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Abstract Article Info. 

Magnesium Phthalocyanine (MgPc) was deposited on a glass substrate by 

pulsed laser deposition (PLD) using Q-Switching Nd:YAG laser with wavelength 

1064 nm, repetition rate 6 Hz, at room temperature (300K) and different annealing 

temperatures (373, 473, and 573) K under vacuum condition of 10
-3

 torr. All films 

were annealed for one hour to attain crystallinity. X-ray diffraction (XRD) of MgPc 

powder indicated that MgPc crystallizes in polycrystalline with a monoclinic 

structure. While comparing the MgPc films, it was observed that the intensity of the 

characteristic peak increases with temperature, and the crystallization exhibited a 

monoclinic structure typical of the β-form. The Miller indices, hkl, values for each 

diffraction peak in the XRD spectrum were calculated. The characteristic peak of 

Phthalocyanine (MgPc) was found at 2θ value 6.9137ᵒ with the hkl value of (100) 

for both MgPc powder and deposited thin films. Field emission scanning electron 

microscopy (FE-SEM), energy-dispersive X-ray spectroscopy (EDX) analyses, and 

atomic force microscopic (AFM) indicated that crystallinity improved and surface 

morphology was enhanced with the rise in annealing temperature and showed 

uniform-sized grains. They also assisted in identifying the optimal parameters that 

yielded the best structural properties for the thin film. The optical properties of 

MgPc thin film showed two absorption bands. The MgPc thin films exhibit transport 

and onset direct energy gaps (Eg) for all samples. Additionally, the absorption 

coefficient (α) was calculated using Lambert Law, revealing a slight dependence on 

the annealing temperature. FT-IR) spectra for (MgPc) and (H2Pc) were determined. 

 

Keywords: 
Organic MgPc, PLD 

Technique, FE-SEM, 

AFM, Energy Gap. 

 

Article history: 

Received: Mar. 19, 2024 

Revised:  Jun.  25, 2024 

Accepted: Jul. 08, 2024 

Published:Sep.01, 2024 

 

  

1. Introduction 
Natural semiconductors are garnering considerable attention due to heightened 

activity in their synthesis and potential applications in a range of large-area flexible, 

disposable photonic, electronic, and electric devices, including sensors, organic light-

emitting diodes (OLEDs), solar cells, memory devices, organic field-effect transistors 

[1, 2], junction diodes, and rechargeable batteries [3-9]. Phthalocyanines are a class of 

organic semiconductors known for their thermal and chemical stability; commercially 

recognized as blue-green pigments due to their strong absorption in the UV-Vis spectral 

region [10, 11]. Eley [12] was the first one to recognize the semiconducting 

characteristics of Phthalocyanines. Non-metallic phthalocyanines contain two hydrogen 

molecules in the atom's core. To increase the flexibility of electrons, two hydrogen 

molecules have been substituted with a single metal molecule, Mg, as illustrated in               

Fig. 1. 

Magnesium phthalocyanine (MgPc) is a P-type semiconductor with a band gap of 

2.6 eV [13]. It is characterized by significant thermal and chemical stability. MgPc has 

been utilized in various industrial applications, including optical communication 

storage, gas sensors, photovoltaic cells, liquid crystals, solar cells, and semiconducting 

apparatus [14]. It is challenging to manufacture phthalocyanine compounds utilizing 
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solution casting procedures since most of these elements are insoluble in the organic 

solvents often utilized [15-17]. Pulsed Laser Deposition (PLD) is frequently used to 

produce phthalocyanine thin films. This technique has the benefit of making films of 

high purity, and also makes it possible to cultivate somewhat complicated materials [18-

21]. MgPc has the potential to manifest several polymorphic phases, namely α, β, and χ, 

which are associated with distinct crystalline structures. The metastable α and the stable 

β forms are the most often utilized. In the crystal structure, the slope molecule angle 

inside the columns and the grouping of the common columns are the primary factors 

that differentiate the two forms (the similarities and differences). Variations in 

conductivity across stacking molecules are significantly influenced by these 

characteristics, which have a substantial effect. 

Figure 1: Metallic Phthalocyanine (MPc) and metals-free molecular structures [22]. 

