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ABSTRACT

Silicon 2,3-naphthalocyanine bis( trihexylsilyloxide) has been shown to be
an excellent absorber with a narrow band in the near infrared region.
Information with respect to the position of the absorption band in various
solvents is needed in order to fully exploit the optical properties of this
compound and its derivatives in possible applications. This article reports
the experimental results of the effect of various solvents on the position of
the electronic absorption band (Q-band) in silicon 2,3-naphthalocyanine
bis( trihexylsilyloxide). The shifts in nonpolar and polar solvents are
accounted for on the basis of known relationships involving refractive
indices and dielectric constants of the solvents.

INTRODUCTION

Near infrared absorbing dyes have been reported as having applicability
in materials for use in optical recording media, printers, displays,
filters, infrared photography, photosensing, and medical and nonlinear
optics.!? Properties of particular interest are a strong absorption in the
near infrared at similar wavelengths to those of the emission wavelengths
of semiconductor lasers, high light fastness, and good resistance to
chemical and thermal degradation. Many existing near infrared dyes lack
one or more of these characteristics. Naphthalocyanine derivatives
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Fig. 1. Structure of 2,3-metallo-naphthalocyanine.

generally meet these requirements and are amongst the various potential
candidates which have been proposed for use in the above mentioned
applications.> Of particular interest are the metallo-naphthalocyanines
represented by the structure shown in Fig. 1. The 2,3-isomer is distin-
guished from the 1,2-isomer in the positioning of the outermost
phenyl rings, which in the former case are more symmetrically placed
along the four arms of the molecule. Naphthalocyanines based on a
large number of elements have been reported, the most common of
which are the Al, Cu, Mg and Si complexes. Magnesium 1,2-naphthalo-
cyanine was first reported in 1936 (Ref. 4) and the 2,3-isomer of
naphthalocyanine was first synthesized in 1971 (Ref. 5). Referring to
Fig. 1, replacement of four outer phenyl rings with double bonds
gives what is called a metallo-phthalocyanine and further removal of
outer phenyl rings gives tetraazoporphyrin, a well studied class of
compounds.®

The compounds are usually prepared with alkyl substituents in the
outer phenyl rings or ligands attached to the central atom and stretched
out normal to the plane of the main molecule, in order to increase the
solubility in organic solvents via steric hindrance offered by the heavy
and long chain ligands. This increased solubility is required for various
applications and a further advantage of such structural modifications is
in their ability to alter the position of absorption bands. Various applica-
tions and methods employed to synthesize such compounds are described
in Refs 7 and 8.

Wheeler et al’® initially reported silicon 2,3-naphthalocyanine bis(tri-
hexylsilyloxide) (henceforth referred to as SiNc). The structure of this
molecule is essentially that shown in Fig. 1, with M representing Si bearing
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two ligands, OSi(n-C¢H,;);, each one attached to either side of the
naphthalocyanine plane. UV/visible absorption and fluorescence spectra
of SiNc have been reported®’ in methylene chloride solution.

In a recent communication,'® we have demonstrated the potential of
SiNc for use as a pigment in an invisible, IR-readable printing ink. Both
excitation and detection wavelengths lie within the IR region. Some other
applications have also been reported.!'"'

The electronic absorption spectra of SiNc in various solvents are
reported in this present work and the results are supported by calcula-
tions using known relationships in terms of the refractive indices and the
dielectric constants of the solvents used.

EXPERIMENTAL

Figure 2 shows the experimental equipment employed in this study. A
tungsten filament illuminates the sample, placed in optical glass cuvettes
with path length of 1 mm, through appropriate optics and a chopper.
The transmitted light is then passed through a monochromator and is
detected by a single element Si detector. The output of the detector is fed
to a lock-in amplifier. A concave holographic grating with 1200 grooves
mm~! was used in the monochromator which gives a spectral range of
300-850 nm. The grating is blazed at 450 nm in second order. The wave-
length accuracy is 1 nm. The monochromator is operated by a stepper
motor operating under computer control. The Si detector gives a fairly
flat response in the spectral region of interest. Phase sensitive detection
using a chopper and lock-in amplifier improves signal to noise ratio and
provides the required amplification. SiNc was acquired from the Aldrich
Chemical Company (Milwaukee, WI, USA).

Monochromator
Light ~ Sample ,~ Si Detecor
*—_- L
A
Chopper

,{Lock in Amplifier |
|Driver |(— Computer

Fig. 2. Experimental equipment for optical spectroscopy.
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Fig. 3. Visible and near IR absorption spectrum of SiNc¢ in hexane.

