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Direct formation of x4-MgPc films by the micelle disruption method
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Magnesium® phthalocyanine  (MgPe)  films  have
attracted much attention as future matcrials for solar
cell [1] and  electropholograph  [2]  applications.
MgPc s known 1o exist in a number ol polymorphic
phases which arise from different molecular stacking
arrangements. The a-phase. which can be direetly
obtained by evaporation in vacuum, has an optical
absorption maximum around 695 nm: x| -MgPc has a
stronger absorption peak at 830 nm. This 830 nm
strong absorption makes the x-MgPc a belier
malerial  than «-MgPe Tor many of the ahove
mentioned technological applications.

Lp o now the only reliable method of preparing
x-MgPc has been an organic solvent treatiment of
evaporated «-MgPc [1. 2], and the obtained x,-MgPc
transtorms to the « phase by anncaling at 250 °C in
vacuum [3]. A serious problem of this echnique is
that it s difficult to make. thick x;-MgPe films
(=50 nm) [1]. Achicvement of thicker MgPc films in
Xy modification is clearly necessary in order to make
these films technologically applicable,

Recently, Saji er af. developed a new phthalocya-
mine thin film preparation technique koown as the
micelle disruption (MD) method [4 6], This method
was employed in the present work since it allows for
simple  and  inexpensive  formation  of  thick
(=2 % 10° nm) MgPo films. Saji er af., however,
used only one characterization technique. visible
absorption  spectroscopy. and  concluded  that  the
phase of MgPe (MD) was different from «. In this
work, we show unumbiguously that the phase of
MgPc (MD} is indeed x and transforms thermally to
« phase, using visible optical absorption (VIS), X-
ray ditfraction (XRD) and infrared ahsorption {[R)
measurements.

The deposition of MgPe (MD) was carried out in
a three-clectrode  cell consisting of a saturated
calomel clectrode (SCFE) as reference electrode. a
carbon bar as counter clectrode, and an indium tin
oxide (ITQ) plate as working electrode. The interior
of the cell was filled with a sonicated and well-
stirred agueous solution containing 5.0 mMm . MgPe,
0.Im 1iBr, and 1.0 mm polyethylene(13)1 I-ferro-
cenylundereyl ether (FPEG). The ITO electrode was
cleaned by sonicalion in acctone, ethanol. and
distilled water for 15 min per step. MgPe films were
prepared by controlled potential clectrolysis. A
constant potential of 0.5V relative to SCE was
applicd to the 1TO clectrode. The molecules of the
surlactant near the 1TO  electrode  were . jonized,
causing  MgPe  particles to  scgregate  from  the
aqueous solution. The deposition of MgPe particles
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occurs on the surface of the 1TO electrode as a
result. Throughout the process, the solution was
stirred slowly by magnetic stirrer and was bubbled
contuously  with nitrogen  gas. MgPe films  as
deposited on ITO. were air-dried at room temperature
and rinsed with distilled water.

MgPe(MD) films on ITO clectrodes were char-
aclerized at reom temperature by VIS, XRD. and IR
spectroscopy using” ANA-Jenway JENA-6100 spee-
tromeler, Rigaka Denki RAD-C and Bio-Rad FI's-
65 UMA-300A . Fourier  Transform  spectrometer.
respectively. MgPe films .« and x; modification
were also “prepared for comparison. The a-phase
samples were obtained by thermal evaporation of
MgPc  onto ITO  substrates in a vacuum  of
1.33 % 1¢ ¥ Pa, whereas. x; samples were obtained
by dipping «-MgPc samples in. CIH.Cl: solvent for
4 h at room temperature,

VIS spectra for. MgPe(MD)y films (1) as-preparcd
and (b} after annealing at 250 °C for 1 h in vacuom
are shown in Fig. 1. A strong peak at 830 nm, the
characteristic signature of x| phase [2], is clearly
observed in the spectrum of (a). This peak shifts to
the shorter wavelength of 695 mw in (b), indicating
the complete change of phase from x; to ¢ due to
the heat-trcatment.

Figure 2 shows XRD results for MgPe(MI}) (a)
as-prepared  and (b)) after 250 °C heat-treatment.
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Figrre [ Visible absorption spectra of Mt (a) as-prepared and
thi after Teat-treatment at 230°C for | h in vacgum,
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Fronre T XRIX patierns of MpPor™MD tab as-prepared and (b alter
heat-treatment at 250°C for Th in vacoum. XRID ix carried oot using
N lilered Cuk, radiation.

Previously reported XRD peaks of X;-MgPc appear
at 26 = 7.6° and 25.3°. corresponding W an. inter-
planar distance of 1.16 nm and an intermetal spacing
along the stacking axis of .35 nm [2]. Characteristic
XRD peaks of «-MgPc appear at 26 = 6.2°, 12.4°
and  232° [2]. XRD peaks of the anncaled
MgPe(MD) in Fig. 2 agree well with those of the
a-phase.

[R spectra of (a) as-grown MgPc(MD), (b} x,-
Mgle, (¢} anncaled MgPciMD) and (d) e-MgPc are
shown in Fig. 3 and their typical absorption peaks
are listed in Table I Similar IR spectra for a-MgPc
have been found elsewhere [7, 8], It is noted that the
peak No. 8 1s lound in (a) and (b); 1.c. as-deposited
MgPc{MD) and x,-MgPc, while peak No. 3 as
observed in (c) and (d): i.e. annealed MgPc(MD} and
ee-MgPe. The above results also confirm that the as-
grown MgPce(MD) is in x| phase and transforms to o
moedification after heat-treatment.

Finally, it 15 important to note that all the results
shown above are practically thickness independent.
Because it is simple 1o grow. mor¢ than 2 x 107 nm

thick MgPc¢ films using this technique. the MD film

TABLL 1 Typical IR peaks of Mghe m g 3

Line Absorption trequencies {cm h
Nu,
{a) {h) 9 (&
MD-MgPe  x) iorm amnealed o form
MIMpPe
| THHR) 724N s) 725(5) T231vs)
i T55(m) T55im} T35(s) 752{m)
3 . - THiim) 775{w)
4 AL vw) ROS5(vw) KOy BB vw)
i) 1055 vs) 135 50vs) 1057(s) 138
[¢ 1084t vs) FOB5{vs) [080(3) 1082(s)
7 THES(my L1115 1L18i(s5) T11A(5)
R TI28{w) 1128w
9 1165¢w) 116dfwy I TO6imy 1 16d{m)

s — strang, m — medium. w — weak and v — very.
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Fiuwre 3 1R spectra of (@) as-grown MalPelMDY by~ -Male,
{e) heal-treated MalorMTY) and (d) e-MgPe.
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Figrre 4 Phase transition scheme of MuaPe.

deposition method may become technologically
important for applications in which x,-MgPc s
needed.

[n summary, the results obtained in this work,

consistently proved that the MD method. leads o

growth of x;-MgPc, which becomes « phase by
annealing. The phase transition scheme of MgPc is
shown in Fig. 4. The MD technique allows for the
growth of thick {2 x 10° nm) x,-MgPec.
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