 

The primary objective of this research was to obtain information on the molecular 

orientation, the distribution of polymorphic phase, and the grain size of MgPc. The PLD 

was utilized to deposit a thin coating of MgPc on a glass substrate to determine changes 

that occur as a consequence of the shoot pulses process [23-25]. 

 

2. Experimental Work 
The PLD method was employed to sublime pure MgPc powder obtained from 

Luminescence Technology Corp. The powder was sublimed under a vacuum of 10
-3

 torr. 

To create a homogeneous target, 0.5 g of MgPc was crushed under 6 tons was employed 

as a material source for the PLD process. Thin films of MgPc were deposited on glass 

substrates, which were carefully cleaned with filtered water and ultrasonically agitated 

under acetone. For deposition, a Nd:YAG Q-Switching laser beam with a laser energy of 

300 mJ, a wavelength of 1064 nm, and pulsed width with a repetition frequency of 6 Hz 

was utilized. The deposited films were annealed at different annealing temperatures (373, 

473, and 573) K for one hour to attain crystallinity. An investigation into the elemental 

analysis of MgPc films was conducted using energy-dispersive X-ray spectroscopy 

(EDX) with an X-ray spectrometer (Bruker Nano GmbH, Germany). The crystal structure 

of MgPc was identified with an X-ray diffractometer (SHIMADZU XRD-6000, made in 

Japan) with Cukα radiation of 15406nm. The Field emission scanning electron 

microscope (FE-SEM) (TESCAN MIRA3, made in the Czech Republic) was used to 

investigate the surface morphology and cross-section structure of MgPc films. Atomic 

Force Microscopy (AFM) (CSPM-AA3000, made in USA) was used to study the surface 

morphology and the dimensions of the surface grain size. A laser interferometer was 

utilized to determine the thickness of the films. This measurement was done in the 

electro-optics Laboratory, Department of Physics. A Fourier transform infrared 

spectrometer (SHIMADZU- IRPrestige-21) was used to obtain the infrared spectra at 
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normal temp and a frequency of 6Hz. A UV-visible Spectrophotometer (SHIMADZU- 

UV-1800) was used to record the ultraviolet and visible spectra. This instrument was also 

utilized to measure the transmittance and absorbance spectra in the range of 200-1100 nm 

for the thin films produced using MgPc. 

 

3. Results and Discussion 

3.1. Field Emission Scanning Electron Microscope Analyses (FE-SEM) 

 3D FE-SEM images were used to analyse the deposited films' structural surface. 

Fig. 2(a) displays the surface morphology of the films deposited at room temperature, 

which appear non-uniform with small particles and a coarse micro structure. Changes in 

the morphology and size of the deposited film particles were noted due to the variation 

in the annealing temperature. Increasing the annealing temperature resulted in a film 

with more uniformly sized particles compared to those produced at lower temperatures, 

as shown in Fig. 2 (b, c, and d). Furthermore, the increase in temperature has caused 

significant surface changes. The grain size (D) calculated from FE-SEM images varied 

from 32.605 to 37.514 nm.  

   

Figure 2: FE-SEM images of MgPc thin films at different annealing temperatures 

(a) 300K, (b) 373K, (c) 473K, and (d) 573K. 

 

3.2. Energy Dispersive X-ray (EDX) Analysis 

The EDX pattern of MgPc thin film is shown in Fig. 3. It demonstrates the 

existence of magnesium, nitrogen, hydrogen, and carbon by creating the C: H: N: Mg 

pattern. A strong peak of carbon was detected in the spectrum due to the chemical 

stoichiometry composition, which was (C32H16N8Mg). The relative atomic weight, 

Table 1, shows that the highest weight percentage was carbon. 

 

 

 

 

 

 

 

(a) 300K (b) 373K 

(c) 473K (d) 573K 



Iraqi Journal of Physics, 2024                                                        Noora G. Adnan and Eman K. Hassan   

 119 

Figure 3: Energy Dispersive X-ray Spectroscopy (EDX) of MgPc thin film. 

 
Table 1: The relative atomic weight percentage for MgPc.  

