observed in the elec- 
tronic absorption spectrum of Nct2Dy (Table 1, Fig. 1). 
The first of them consists of a very intense Q-band 0.7 
(780 nm) with vibrational satellites. This band is more 
thau 100 ima bathochromically shifted compared to spec- 
tra of previously studied phthalocyanine complexes s,8 due 0.6 
to an increase in the n-conjugated system of dinaph- 
thalocyanine complexes. The band at 580--600 run is 
also typical of lutetium dinaphthalocyanine complexes 6 0.5 
(see Table 1) and is not observed in the spectra of 
naphthalocyanine complexes of transition metals. Thus, 
this band is characteristic of"sandwich" naphthalocyanine 0.4 
complexes. A similar band at 450 nm is observed for the 
green form of dinaphthalocyanine complexes of lantha- 
nides 6 (see Table 1). Its considerable bathochromic shift 0.3 
(>100 nm) is caused by an increase in the conjugated 
system of the macrocycle due to linear armelation of four 
isoindole fragments. The bands in the 300--420 nm range 0.2 
observed in the spectra of naphthalocyanine complexes of 
transition metals 7 correspond to the same transitions that 
have been found in phthalocyanine analogs. 9 

Table 1. Electronic absorption spectra of "sandwich" com- 
plexes of tanthanides 

Compound Solution ~./nm (ratio of 
intensities of bands) 

[Nct2Dy] ' Toluene 785, 742 sh, 694, 590, 
blue 420 sh, 356 sh, 329 

(3.15:0.74:0.59:1:0.87:1.42:2.49) 

[ N c t 2 D Y ]  - Tolnene-- 810, 741, 328 
pale green Et2NH (1:4.18:3.46) 
[Nct2DY] + Toluene-- 825,641,323 
green (Br2)  (1:4.88:12) 
[Nct2Dy] + HOAc(O2) 789, 687, 345, 323 
green (1:3.03:3.91:5.58) 
[Nct2Lu]'* o-DCB 758, 720 sh, 678, 582, 328 

(3.68:0.73:1:1:2.56) 
[Nct2Lu] -* o-DCB 820, 704, 326 

(1:2.97:2.72) 
[Nct2Lu] +* o-DCB 808, 616, 332 

(1:1.49:1.76) 
[pct2Dy] '** o-DCB 667, 454 
green 
[pct2DY] -** o-DCB 677, 607 
blue 
[pct2Lu] -** o-DCB 706, 622, 335 
blue (1:1.94:2.48) 

* From Ref. 6. ** From Ref. 11. 
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Fig. 1. Electronic absorption spectra of the complex Net2Dy 
(1) and its forms: oxidized by bromine (2) and oxygen in the 
presence of AcOH (3), reduced (4); toluene as solvent. 

As mentioned previously, for diphthalocyanine com- 
plexes of lanthanides an increase in the pH of solutions 
of the green form results in its transition to the blue 
form. l~ The band at 450 nm disappears, and the Q-band 
is split into two components that are well resolved for 
late lanthanides and are almost fused into one band for 
early tanthanides (see Table 1). The addition of diethy- 
lamine to a solution of the dysprosium complex in 
o-dichlorobenzenes or toluene results in the transition 
of the initial blue form into the pale green one. The 
transition is characterized by isobestic points and is 
reversible. The band at 580--600 nm disappears, and 
two new bands appear at 740 and 810 nm instead of the 
Q-band (see Fig. 1). The pale green form is stable in an 
inert atmosphere and gradually disappears in air. The 
electronic absorption spectrum of this form is similar to 
that of the electrochemically one-electron reduced forms 
of lutetium dinaphthalocyanine complexes. 6 The differ- 
ences in splitting the bands of dysprosium and lutetium 
complexes are the same as those of  their phthalocyanine 
analogs and can be due to an increase in the ionic radius 
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Scheme 1 
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of dysprosium compared to that of lutetium.ll Thus, it is 
likely that the pale green dysprosium complex obtained 
is the one-electron reduced form similar to those of 
lutetium complexes. This transition occurs at lower con- 
centrations of amine and is much faster in an o-DCB 
solution than in toluene. 

Bromine titration of a solution of Nct2Dy in o-DCB 
or toluene results in the formation of its oxidized form 
(see Fig. I), to which the bands at 640 and 825 nm 
correspond. The transition is characterized by isobestic 
points, while the color of the solution changes from blue 
to green. The bands in the electronic absorption spec- 
trum of this form are similar to those observed for the 
electrochemically generated one-electron oxidized form 
of the lutetium dinaphthalocyanine complex. 6 A gradual 
increase in the concentration of acetic acid in an 
o-dichlorobenzene solution of the dysprosium complex 
results in the transition, which is similar to one-electron 
oxidation by elementary bromine (see Fig. 1). However, 
the most intense band in the electronic absorption spec- 
trum is somewhat bathochromically shifted relative to 
that of  the analog obtained by oxidation with bromine. 
It is likely that the same oxidation of "sandwich" com- 
plexes of hafnium and zirconium diphthalocyanines by 
organic acids, which has already been observed previ- 
ously, 12 is related to oxygen traces. Bathochromic shift 
of  the bands in the electronic absorption spectra during 
oxidation of the dysprosium complex in the presence of 
acetic acid can be caused by protonation of nitrogen 
meso-atoms, which is observed, as a rule, in phthalo- 
cyanine systems) 3 

Thus, the following scheme of transitions of the 
dysprosium dinaphthalocyanine complex seems to be 
the most probable (Scheme 1). 

As in the case of diphthalocyanine complexes of 
lanthanides, the dysprosium complex synthesized exhib- 

its chemiochromic properties, which, however, are less 
pronounced. On the other hand, the potentials of these 
transitions are considerably lower, making it possible to 
use dinaphthalocyanine complexes for selective sensors. 
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