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Variations of the electron paramagnetic resonance parameters of the copper phthalocyaninates due to the paramagnetic and
diamagnetic metal ions substituted into the outer cells of eight 12-membered tetraazamacrocycles are found to be very slight and
this slight difference is attributed to the electronegativity of the substituted metal.

Electron paramagnetic resonance (EPR) spectra of the
copper phthalocyanine (CuPc) have been studied pre-
Viously.lf3 However, so far, Cu’" phthalocyaninate sub-
stituted with eight 12-membered tetraazamacrocycles and its
nonanuclear Ni**, Co®", Zn*>" and Cu®>* complexes have
not been studied. It is the purpose of this study to investi-
gate the EPR parameters of these complexes. The cells and
the synthesis of the complexes shown in Fig. 1 are given in
an earlier study.*

The energy level picture of the CuPc’ is shown in Fig. 2.
According to this orbital picture, the unpaired electron of
the Cu®>" ion of CuPc is in the antibonding dy,_, orbital. If
o 1s the coefficient of d;fzﬂ.z in the antibonding orbital and A
is the spin—orbit coupling constant for a 3d electron, the A
and A, components of the hyperfine structure constant are
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Fig.1 Nonanuclear M?* complexes of copper phthalocyaninate
substituted with eight tetraazamacrocycles
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Fig. 2 Bonding picture of CuPc

given as:’
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where K is the Fermi contact parameter describing the
s-electron effect on the Cu nucleus and P = 2Bgnfn(r) is
the dipolar hyperfine coupling parameter of the unpaired
electron (P = 0.036cm™"). In this study, assuming both A4
and A, are negative and assuming P = 0.036cm™' > and
the experimental gy, g, values, we obtained the K and o?
values from eqn. (1).

Figure 3 shows the EPR spectrum of CuPc with eight
12-membered tetraazamacrocycles that are devoid of metal
ions; the spectra in the presence of various paramagnetic
and diamagnetic ions in the centres of the outer cells (Fig. 1)
are similar to this. The upper spectrum is a simulation of
the lower one. The spectra are axially symmetric and exhibit
the nine superhyperfine structure lines from the four
nearest N nuclei with an approximate intensity distribution
of 1:4:10:16::19:16:10:4:1. The superhyperfine coupling con-
stant of N is approximately 16 G. The CuPcCug sample
gives only one EPR line, g = 2.146, without hyperfine and
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Table1 The experimental EPR parameters of powder copper phthalocyaninate substituted with eight

tetraazamacrocycles and its nonanuclear Zn?*, Co?*, N

i2" and Cu®* complexes (Ag = 0.002, Aa = 0.4 G)

Acronym M’ 8 g1 A"/G AL/G g ag
CuPc(¢) ¢ 2.154 2.052 212.0 17.0 2.086 82.0
CuPcZng Zn 2152 2.053 209.3 16.8 2.086 81.0
CuPcCog Co 2.148 2.052 209.3 16.0 2.084 80.4
CuPcNig Ni 2.148 2.052 209.3 16.0 2.084 80.4
CuPcCug Cu - - - - 2.146 -
3005 G Table 2 The calculated EPR parameters of
I T L T \ powder copper phthalocyaninate substituted
Ay g 91 with eight tetraazamacrocycles and its
nonanuclear Zn%*, Co?* and Ni%2* complexes
AL Complex K o?
CuPc(¢) 0.314 0.797
CuPcZng 0.311 0.785
CuPcCog 0.308 0.781
CuPcNig 0.308 0.781

160 G }
—

Fig. 3 EPR spectrum of CuPc with empty outer cells at room
temperature; the upper spectrum is a simulation of the lower using the
Bruker Win-EPR program

superhyperfine lines and has a width of ~200 G. The line-
width does not change very much with decreasing tempera-
ture (down to 113 K) and should be the result of the dipolar
and exchange interactions between the copper ions.

Neimann and Kivelson’ have shown that even in the
presence of only diamagnetic metal ions the Pc complexes
exhibit a strong characteristic EPR line, which they
attributed to a free radical. We have also observed this line
for all of our samples and it is indicated with an arrow
in Fig. 3. The g value of this line is g=~2.0037 and is in
complete agreement with that of the literature.”

The EPR parameters were obtained by simulating the
spectra with the Bruker Win-EPR program. The results for
the various copper phthalocyaninates are given in Table 1.
As seen from Table 1, the hyperfine coupling (a) values

decrease slightly as the substituted ion is varied, in the order
¢, Zn, Co and Ni. This order is the same as the electro-
negativity order Cu (1.9) > Cox=Ni (1.8) > |n (1.6) > ¢.
The numbers in parentheses are the electronegativities of the
elements.® Therefore, it may be stated that the ions in the
outer cells of the CuPcs in this study attract the central
unpaired electron according to their electronegativity.
Within the limits of the experimental errors, the values of g
in Table 1 do not appear to vary. The calculated results of
K and o values given in Table 2 seem to support the above
conclusion since they decrease as the electronegativity
increases, indicating an increase in the covalent character of
the unpaired electron.

Experimental

The spectra were recorded at room temperature with a Varian
E-109C model EPR spectrometer using 100 kHz modulation. The
modulation amplitude was 0.6 G and the microwave power was
around 2 mW. The low temperature measurements were made using
a Varian temperature controller. The g factors were determined by
comparison with a diphenylpicrylhydrazyl sample of g = 2.0036.
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