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AbstractU 
      A novel class of polymer containing the metallophthalocyanine ring [MPc, M= Co(II)] in 
the chain was synthesized by polycondensation of 4.4',4'',4'''-tetraminophthalocyanato cobalt 
(II) with epichlorohydrine and dichlorodimethyl silane by [1:2] mole ratio (MPc: 
Epichlorohydrine or dichlorodimethyl silane). The structures of the polymers were 
characterized by FTIR, U.V-Visible spectrophotometry, and X-ray diffraction. The thermal 
stabilities of the polymers were evaluated by dynamic thermo gravimetric analysis (TG) and 
diffraction scanning calorimetric (DSC).  
 

Keywords: cobalt phthalocyanine polymer; thermal stability phthalocyanine polymer. 
 
 

Introduction. 1U 
     Phthalocyanines are one of the most 
studied classes of organic functional 
materials with high potential in 
electrooptics. Due to their 18-p electron 
macrocyclic aromatic system, closely 
related to that of the naturally occurring 
porphyrin ring, and relative facile tailoring 
of molecular structure by chemical 
modification, they found numerous 
commercial applications, among others: 
photoconductors in xerography [1], optical 

data storage [2], solar energy conversion 
[3], electrochromic and electroluminescent 
displays [4]. 
     Phthalocyanine (Pc) polymers have 
various functions, for example, stacked 
polyphthalocyanines for electroconductors 
[5], copolymerized phthalocyanine 
polymers for organic photoconductors [6], 
thermally stable polymers containing 
metallophthalocyanines [7] and so on, have 
already been prepared. 
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Metallophthalocyanine (MPc) has also 
attracted considerable interest because of its 
structural similarity to the active centre of 
naturally occurring haemoenzymes.  
 

    Among the various photosensitizers 
being investigated, phthalocyanines have 
been found to be highly promising. Owing 
to their strong Q-band absorptions at the red 
visible region (700 nm), these pigments can 
be excited at longer wavelengths than 
porphyrin-based photosensitizers such as 
photofrin, which is the first clinically 
approved photosensitizer [8].  
 

    The macrocycles are also relatively 
nontoxic in the dark and have relatively 
high singlet oxygen quantum yields. These 
unique features, together with their ease of 
functionalization and formulation, have 
aroused intense interest in the use of these 
functional dyes as second generation 
photosensitizers in photodynamic therapy 
(PDT) [9]. 
 

     In this paper, we report on the effect of 
different substitution epichlorohydrine and 
dichorodimethyl silane with 4.4',4'',4'''-
tetraminophthalocyanato cobalt (II) to 
prepare Co-phthalocyanine polymers and 
study the thermal stability properties.   

 
Experimental 

2.1 Chemicals 
.2 

       4-nitro phthalic acid (99%) (Merk), 
Ammonium molybidate (98%) (RDH),  
Cobalt sulphate hydrate (99.5%) (Fluka), 
Dichloro dimethyl silane (99%) (Aldrich), 
Epichlorohydrine (99%) (Aldrich),           
Sodium hydroxide (97.5%) (Thomas 

Baker), Urea (99%) (Fluka), Hydrochloric 
acid (37%) (BDH),  Acetone (99.5%) 
(GCC), Ethanol (99.9%) (Scharlau), 
Benzene (99%) (BDH), DMF (99%) (GCC) 
and  DMSO (99.5%) (GCC). 

 
2.2  Instruments 

1. FTIR-Infrared spectrophotometer 
(8400S) made by (SHIMADZU) the 
range (4000-400 cm-1

2. UV-Visible spectrophotometer made 
(Thermo Spectronic-Heλ

). 

10Sα

3. X-ray Diffraction measurement made 
(Philips Analytical) the range 
position (10-70

) the 
range (900-200 nm). 

0

4. Thermo Gravimetric Analysis (TG) 
made by (England) - PL- TG) the 
range (25-900

). 

0

5. Diffraction Scanning Calorimetric 
(DSC) made by (England) - PL- 
DSC) the range (25-500

C). 

