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X-ray photoelectron spectra of four porphyrins which
hardly aggregate were measured. The Cls and Nls peak
positions of these porphyrins showed almost identical values, so
that these values can be used as a standard.

Recently, solid state chemistry and physics based on metal
porphyrins are widely investigated as organic-inorganic hybrid
advanced materials.! X-ray photoelectron spectroscopy (XPS) is
one of the most powerful technique to investigate the electronic
structure of these materials in solid state,> especially for
functionalized thin layered films including self-assembled
monolayers,3 Langmuir-Blodget films,* and biological proteins
such as cytochrome ¢.> However, porphyrins tend to aggregate
in solid state.® This aggregation induces the perturbation to the
electronic structure of an individual molecule. Therefore, the
reported XPS spectra so far might be influenced by the
intermolecular interaction. In this respect, XPS study on non-
aggregate porphyrins is highly required to know the standard
values of various core ionization potentials (IPs). In this
communication, we wish to report XPS core IPs of bulky
porphyrins, 1a-d,” which hardly aggregate in solid state.

!BU\Q/‘(BU

Bu BU  1a (M=2H)
O 1b (M = Ni(Il))
Q 1c (M=Cu(lh)
B gy 1d (M=2Zn(Il)
'Bu ‘ 'B

Figure 1.

u

Compounds 1a-d were prepared according to the reported
method’ and the detailed conditions of the XPS measurements
were reported elsewhere.® The observed XPS core IPs for thin
films (ca. 50 nm thickness) prepared by sublimation in situ were
summarized in Table 1. The observed IPs for Cls and Nls of
1b-d are not different so much with each other. This is in
marked contrast to the reported results where Cls and N1s values
differ by 0.5 and 0.8 eV, respectively.®10

The following three evidences clearly show that there exists
negligible 7-7 interaction in 1a-d under the XPS measurement
conditions. First, absorption spectra of 1a-d of both solid state
and solution are nearly identical in respect to the peak position
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Table 1. XPS core IPs (¢V) for 1la-d 2
Cls Nls Metal 2py,  Metal 2p3pp
1a 285.3 398.2, 400.1
(1.9 1.7 Q.7
1b 285.2 399.0 872.5 855.2
(1.8) (1.5) (1.8) (1.7)
1c 285.3 399.0 954.5 934.7
(1.8) (1.6) 2.2) (1.8)
1d 285.3 398.9 1043.8 1021.0
(1.9) (1.7) (2.0) 2.0)

2 The spectrometers were calibrated so that the Au 4f7/, peak of the clean
sputtered metals appeared at 84.00 V. IPs are reproducible to a precision of
<+0.1 eV. Values in parentheses are the full width at half maximum.

and the full width at half maximum (FWHM) as shown in Figure
2. This is a remarkable finding, since the peak position and
FWHM of solid state and solution absorption spectra of usual
porphyins differ from each other. Second, single crystal
diffraction studies for 1a, 1b, and 1d showed that the mean
interplane distances are 6.91, 7.03, and 7.02 A for 1a, 1b, and
1d, respectively.!! The packing structure of 1b is shown, as a
typical example, in Figure 3. Due to the introduction of eight
tert-butyl groups, interplane distances are quite large and 7-T
interactions are negligible.!? Third, magnetic susceptibility of the
paramagnetic species 1d completely obeys the Curie law in the
range of 1.8-300 K indicating that the intermolecular magnetic
exchange interaction is negligible. However, the central
paramagnetic metals interact in a ferromagnetical or
antiferromagnetical manner in the case of non-bulky
porphyrins. 13
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Figure 2.  Absorption spectra of 1b in CHCI3 (dotted line)
and for evaporated thin film (solid line).
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Figure 3.

Packing structure of 1b. Mean interplane distance
is 7.03 A.

It is well known that IPs of N1s behave as a sensitive
probe for the effect of the electron densities of porphyrins, e.g., a
large shifts, 2.0 eV, induced by substituents were reported.!4
Especially, net electron population of metals and ligands are
considered to behave as a function of electronegativity of the
incorporated metals.!> However, the differences of our
reproducible values among 1b-d are quite small and in the range
of 0.1 eV. This concludes that the electronegativity of the
incorporated metals has only small influence on IPs of N1s. The
shift induced by the metals reported in the literature (0.8V)? may
be attributable to the intermolecular n-x interaction, i.e., highly
polarized porphyrin macrocycle induced by electropositive
metals, such as zinc, interact strongly with the adjacent porphyrin
to cancel the charge in a slipped stacked manner in solid state.16
The degree of this aggregation in the solid state will be expected
to obey the electronegativity of the metals.!1® Therefore, we
conclude that the present IP values can be used as standard values
for XPS study on various porphyrins.

