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d Gebze Institute of Technology, Department of Chemistry, Gebze 41400, Turkey

h i g h l i g h t s

� Electronic, FTIR, Raman spectra of In-
ClTPc and Ga-ClTPc in chloroform and
in situ light absorption of Langmuir
monolayers.
� In-ClTPc forms the oblige cooplanar

aggregate while Ga-ClTPc creates the
H-type aggregate.
� The dyes in Langmuir–Blidgett layers

are oriented nearly vertically in
relation to the gold substrate.
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a b s t r a c t

The paper deals with spectroscopic characterization of metallic phthalocyanines (Pc’s) (indium and gal-
lium) complexed with chlorine and substituted with four benzyloxyphenoxy peripheral groups in bulk
systems, 2D Langmuir monolayers and Langmuir–Blodgett nanolayers. An influence of the molecular
structure of dyes (the presence of metal and of substitutes attached to the phthalocyanine macroring)
on the in situ measurements of light absorption is reported. Molecular arrangement of the phthalocyanine
molecular skeleton in the Langmuir monolayers on water substrate and in the Langmuir–Blodgett nano-
layers is evaluated. A comparison of the light absorption spectra of the phthalocyanine monolayers with
the spectra of the dyes in solution supports the existence of dye aggregates in the monolayer. It was
shown that the type of dye aggregates (oblique and H types) depends markedly on the dye molecular
structures. The NIR-IR, IR reflection–absorption and Raman spectra are also monitored for Langmuir–
Blodgett nanolayers in non-polarized and polarized light. It was shown that the dye molecules in the
Langmuir–Blodgett layers are oriented nearly vertically with respect to a gold substrate.

� 2014 Elsevier B.V. All rights reserved.

Introduction

Since the past decades phthalocyanines have been a subject of
numerous papers because of their unique spectroscopic, photo-
electric and magnetic properties [1]. Pc’s are usually characterized

http://dx.doi.org/10.1016/j.saa.2014.02.178
1386-1425/� 2014 Elsevier B.V. All rights reserved.

Abbreviations: Pc, phthalocyanine; Ga-ClTPc, gallium–chlorine benzyloxyphen-
oxy phthalocyanine; In-ClTPc, indium–chlorine benzyloxyphenoxy phthalocyanine;
L, Langmuir; LB, Langmuir–Blodgett; DMSO, dimethyl sulfoxide; HWFM, half width
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by large absorption coefficients and some of them are known as
thermally stable molecular materials. They are still a subject of
many studies due to their potential applications in science and
technological fields due to their particular properties. Phthalocya-
nines are able to create coordination bonding, molecular aggre-
gates, organic polymers and low-dimensional semiconductors
and so on [1,2]. Moreover, because of their well known photoactiv-
ity more and more attention is put in investigations directed to-
wards conversion of light energy to electric energy,
photodynamic therapy, modeling of artificial photosynthesis, pho-
tocatalysis and tailoring sensors [1–7].

Characterization of nanolayers (mono- and multilayers) is ex-
tremely important when organic materials are supposed to be used
as electronic elements in molecular electronic and optoelectronic
devices in which they are in a close contact with metal or semicon-
ductive electrodes. Therefore, it is interesting to follow their prop-
erties and processes occurring in ultra-thin films with densely
packed dye molecules. In thin films their thickness can be con-
trolled in the order of nanometers and their studies can give infor-
mation on organic material-interface and organic molecule
interactions. Moreover, the molecular arrangement in ultra-thin
films can be also kept under observation. As a lot of phthalocyanine
dyes are rather insoluble in organic solvents, substitution of dyes
with peripheral groups allows to intensify their solubility. In this
paper Pc derivatives – indium-chlorine phthalocyanine and gal-
lium–chlorine phthalocyanine substituted with benzyloxyphenoxy
peripheral groups are dissolved in chloroform because of their per-
fect solubility in this solvent. Besides fast evaporation of chloro-
form is also essential while forming dye Langmuir (L) layers.
Moreover, some phthalocyanines show a trend towards aggregated
structure creation when molecules are in highly concentrated solu-
tions or densely packed in thin films [2,8].

