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Vacuum sublimed thin films of copper phthalocyanine were 

prepared at room temperature. The optical properties of thin CuPc films 
have been investigated in the spectral range 200-2100 nm. The refractive 
index n as well as the absorption index k were calculated before and after 
annealing. It is obvious that the refractive index showed an anomalous 
dispersion in the absorption region as well as normal dispersion in the 
transparent region. The analysis of the spectral behavior of the absorption 
coefficient, α in the absorption region revealed direct transitions. The 
analysis of α as well as the dielectric constants ε1 and ε2 reveals several 
absorption peaks at photon energies given in the text. The fundamental and 
the onset energy gaps could also be estimated as 2.74+0.02 and          
1.64+0.02 eV respectively. 
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Introduction 

Phthalocyanines are today clearly regarded as optical materials, thin 
applies to organic dye layers in general. The analysis of the optical film 
properties naturally enforces the application of the theoretical and 
experimental skills of thin film optics to the mentioned molecular system     
[1-3]. Another important fact emphasizes the significance of thin film 
spectroscopy in application to condensed molecular matter. The points is, 
that due to the weak Van der Waals interaction between molecules in 
compared with the free molecule [2-4]. These materials are generally p-type 
semiconductors and have the advantage of being sufficiently stable towards 
chemical and thermal treatment. They can easily be sublimed and resulting 
in high purity thin films without decomposition. 

 
In the present work, thin films of copper phthalocyanine have been 

fabricated by thermal evaporation onto quartz substrates. Optical constants 
and oscillating parameters have been determined. Moreover the visible and 
near ultraviolet absorption spectra have been measured. The fundamental 
and the onset energy gaps could also be estimated and discussed. 

 
Experimental Details 

The copper phthalocyanine (CuPc) powder used in this study is 
obtained from Kodak, U K (99.97%). Thin CuPc films of different 
thicknesses were prepared by conventional thermal evaporation technique, 
using a high vacuum coating unit (Edwards type E 306 A, England). The 
films are deposited onto optically flat quartz substrates. Since the state of the 
substrate surface greatly affects the growth of the deposited film, therefore 
cleaning the surface of substrate is very important. The films were deposited 
from a quartz crucible source heated by a tungsten coil in a vacuum of 10-4 
Pa during deposition, the temperature of substrates were kept at room 
temperature. The deposition rate was controlled at 2.5 nms-1 using a quartz 
crystal thickness monitor (Model FTM6, Edwards Co., England). 

 
The transmittance T (λ) and the reflectance R (λ) of the films were 

measured at normal incidence in the spectral range 200 – 2500 nm using a 
double – beam spectrophotometer (JACO) model V-570 UV- VIS- NIR). 

 
The absolute values of the measured transmittance and reflectance 

after correction of the absorbance and reflectance of the substrate are given 
by [8,9] 

 
T =  (1 – Rq)                                                   (1) 
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where Ift and Iq are the intensities of light passing through the film–quartz 
system and that through the reference quartz, respectively, and Rq the 
reflectance of quartz substrate, and  

 

R =  Rm [1 + (1 – Rq)2] – T2Rq                         (2) 
  

where Im is the intensity of light reflected from the reference mirror, Ifr is the 
intensity of light reflected from the sample reaching the detector and Rm the 
mirror reflectance. 

 

To calculate the refractive index n and the absorption index k of the 
films, a computer program comprising a modified search technique [8] based 
on minimizing (∆ R)2 and ∆ T)2, simultaneously was used, where 

 

 (∆R)2 = |R(n,k) – Rexp)|2                                      (3) 
 

 (∆T)2 = |T(n,k) – Texp|2                                        (4) 
 

where, Texp and Rexp are the corrected values of T and R respectively, and 
R(n,k) and T(n,k) are the calculated values of T and R, using the Murmann's 
exact equations [8,9]. 

 
Results and Discussion 

The spectral distribution of T(λ) and R (λ) measured at normal 
incidence in the wavelength range 200-2100 nm for as deposited CuPc films 
in the thicknesses range 16.602nm were shown in Fig. (1a). Measurements 
were also performed for the same samples after being annealed at 473 K 
under vacuum of 10-1 Pa for two hours and represented in Fig. (2b). It could 
be noted that at longer wavelengths (λ > 900 nm) all films become 
transparent and no light is scattered or absorbed as R+T=1 i.e. nonabsorbent 
region. The inequality (R+T) < 1 at shorter wavelengths (λ < 900 nm) due to 
existence of absorption (absorbing region). After the determination of the 
film thickness, the bivariance search technique have been used [8,9] to 
determine the real and imaginary parts of the complex refractive index from 
the absolute values of transmittance and reflectance of films, using 
Murmann's exact formulas as mentioned above. Taking into account, the 
experimental error in measuring the film thickness to be +2 % and in T and 
R to be +1 %, the error in the calculated values of n and k was estimated to 
be 3 % and 2.5%, respectively. The optical constants were found to be 
independent of the film thickness for the studied films. As can be seen in 
Fig. (2) there are a distinct characterized peaks in the spectral distribution of 
absorbance of CuPc thin films before and after annealing. As observed, there 
is no effect of annealing temperature on the behavior of absorbance. 
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Fig. (1):  The spectral distribution of T (λ) and R (λ) for : a) as deposited CuPc thin films 