Element The relative atomic weight (%) 

Carbon 70.31 

Nitrogen 19.83 

Oxygen 7.21 

Magnesium 2.65 

 

3.3. X-ray Diffraction (XRD) Analysis 
Fig. 4 shows the XRD pattern of pure magnesium phthalocyanine powder at         

300 K. The sequence of crystalline peaks is a result of the polycrystalline structure of 

MgPc. The Phthalocyanine peak appears at a 2θ of 6.9137ᵒ, corresponding to an hkl 

value of (100).This aligns well with the results of El-Nahass et al. [26]. 
 

Figure 4: X-ray diffraction analysis of magnesium phthalocyanine powder. 

 

Fig. 5 shows the XRD patterns of the MgPc thin films at room temperature of 

300K and different annealing temperatures of 373K, 473K, and 573K. The XRD 

patterns of the MgPc thin films showed that the intensity of the peak increased as the 

annealing temperature was increased. The patterns revealed a monoclinic crystalline in 

the β-form. 

The mean crystallite (D) size of the films was determined utilizing the Scherer 

formula [27-29]: 
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where: λ is the X-ray wavelength of Cukα (0.15418 nm), Ks refers to a Scherer constant 

of the order of unity (≈0.95), β`=√         (where βf refers to the (100) peak full 

width at half maximum for the thin film, and βp refers to the (100) peak full width at 

half maximum for the powder) operating in the same instrumental situations, θ is the 

corresponding Bragg angle. Table 2 lists the crystallite sizes of the MgPc deposited thin 

films for the different annealing temperatures. It can be noted that the crystallite size 

increased with the increase of the peak width as a result of increasing the thin films 

annealing temperature. The best annealing temperature was found to be 473K, which 

indicates the crystallization of the thin film in the β-form. The noted crystallite size 

decreased at 573K due to the rearrangement of atoms in the molecule. 

Figure 5: XRD of MgPc thin films at 300K room temperature and different annealing 

temperatures of (373, 473, and 573) K. 

 
Table 2: The crystallite size (D) in the β-form of the MgPc deposited thin films at various 

annealing temperatures (300, 373, 473, 573) K. 
Annealing temp.(K) 2Theta (deg.) βf (degree) D (nm) 

300 6.775 0.31343 21.12 

373 6.775 0.28107 24.66 

473 6.775 0.39316 29.54 

573 6.775 0.33676 26.49 

 

 

3.4. Atomic Force Microscope (AFM) 

The deposited MgPc film morphology at various annealing temperatures of (300, 

373, 473, and 573) K was analysed with an atomic force microscope (AFM), as 

illustrated in Fig. 6. It is demonstrated that, with increased annealing temperature, the 

film's structure became uniformly distributed with needle-like characteristics, and the 
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size of the grains decreased. This suggests that the grain growth occurring enhanced the 

crystallinity and improved the surface morphology [30]. The surface roughness and size 

of the grains are displayed in Table 3. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6: AFM images of MgPc thin films at different annealing temperatures 

(300,373,473,573) K. 
 

Table 3: The surface roughness and grain size magnitudes of MgPc thin films at various 

annealing temperatures (300,373,473,573) K.  

Annealing 

temp (K) 

Roughness Mean 

(nm) 

Root mean 

square (nm) 

Avg. Diameter 

(nm) 

300 382x10
-2 

450x10
-2

 7251x10
-2

 

373 448x10
-2

 524x10
-2

 6078x10
-2

 

473 1210x10
-2

 1400x10
-2

 6256x10
-2

 

573 2250x10
-2

 2600x10
-2

 8710x10
-2

 

 

3.5. Optical Analyses 

Optical measurements are crucial to identify the band structure of semiconductors. 

The optical constants of thin films offer insights into the material's microscopic features, 

which are essential for applications in devices. Optical absorbance spectra were 

recorded over a wavelength range of 200-1100 nm using a UV-Vis spectrophotometer. 