Bulk systems and thin solid films can be characterized by the
use of different spectroscopic and microscopic methods [9–16].
In this paper we take full advantage of Langmuir technique sup-
ported by the in situ measurements of light absorption. We also
decided to benefit from IR transmission spectra of the samples in
a bulk system and reflection–absorption spectroscopy of Lang-
muir–Blodgett (LB) layers in polarized light and also from Raman
spectroscopy. With the use of these experimental methods we
can get information on interaction of molecules with their vicinity
(subphase and neighbor molecules). The L and L–B layer properties
of In-ClTPc and Ga-ClTPc substituted with benzyloxyphenoxy
peripheral group are presented. However, the in situ investigations
were also done by us in [8] and also presented in [9] but for differ-
ent porphyrin/phthalocyanine dyes.

In our previous paper [8] we reported the results of the in situ
measurements of light absorption of L monolayers of copper Pc’s
substituted with tetra-tert-butyl and octakis(octyloxy) groups. In
this paper we present the influence of metal ion (In or Ga) with
covalently attached chlorine in the main p-electron macroring on
some spectroscopic properties of the dyes in solution, monolayers
and multilayers. Thus, firstly we extend our UV–Vis investigations
done in organic solvents [10] with the use of the UV–Vis in situ
measurements of light absorption for Langmuir monolayers. Sec-
ondly, we perform IR transmission spectra in KBr and polarized
reflection–absorption spectra of LB layers on a gold plate as well
as Raman spectra of the dye powder and LB systems. The molecular
arrangement of the dyes in the L monolayers and L–B nanolayers is
also evaluated.

Materials and methods

In these studies we present investigations of two metallic
phthalocyanine dyes: 2,3-tetrakis(4-benzyloxyphenoxyphthaloc-
yaninato)indium(III) (named herein 1) and 2,3-tetrakis(4-ben-
zyloxyphenoxyphthalocyaninato)gallium(III) (named herein 2) in
KBr, powder and in a form of Langmuir monolayers and Lang-
muir–Blodgett nanolayers. The detailed description of chemical
synthesis of the dyes is presented in [10–17]. The molecular struc-
tures of the dyes under investigations are shown in Scheme 1.

A Varian spectrophotometer Cary 4000 is applied for recording
of the electronic spectra in the range 300–800 nm. Absorption
spectra of the dyes in chloroform are done for the 10�6, 10�5 and
10�4 M samples.

We have also done the in situ measurements of light absorption
of the dye L layer to get information about closely packed dyes in a
compressed ultra-thin layer. The samples are dissolved in chloro-
form in view of their perfect solubility in this solvent and suffi-
ciently fast evaporation to receive good L and LB layers. The L
monolayers and the LB layers of the samples are created with a
KSV 2000 minitrough (KSV Instruments Ltd.) equipped with a
temperature control system. The Langmuir trough area is
364 � 75 mm2. Temperature of subphase is achieved and kept con-
stant (20 �C) with a cooling circulator. Deionized water (electrical
resistivity 18.2 MO cm – Mili-Q Milipore Corp. water purification
system) as the subphase is used. The sample dissolved in chloro-
form (10�4 M) is carefully spread on the subphase and chloroform
evaporation takes 15 min. A floating film of the L layer is com-
pressed symmetrically from both sides with motion barrier speed
of 5 mm/min. The LB layers (5 layers on each side) are deposited
on a gold plate (average transfer ratio = 0.92).

Scheme 1. Molecular structure of dyes 1 (2,3-tetrakis(4-benzyloxyphenoxyphthalocyaninato)indium(III)) and 2 (2,3-tetrakis(4-benzyloxyphenoxyphthalocyaninato)
gallium(III)).
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