0

  
Methods PreparationU 3  

       The 4,4',4'',4'''-tetra nitro and amino 
phthalocyanato cobalt (II) were prepared by 
depending on the reference [10].  
3.1 Preparation of polymers [1:2] mole 
ratio: 
3.1.1. Preparation of poly(tetra(dimethyl 
silane imino) phthalocyanato          cobalt 
(II))  
    In three necks round bottom (0.258 g, 
2mmol) dichloro dimetyl silane was dissolved 
in (25ml) DMF solvent with stirring and 

cooling the mixture at 5P

0
PC. (0.631g, 1mmol) 

4,4',4'',4'''-tetra amino phthalocyanato 
cobalt (II)  was dissolved in (25ml) DMF 
solvent and adding drop by drop to the first 
solution with keeping the temperature less than 
10P

0
PC. After the end of adding the mixture was 

heated at (80-85 P

0
PC) for (2h), the product was 

cooled, filtered and dried to obtain dark green 
crystals with yield (0.64g, 85%), as shown as in 
Scheme (1) [11].    
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Scheme (1) preparation of poly(tetra(dimethyl silane imino) phthalocyanato cobalt (II)) 
 [1:2] mole ratio 

 
3.1.2. Preparation of poly(tetra(2-
hydroxypropyl imino) phthalocyanato     
cobalt (II)):  
    In three necks round bottom  (0.185 g, 
2mmol) epichlorohydrine and (0.631g, 
1mmol) 4,4',4'',4'''-tetra amino 
phthalocyanato cobalt (II) was dissolved in 

(50ml) DMF solvent by catalyst (22%) NaOH 
solution. The mixture was refluxed with stirring 
at (110P

0
PC) for (20h), the product was cooled, 

filtered and dried to obtain dark green crystals 
with yield (0.66g, 76%), as shown as in Scheme 
(2) [12].    

 

Scheme (2) preparation of poly(tetra(2-hydroxypropyl imino) phthalocyanato cobalt (II))  
[1:2] mole ratio 

 
 

U4- Results and Discussion 
   Figure (1) and Table (1) show the 
absorption spectra for 4,4',4'',4'''-tetra nitro 
phthalocyanato cobalt (II) and 4,4',4'',4'''-
tetra amino phthalocyanato cobalt (II) 
compounds, it shows Q-band and B-band at 
(640nm, 300nm) and (710nm, 315nm) 
respectively. The Q-band and B-band for 
4,4',4'',4'''-tetra amino phthalocyanato 
cobalt (II) are red shifted +70nm and 
+15nm it compared with the 4,4',4'',4'''-tetra 
nitro phthalocyanato cobalt (II) may be 
attributed to the presence of the four amine 
groups which are not reacted and this  leads 
to increase the delocalization on the 
phthalocyanine rings [13].  
 

    Figure (2) and Table (1) show the 
absorption spectra for 4,4',4'',4'''-tetra amino 
phthalocyanato cobalt (II), 
poly(tetra(dimethyl silane imino) 
phthalocyanato cobalt (II)) [1:2] mole ratio 
and poly(tetra (2-hydroxypropyl imino) 
phthalocyanato cobalt (II)) [1:2] mole ratio, 
it shows Q-band and B-band at (710nm, 
315nm), (690nm, 298nm) and (700nm, 
300nm) respectively. The Q-band and B-
band for poly(tetra(dimethyl silane imino) 
phthalocyanato cobalt (II)) and 
poly(tetra(2-hydroxypropyl imino) 
phthalocyanato cobalt (II))  compared with 
4,4',4'',4'''-tetra amino phthalocyanato 
cobalt (II) are blue shifted -20nm , -17nm 
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and -10nm , -15nm  may be attributed to the 
reaction of the amine groups which leads to 

reduce the delocalization on the 
phthalocyanine rings [14]. 

C).       