This work was supported in part by Grant-in-Aid for
Scientific Research on Priority Area (#11136222 "Metal-
assembled Complexes” to K-iS, #10137208 "Carbon Alloy" to
SH, and #10146103 "Creation of Characteristic Delocalized

Chemistry Letters 1999

Electronic Systems” to YS) from Ministry of Education, Science,
Sports and Culture, Japan.

References and Notes

1 J. S. Miller and A. J. Epstein, Chem. Commun., 1998, 1319.

2 A. Ghosh, Acc. Chem. Res., 31, 189 (1998).

3 J. Zak, H. Yuan, M. Ho, L. K. Woo, and M. D. Porter, Langmuir, 9,
2772 (1993).

4 S, Carniato, H. Roulet, G. Dufour, S. Palacin, A. Barraud, P. Millie,
and 1. Nenner, J. Phys. Chem., 96, 7072 (1992).

5 K. Ichimura, Y. Nakahara, K. Kimura, and H. Inokuchi, J. Mater.
Chem., 2, 1185 (1992).

6 C. A. Hunter and J. K. M. Sanders, J. Am. Chem. Soc., 112, 5525
(1990).

7 T. K. Miyamoto, N. Sugita, Y. Matsumoto, Y. Sasaki, and M. Konno,
Chem. Lett., 1983, 1695.

8 S. Hino, K. Umishita, K. Iwasaki, K. Tanaka, T. Sato, T. Yamabe, K.
Yoshizawa, and K. Okahara, J. Phys. Chem. A, 101, 4346 (1997).

9 D. H. Karweik and N. Winograd, Inorg. Chem., 15, 2336 (1976).

10 The FWHM of Cls are larger than usual single component organic
molecules, because the peaks arising from twenty carbon atoms of
porphyrin nucleus are overlapped by those of fifty five carbon atoms of
the substituents.

11 Crystal Data. 1a: [1a]{[n-heptanelp: CggH|26Ny4, triclinic, P1(#2),
0.55 X 0.18 X 0.18 m£n3, -49.7 °C, Mo-Ka, a = 14.271(3), b =
15.538(3), ¢ = 9.417(2) A, o = 95.62(2), B = 104.93(1), v = 90.372)°,
V = 2006.8(7) A3, Z=1, R = 0.063, Ry, = 0.062, GOF = 1.09 for
5302 independent reflections (I>3.005(1)), Reflection/Parameter Ratio =
11.28. 1b: [1b];[n-heptane]y: CooH24NgNiy, triclinic, P1(#2), 0.80
X 0.30X0.30 mm?3, -49.7 °C, Mo-Ka, a = 14.333(3), b = 15.461(4), ¢
= 9.417(2) A, o = 96.59(2), B = 105.48(2), y = 89.94(2)°, V =
1996.9(8) A3, Z =1, R = 0.051, Ry, = 0.069, GOF = 1.78 for 8042
independent reflections (I>3.005(I)), Reflection/Parameter Ratio = 18.66.
1d: [1d]{[n-heptane]y: CogH124N4Zny, triclinic, P1(#2), 0.95 X 0.13
X 0.05 mm3, -45.7 °C, Mo-Ka, a = 14.474(3), b = 15.574(3), ¢ =
9.471(2) A, o = 96.40(2), B = 103.69(2), ¥ = 91.44(2)°, V = 2058.4(7)
A3,2=1,R =0.077, Ry, = 0.077, GOF = 1.50 for 3556 independent
reflections (I>3.005(1)), Reflection/Parameter Ratio = 8.25.

12 Takami et.al reported the structure of sublimated thin layer film for 1d
using scanning tunnelling microscopy: a) T. Takami, J. K. Gimzewski,
R. R. Schlittler, T. Jung, Ch. Gerber, K. Sugiura, and Y. Sakata, 50th
National Meeting of the Japanese Physical Society, Kanagawa, March
1995, Abstr., 28p-PSB-29. b) T. A. Jung, R. R. Schlittler, and J. K.
Gimzewski, Nature, 386, 696 (1997).

13 B. J. Conklin, S. P. Sellers, J. P. Fitzgerald, and G. T. Yee, Adv.
Mater., 6, 836 (1994).

14 P. G. Gassman, A. Ghosh, and J. Almlof, J. Am. Chem. Soc., 114,
9990 (1992).

15 M. Zerner and M. Gouterman, Theor. Chim. Acta, 4, 44 (1966).

16 Using a model compound, we demonstrated the degree of aggregation for
metalloporphyrins is governed by the electronegativities of incorporated
metals: K.-i. Sugiura, G. Ponomarev, S. Okubo, A. Tajiri, and Y.
Sakata, Bull. Chem. Soc. Jpn., 70, 1115 (1997).