The resulting data was utilized to calculate the absorption coefficient (α) based on the 

relationship between the intensity of incident light. (Io) and the transmitted intensity (IT) 

is represented by an exponential form Lambert Law [31]:           

                                                                                                                                            

where α being the absorption coefficient and t is the film thickness. According to this 

Eq. (2), the optical absorption coefficient of thin films was evaluated from the 

transmittance data using the relation: 

        
 

 
                                                                                                                                     

373K 300K 

473K 573K 



Iraqi Journal of Physics, 2024                                                                 Vol. 22, No. 3, PP. 116-125  

 122 

where T=IT/Io is defined as the transmittance [31]. As a result of absorption coefficient 

data, and the band gap energy (Eg) is determined. According to Tauc relation [32] given 

by:  

 

            
 
 ⁄                                                                                                                           

 

Fig. 7 illustrates the absorbance spectra of the UV-Vis region for the deposited 

MgPc thin films at different annealing temperatures across a range of wavelengths of 

(200-1100) nm. The spectra demonstrate two bands. One band, known as the B-band (or 

Soret) appears in the UV zone, resulting from a direct transition between the bonding π 

in HOMO and the antibonding π* in LUMO for all the specimens. The second band, 

known as the Q-band, is observed in the visible region and consists of two closely 

spaced peaks that indicate splitting characteristics (Davydov splitting). Table (4) 

provides the further details on the peaks of both bands. In their work, Santanu et al. [33-

35] discussed the Q-band and Soret band of phthalocyanines, comparing them with 

other metals. 

Figure 7: Absorbance spectra of MgPc thin films at different annealing temperatures. 

 
Table 4: The magnitudes of the B and Q bands for MgPc at various annealing temperatures 

(300, 373, 473, 573) K 

 

 

 

 

 

 

  

 Figs. 8(a, b) display the optical band gaps for the Q- and B-band edge, 

which were determined by extending the straight line of (αhv)
2
 against hv graphical 

representations to (αhv)
2
 = 0 to obtain the energy band gaps of the MgPc deposited thin 

films at various annealing temperatues (300, 373, 473, 573) K. Table 5 displays the 

bandgaps of the Q and B in MgPc thin films. 
 

 

 

 

 

 

 

Annealing temp.(K) B-band(nm) Q-band(nm) 

300 210-250 600-680 

373 210-270 600-660 

473 220-250 600-670 

573 220-270 600-670 
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Figure 8: The band gap energy of the MgPc thin films at various annealing temperatures 

(300, 373, 473, 573) K for a) B-band and b) Q-band. 
 

Table 5: The band gap energy for the Q and B bands of MgPc thin films at different 

annealing temperatures. 

Annealing temp.(K) Band gap energy (eV) 

B-band 

Band gap energy (eV) 

Q-band 

300 3.28 1.68 

373 3.24 1.7 

473 3.22 1.71 

573 3.125 1.62 

 

The Fourier Transform Infrared (FT-IR) spectra for MgPc Powder and 

Phthalocyanine metal free (H2Pc) were determined at 300K, as illustrated in Fig. 9. The 

FT-IR spectrum illustrates the bond bending within the range of 400-2000 cm
-1

 and 

bond stretching within the range of 2000-4000 cm
-1

. Based on Fig. 9, it is evident that 

the bond vibrating at 725.23 cm
-1

 was designated for (magnesium-nitrogen). The peak 

at 1280.73-1165.00 cm
-1

 indicates the stretching bond of C-N. Other bands include the 

C-H band at 1477.47 cm
-1

 and the N-H band at 3421 cm
-1

. Furthermore, the bands at 

1330.88 cm
-1

 and 1076.28 cm
-1

 are associated with C-C and C-H, as shown in the figure 

[36].  
 

Figure 9: FTIR Spectra for MgPc and H2Pc in the range (400 - 4000) cm
-1

. 
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4. Conclusions 
In this article, the structural properties of MgPc pure and thin films prepared by 

the Pulsed Laser Deposition (PLD) technique were investigated using FESEM, EDX, 

XRD, and AFM at different annealing temperatures (300, 373, 473, and 573) K. 

Various structural parameters, including grain size and surface roughness, were 

estimated, and it was observed that the morphological and structural properties 

improved with changes in temperature. It was concluded that as the annealing 

temperature increases, the material's crystallinity improves, enhancing the morphology 

of the thin film surfaces. It was demonstrated that annealing temperature plays an 

important role in the structure of deposited thin films. The recorded absorption spectra 

in the UV-Vis region displayed two absorption bands of the magnesium phthalocyanine 

