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Abstract

1.4

Magnesiumphthalocyanine (MgPc) is a blue pigment whose _ 1.2}
X-phase is known to exhibit an intense near-IR absorption.Z
The near-IR absorption of MgPc has been investigated fromS
the standpoints of exciton coupling effects on the basis ofo 08
the crystal structure. Two kinds of six-coordinate MgPc S 0.6}
complexes were grown from solution and their structures= 4|
were analyzed: MgPc/(B),[(N-methyl-2-pyrrolidone) o
(crystal 1) and MgPc/(2-methoxyethanglfcrystal 2). In
both crystals, two oxygen atoms of the solvent molecule are 0 :
coordinated to the central Mg atom above and below the 400 500 600 700 800 900
molecular plane, forming a distorteqd” octahedron. Of Wavelength (nm)
these crystals, only crystal exhibits anear-IR ahsorption Figure 1 Solution spectrum as well as solid-state spectra of “as
whose spectral shape is quite similar to that of the X-phase.g ted” and th pX_ h P
In addition, the X-phase is also found to contain two water< " aporatedrand ine A-phase.
molecules in the normal ambient atmosphere. The near-IR
absorption in both crystdl and the X-phase can reasonably Results and Discussion
be interpreted as arising from exciton coupling effects based
on the molecular arrangement of MgPc@. Structure of Crystals 1 and 2
In both solvated crystals stated in introduction, two O
Introduction atoms of the solvent molecules are coordinated to the
central Mg atom, forming two kinds of deformed
Magnesiumphthalocyanine (MgPc) known as a blueoctahedron complexes. Tg'd” hybrid structure of the Mg
pigment possesses several crystal modifications, amorgjom accommodates 6 ligands, four of which are the
which the X-phase exhibits an intense near-IR absorption airrounding nitrogen atoms on the molecular plane and two
shown in Fig. 1° Because of this, MgPc has recently of which are the O atoms above and below the molecular
attracted attention as a material useful for laser prfritass plane. Figs. 2(a) and (b) show the crystal structure of
well as for optical disésbased on GaAsAl laser diodes. crystalsland2. The molecules are stacked in a herringbone
Since the elucidation of the near-IR absorption is basic to aiashion along the-axis and thé-axis for crystalsl and?2.
understanding of the photoconduction mechanism, ah crystall, two kinds of stacking columns are formed side
attempt was made to characterize the near-IR absorption by side: one is the column composed of MgPgA and
MgPc from the standpoints of molecular distortion andthe other is based on NMP molecules. Since the interplanar
exciton coupling effects on the basis of single crystals. spacing along the-axis is relatively small (3.26 A), the
In the course of our investigation, we encountered twdnteraction between translationally-equivalent molecules is
kinds of solvated single crystals of MgPc when recrystalexpected large. On the other hand, the interaction along the
lized from N-methyl-2-pyrrolidone (MgPc/ (}D),[INMP), : b-axis between two translationally-inequivalent molecules is
crystal 1) and 2-methoxyethanol (MgPc/ (2-methoxy- small because of the spacer of the NMP molecules between
ethanol): crystal2).’ In both crystals, the MgPc skeleton is the MgPc/(HO), columns. In crysta®, the situation is quite
found to be slightly deformed>(symmetry). However, the different. There is only one kind of the stacking column
band splitting in crystal$ and2 due to molecular distortion composed of MgPc/(2-methoxyethano#jong theb-axis.
is too small to cause the near-IR absorption to agpear. The interplanar spacing is much larger than that of crystal
The present investigation then aims at clarifying the7.40A), since there are two solvent molecules between
mechanism of the near-IR absorption of MgPc in terms oMgPc molecules working as the spacer. This indicates that
exciton coupling effects based on the moleculathe interaction between two translationally-inequivalent
arrangement.
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molecules is much larger as compared with translationally-  4oT
equivalent molecules in crystal MgPc/(H,0),(NMP),
a) - L & 80r
“ o T o > a
"o o S ool
(&
2
G=
o 10t
0
400 500 600 700 800
Wavelength (nm)
25
MgPc/(CH,O0CH,CH,0OH),
= 20
S
s )
2 15}
=
3 10f
=
(V]
X 5|
0
400 500 600 700 800
Wavelength (nm)
(b) " )ﬂ Figure 3 Polarized reflection spectra: (a) measured on the (010)
gf)f g//i plane for crystal 1 and (b) on the (001) plane for crystal 2.

The reflection spectra for crystalexhibit no near-IR
absorption. An intense band appears around 704 nm
together with a small band around 625 nm for polarization
perpendicular to thé-axis. Polarization parallel to the
axis gives similar reflection bands around 625 and 667 nm,
although the longer-wavelength band lies at a shorter
wavelength by about 37 nm as compared with that for
polarization perpendicular to thb-axis (704 nm). This
difference is attributed to the Davydov splitting induced by
two translationally-inequivalent transition dipoles.

Judging from the above polarized reflection spectra, the
two visible bands appear in common in both crystals while
the near-IR absorption is additionally present only in crystal
1. Furthermore, polarization parallel to thexis in crystal
1 greatly enhances the near-IR absorption but almost
guenches the visible bands. These facts suggest that the
near-IR absorption arise from exciton coupling effects.