and  b) annealed CuPc thin films. 
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Fig. (2): The dispersion curve of refractive index n (λ) for: a) As deposited CuPc 

thin films and  b) Annealed CuPc thin films 

n 
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Fig. (2) shows the dispersion of the refractive index n (λ), in the 
wavelength range 200-2100 nm for as-deposited CuPc films and after 
annealing. The observed values represent the mean values determined from 
films of different thicknesses. 

 
Fig. (3) The spectral behavior of the absorption coefficient a for 

A – As deposited CuPc thin films          B - Annealed CuPc thin films 
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The spectral distribution of the absorption coefficient α = 4πk/ λ for 
the investigated CuPc films either as deposited or after being annealed is 
shown in Fig. (3). The distinct characterized peaks in the visible region have 
generally been interpreted in terms of π-π* excitation between bonding and 
antibonding molecular orbitals [10]. 

 
The high energy peak of the Q-band hand has been assigned 

assigned to the first π-π* transition on the phthalocyanine macrocycle [11]. 
The low energy peak of the Q-band has been variously explained as a second 
π-π* transition [11]. The present observation of similar structure of CuPc 
before and after annealing on the visible and Soret bands is taken as 
supporting evidence for explanation of structure in terms of a molecular 
vibrations [11]. The N peak of the Soret band indicates the presence of d 
band associated with the central metal atom. It is thought that π-d transitions 
are involved CuPc has partially occupied d band. Support in this explanation 
by Edwards and Gouterman [12] pointed out that transitions involving d 
electrons of the central metal atom are provided. The absorption bands in the 
region of 4.5 to 5.7 eV are due to d - π* transitions [11], which implies a 
broader d band. Similar behavior of the absorption spectra are obtained by 
some workers [11, 13] for metal-derivative phthalocyanines. 

 

To obtain information about direct or indirect inter-band transitions, 
the fundamental absorption edge data could be analyzed within the frame 
work of one electron theory of Bardeen et al. [14]. This theory has been used 
to analyze the absorption edge data of molecular solids such as 
phthalocyanine derivatives [15]. The absorption (α > 104 cm-1) is related to 
direct band transitions [16]. The variation in absorption coefficient with 
photon energy for direct band-to-band transitions is of the form 

 
α = αo (hν-E)r                                                   (5) 

 
where E is the energy gap. The value of r is 1/2 for allowed direct transitions 
and 3/2 for forbidden direct transitions. The direct allowed band gap was 
determined by plotting α2 as function of photon energy hν as shown in Fig.4 
and a satisfactory fit was obtained, showing the existence of a direct allowed 
gap at 2.74 + 0.01 eV for films before and after annealing. These values of 
the energy gap result in the intense band called the Soret band and can be 
interpreted as a maximum in refractive index because the absorption index at 
that photon energy is quite small [16]. This energy gap can be attributed to 
the intense absorption in the red region as mentioned before [16] for CuPc, 
PtPc, and PbPc. The photon energy dependence of α2 for CuPc films before 
and after annealing is shown in Fig. (4), which found to  be 1.64+0.02 eV. 
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Fig. (4):  The photon energy dependence of α. 2 for:  a) as deposited CuPc thin 
films and b) Annealed CuPc thin films. 

 
 

Conclusions 

The optical properties of CuPc thin films before and after annealing 
have been studied in the spectral range 200-2100nm. The stability in the 
peak positions in transmission and reflection spectra in absorbing region 
showed the stability of the structure of CuPc. The refractive index as well as 
the absorption index are practically independent on the film thickness. The 
spectral distribution of k of the investigated CuPc films characterized by a 
distinct peaks in visible region have generally been interpreted in terms of π-
 π* excitation. The absorption spectra occure in the high energy region of the 
Soret band (the N peak) indicate the presence of d band associated with the 
central metal atom. It is thought that π-d transitions are involved because 
CuPc has partially occupied d band. The fundamental energy gap result in 
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the intense band called the Soret band can be interpreted as a maximum in 
refractive index because the absorption index at that photon energy is quite 
small. The onset energy gap indicates that the band-to-band absorption has 
taken place at lower energy. The results showed no effect of the annealing 
on the optical properties of CuPc films.  
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