(MgPc) molecule: the Soret (B-band) and the Q-band. The Q-band exhibited splitting 

characteristics (Davydov splitting). These absorption spectra were generally interpreted 

in terms of excitation. The impact of the annealing process on the absorption spectra of 

the studied films was examined. The absorption intensity was noted to increase slightly 

with the rising annealing temperature, ranging from 300 to 573 K. 
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الرقيقت بذرجاث تلذيي ( MgPc)دراست الخواص الفيزيائيت لأغشيت الوغٌسيوم فثالوسياًيي 

 الٌبضيهختلفت هحضرة بتقٌيت الترسيب بالليزر 
 

ًورا غساى عذًاى
1 

كرين حسي وإيواى
1
  

 انؼشام  تـذاد، تـذاد،جايؼح  انؼهىو،كهٍح  انلٍضٌاء،هسى 1

  الخلاصت
( تاسرخذاو نٍضس PLD( ػهى سكٍضج صجاجٍح تىاسطح انرشسٍة تانهٍضس انُثضً )MgPcذى ذشسٍة كثانىسٍاٍٍَ انًـٍُسٍىو )

Nd:YAG Q-Switching  ًكهلٍ( ودسجاخ حشاسج  366هشذض، كً دسجح حشاسج انـشكح ) 6َاَىيرش ويؼذل ذكشاس  1664تطىل يىج

( كهلٍ ذحد ظشوف كشاؽ ذثهؾ 573و 473و 373انرهذٌٍ انًخرهلح )
3-

ذىس. ذى ذهذٌٍ جًٍغ الأكلاو نًذج ساػح واحذج نرحوٍن انرثهىس.  16

كً يرؼذد انثهىساخ يغ تٍُح أحادٌح انًٍم. أثُاء يواسَح أكلاو ٌرثهىس MgPcأٌ  إنى MgPc( نًسحىم XRDأشاس حٍىد الأشؼح انسٍٍُح )

MgPc  نىحع أٌ شذج انزسوج انًًٍضج ذضداد يغ دسجح انحشاسج، وأظهش انرثهىس تٍُح أحادٌح انًٍم ًَىرجٍح نشكمβ ذى حساب هٍى يؤششاخ .

 hklيغ هًٍح  6.9137ᵒ θ=2( ػُذ هًٍحMgPcانًًٍضج نهلثانىسٍاٍٍَ ). ذى انؼثىس ػهى انزسوج XRDنكم رسوج حٍىد كً طٍق  hkl يٍهش

( وذحهٍلاخ FE-SEMأشاسخ يجهش يسح الاَثؼاز الإنكرشوًَ انًٍذاًَ )والأؿشٍح انشهٍوح انًرشسثح.  MgPcنكم يٍ يسحىم  (100)

انرثهىس وذؼضٌض يىسكىنىجٍا انسطح يغ اسذلاع ( إنى ذحسٍ AFM( وانًجهش انزسي نهوىج )EDXيطٍاكٍح الأشؼح انسٍٍُح انًشررح نهطاهح )

وأظهشخ حثٍثاخ راخ أحجاو يىحذج. كًا ساػذوا كً ذحذٌذ انًؼهًاخ انًثهى انرً أسلشخ ػٍ أكضم انخصائض  دسجح حشاسج انرهذٌٍ

كجىاخ طاهح  MgPc. ذظُهش الأؿشٍح انشهٍوح َطاهً ايرصاص MgPc. أظهشخ انخصائض انثصشٌح نلأؿشٍح انشهٍوح ـشاءهانثٍُىٌح ن

( تاسرخذاو هاَىٌ لايثشخ، يًا ٌكشق ػٍ α( نجًٍغ انؼٍُاخ. تالإضاكح إنى رنك، ذى حساب يؼايم الايرصاص )Egيثاششج نهُوم وانثذاٌح )

 (.H2Pc( و )MgPcنـ ) FT-IRاػرًاد طلٍق ػهى دسجح حشاسج انرهذٌٍ. ذى ذحذٌذ أطٍاف 

 

، ذوٍُح يجهش يسح إنكرشوًَ تالاَثؼاز انًٍذاًَ، ذوٍُح انرشسٍة تانهٍضس انُثضًيـٍُسٍىو كثانىسٍاٍٍَ انؼضىي، ذوٍُح  الكلواث الوفتاحيت:

 .، كجىج انطاهحيجهش انوىج انزسٌح

 

 

 