RESULTS AND DISCUSSION

Figure 3 shows a typical visible and near IR absorption spectrum of
SiNc in hexane. The general features of the spectrum are essentially un-
changed from solvent to solvent, except for a shift of the absorption
band on the frequency axis. The shoulder marked as ‘x’ in the middle of
two small peaks is, however, not as pronounced in the other solvents
used. The positions of the intense and well-defined absorption peaks of
the Q-band in various solvents are shown in Table 1. The relationship
between the solvent nature and the shift in absorption band (solvato-
chromism) can be attributed to changes in the electronic distribution, i.e.
dipole moment, from the ground state to the excited state of the absorbing
molecule.'® For a nonpolar solute, only dispersion forces (London forces)
are operative and this results in a small red shift of the absorption
band in a solvent of refractive index n, proportional to (n* — 1)/(2n* + 1),
in wavenumbers, as proposed by Bayliss and McRae.'"!” In a polar
solvent, however, in addition to dispersion forces, the solvent Stark effect
contributes significantly to solvatochromism; the shift in wavenumbers is
proportional to (¢ — 1)(2e + 1)/e, where ¢ is the dielectric constant of the
solvent.!* These shifts are measured with respect to the vapor phase
absorption, which is not available for SiNc. The position of the Q-band in
the vapor phase, and the proportionality constant for nonpolar solvents,
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TABLE 1
Experimental and Calculated Spectral Shifts of the Q-Band Absorption Peak

Solvent n € Anax Av Av,y,. Avy. Av
(+/—0-5nm) (exp) (Dispersion) (Stark) total

Hexane 1-38 1-88 764 800 799 67 805-7
Tetrachloroethylene 1-51 2:3 772 935-1 978-9 63 9852
Toluene 15 238 774 969 965 67 9717
Trichloroethylene 1-48 342 772 935-1 940-7 11-1 951-8
Phenetole 1-51 422 774 968-6 978-9 144 9933
Chlorobenzene 1-53 5-62 774 968-6 10035 20-1 10236
Cyclohexanol 147 9 774 968-6 927-5 338 961-3
Pyridine 1-51 124 778 1035 9789 475 10264
Cyclohexanone 1-45 183 774 969 900-6 71-1 971-7
Methylethyl ketone 138 18-5 770 902 7997 71-9 871-6
Acetone 1-36 20-7 770 902 7687 80-7 8494
Dimethylformamide 143 37 776 1002 8729 1459 10188
Ethanol 1-36 24-6 768 8677 768-7 963 865

were then calculated from the experimental spectra in hexane and
toluene. The proportionality constant for the Stark effect was derived
from the spectrum in acetone. The following results were obtained and
used to compute shifts in other solvents (Table 1).

The position of the longest wavelength absorption peak of the Q-band
in the vapor phase was at 720 nm.

For nonpolar solvents Ay =4252(n> — 1)/2n* + 1) )
For polar solvents Av=4252(n> — 1)/(2n2 + 1)+ 2(s — D& + 1Y (2)

For solvents with a small dielectric constant (i.e. nonpolar), the contri-
bution of the Stark effect is either small or negligible, but the effect is
appreciable for polar solvents. The calculated shifts were plotted against
the experimentally determined values, as shown in Fig. 4; the correlation
between the experimental and calculated shifts is good, which not only
confirms the validity of the theoretical considerations used, but also
enables a prediction to be made of the shift in other solvents.

The proportionality constant estimated above can also be related to
the oscillator strength, f, of the excitations involved, as described by
Bayliss'® for a nonpolar solvent:

Av = 1071 X 10° (flva®)(n® — 1)/2r? + 1) 3)

where a is the radius of the solvent cage around the solute molecule.
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Fig. 4. Experimental versus calculated shifts in the position of the Q-band of SiNc.

Thus, with the proportionality constant equal to 4252-0, we obtain
fla® =52 x 107 4)

A value of /= 3-8 is obtained if we use a = 9A, the arm length of SiNc.

However, when the solvent molecule is much smaller than the solute
molecule, so that it can adjust itself in the ‘corners’ of the latter, a
changes to an ‘effective’ value which may be very different from the
actual one. The effective value of a can be found from eqn (4), if f is
computed by other means.

The reflection spectrum from a thin solid film prepared by offset printing
on a glossy white paper was reported in our previous communication. !

CONCLUSION

Experimental results for the solvatochromic shifts for SiNc are presented
in various solvents and the position of the longest wavelength absorption
of the Q-band electronic transition is tabulated. The shifts in nonpolar
solvents are due to dispersion forces and depend on the refractive index
of the solvent. In polar solvents, in addition to the dispersion effect, the
Stark effect affects the shift, which depends on the dielectric constant of
the solvent. The shifts calculated from its known dependence on refractive
indices and dielectric constants agree with the experimental results.
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