On the basis of exciton coupling model, the reflection
Polarized Reflection Spectra spectra can qualitatively be well interpreted by the
Figs. 3(a) and 3(b) show the polarized reflection spectraolecular arrangement in crystdlend2. As mentioned in
measured on single crystals for crystals and 2, the previous section, the interaction between two
respectively. In crystall, two prominent bands appear translationally-equivalent molecules along the stacking axis

around 625 and 690 nm for polarization perpendicular tés larger in crystall than in crystal2; whereasthe
thea-axis. In addition, an intense reflection shoulder is alsdnteraction between two translationally-inequivalent
observed around 752 nm in the near-IR region. On the otheolecules is larger in crystalthan in crystall. This could
hand, the shoulder in the near-IR region becomes an intenseggest that the spectral shift plays the dominant role in
band around 765 nm for polarization parallel to éhaxis  crystal 1 rather than the Davydov splitting, while the
while the two intense bands in the visible region almosbavydov splitting is the major effect in crystarather than
disappeared. the spectral shift. In fact, the near-IR absorption that

Figure 2. Projection of the crystal structure: (a) the (a,b) plane
(crystal1) and (b) the (b,c) plane (crysta).
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correspondsto a large spectral shift towards longer crystal grown from the vapor phase rapigblycrystallizes
wavelengths appears only in crysia(Fig. 3(a)); whereas in the normal ambient atmosphere probably due to moisture
the Davydov splitting is uniquglobserve in crystd 2  from the aif. These facts prompted us to assume thekth
(Fig.3(b)). pha includes water-molecules in the form of MgPc/(®),
when the sample is vapor-treated with acetortetha the
Computations for the Exciton Displacement Energies in  near-IR absorptim arises from exciton coupling effects
Crystals 1 and 2 based on the molecular arrangements of MgRQYH For
The excitan displacement energies are calculated for &his reason, we have carried out a thermogravimetric
neighboring molecules for crystalsand2 on the basis of analysis (TGA) on evaporated films of the X-phase in order
the following equatioh AE= | [ (1-3co$9) / r°, wherer  to justify the present assumption.
ard 6 denote the distance and angle between two transition
dipoles (1). The distance and angled were obtained from

the crystal structure for eadhnystal The transitionmoment
u in crystalsl and2 were calculated on the basisthe X- . 30 MgPc/(H;0)(NMP),
ray X, y, z coordinate sets using the INB@G4amiltonian. X
The results calculated for crysthls set out in Table 1. The >, t
AA or BB denotes the coupling of transition moment A (or .2
B) of one MgPc molecule with transition moment A (or B) §
of the neighboring one. Bmolecula sitesare designated g 10}
in fractional coordinates. The minus or plusnsigf AE x
denotes the bathochromic or hypsochromichisft displace-
ment. In crystall, five pairs are found to contrilrito the 400 500 500 700 800
bathochoromic shifts, leadingo tthe totd displacement
energy of about 2730 ¢mEspecially, the moleculgairs Wavelength (nm)
along the stacking axis (denoted in bold in the figure) give . .
large contribution to the bathochoromic sh@n the other Figure 4. Averaged reflection spectrum of crydta
hand, the calculation in crystal results in the
hypsochromic shift of about 2070 ¢m 00
Table 1.8 neighboring molecules aroud the molecule at 1o -HO
(000) and their displacement energies for crystal 1 S 20
@ 3.0
Transition Number of ,—? 40
. . o -1,
moment | St€ equivalent rd) 6(°) AE(cm) S s0
Molecules T 60
(1,0,0) 2 6.860 50.80 -854 =
(0,0,1) 2 13.00 54.85 2 8.0
A o 2 1336 2814 770 30 50 100 150 200 250 300 350
(1,0,-1) 2 15920 78.48 300 Temperature (°C)
(1,0,0) 2 6.860 51.14 -686 Figure 5.Weight-loss of the powdered sample of the X-please
(0,0,1) 2 13.00 38.01 -478 function of temperature.
BB
(1,0,2) 2 13.367/ 63.77 210
(1,0,-1) 2 159D 23.68  -456

Total 16 -2730 Fig. 5shows the weight-loss of powdered X-phase as a
function of temperature. Bweight-lossapparentlyoccurs
in two steps at about 160 and 28D and thes correspond
Near-IR Absorption in Crystal 1 and the X-phase exactly to the weight-loss of onmolecue (H,O/MgPc
Fig. 4 showsthe superposition of the two polarized (H,0),= 3.14 %) and two molecule¢6.28 %). This
reflection spectra for crydtal (Fig. 3(a)). The present experiment evidently indicates that ethX-phag is
averaged spectrum is strikingly similar to that of t  composed of MgPc/(}0), and that the near-IR absorption
phaseshown in Fig. 1. It should also be remembered thatis ascribed to the molecular arrangement of not MgPc alone
the near-IR absorption in crystdl is due to exciton but MgPc/(HO), Furthermore, the X-ray diffraction
coupling effects bas@ on the molecular arrangement of analysis revealed that the interplaspacir of the X-phase
MgPc/(HO),(NMP),, in which MgPc/(HO), and (NMP) alorg the stacking axis (3.32 A) is very close to that of
independently form their own stackjcolumnsalong thea-  crystd 1 (3.26 A).
axis (Fig. 2(a)). In addition, we are aware that the single
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Conclusions 4.

Crystall exhibits an intense near-IR absorption arounds.

765 nm and this mechanism can be interpreted as

arising from exciton coupling effects based on thes.
molecular arrangement of MgPc/®B),(NMP),. 7.

The X-phase of MgPc is found to comprise MgPc/

(H,0),. The near-IR absorption can be explained in thes.

same fashion as that of crysial

Coordination of water-molecules to MgPc is ascribed to
the inherent nature of magnesium atom characterized
by deliquescent properties.
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