             

 
Figure (1) : UV-Visible absorption spectra for 

                                                              (a) 4,4',4'',4'''-tetra amino phthalocyanato cobalt (II)  
                                                              (b) 4,4',4'',4'''-tetra nitro phthalocyanato cobalt (II) 

 
 Figure (2) : UV-Visible absorption spectra for 

                                                   (a) 4,4',4'',4'''-tetra amino phthalocyanato cobalt (II) 
         (b) poly(tetra(dimethyl silane imino) phthalocyanato cobalt (II)) [1:2] mole ratio 

                                                   (c) poly(tetra(2-hydroxypropyl imino) phthalocyanato cobalt (II)) [1:2] mole ratio 
 

 
 

Table (1): The UV-Visible absorption data for prepared compounds 
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4,4',4'',4'''-tetra nitro phthalocyanato cobalt (II) 640 300 

4,4',4'',4'''-tetra amino phthalocyanato cobalt (II) 710 315 
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690 298 
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(II))[1:2] mole ratio 
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    Figures (3)-(6) and Table (2) show the 
FTIR-spectra to the prepared compounds. 
Figure (3) the FTIR-spectrum for 
4,4',4'',4'''-tetra nitro phthalocyanato cobalt 
(II) shows the characteristic bands (N-O) 
asymmetric stretching at 1521 cm P

-1
P and 

symmetric stretching at 1334 cm P

-1
P [15].  

 

     Figure (4) the FTIR-spectrum for 
4,4',4'',4'''-tetra amino phthalocyanato 
cobalt (II) shows the characteristic bands at 
3410 cm P

-1
P and 3370 cm P

-1
P which may be 

attributed to the (N-H) asymmetric and 
symmetric stretching respectively, in 
addition to display band at 1510 cm P

-1
P which 

may be attributed to the (N-H) bending 
vibration [16].  
 

    Figure (5) the FTIR-spectrum for 
poly(tetra(dimethyl silane imino) 
phthalocyanato cobalt (II)) [1:2] mole ratio 
shows the appearance of new bands 1260 
cm P

-1
P and 800 cm P

-1
P for Si(CHR3R)R2R and the 

disappearance the bands for (NHR2R), in 
addition to the appearance of new band at 

3425 cm P

-1
P for (N-H) which is resulted from 

connection with dichloro dimethyl silane 
and other bands at 2964 cm P

-1
P, 285 5 cm P

-1
P 

and 1326 cm P

-1
P which may be attributed to 

(C-H) aliphatic asymmetric, symmetric 
stretching and bending vibration 
respectively [17]. 
 

    Figure (6) the FTIR-spectrum for 
poly(tetra (2-hydroxy propyl imino) 
phthalocyanato cobalt (II)) [1:2] mole ratio 
shows the disappearance the bands for 
(NHR2R) and appearance of new band 3420 
cm P

-1
P for (N-H) which is resulted from 

connection with epichlorohydrine and the 
appearance of new band 3458 cm P

-1
P for (O-

H).  The  bands at  2950 cm P

-1
P, 2846 cm P

-1 

Pand 1335 cm P

-1
P which may be attributed to 

(C-H) aliphatic asymmetric stretching and 
bending vibration respectively [17], other 
bands 500-600 cm P

-1
P, 720-756 cm P

-1
P, 810-930 

cm P

-1
P and 1000-1141 cm P

-1
P are vibration 

frequencies  which are attributed to 
phthalocyanine compounds.  

  
 

 
Figure (3): FTIR-spectrum for 4,4',4'',4'''-tetra nitro phthalocyanato cobalt (II) 
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Figure (4): FTIR-spectrum for 4,4',4'',4'''-tetra amino phthalocyanato cobalt (II) 
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Figure (5): FTIR-spectrum for poly(tetra(dimethyl silane imino) phthalocyanato cobalt (II)) 

[1:2] mole ratio 
 

 
Figure (6): FTIR-spectrum for poly(tetra(2-hydroxypropyl imino) phthalocyanato cobalt (II)) 

[1:2] mole ratio 
 

Table (2): The FTIR absorption data for prepared compounds 
 

    

Figures (7)-(9) show the X-ray diffraction 
spectra for the prepared compounds. From 
the spectra of polymers we result it is less 
width of band and more crystalline  

 

regularity comparing with 4,4',4'',4'''-tetra 
amino phthalocyanato cobalt (II) as shown 
in the Table (3) [18]. 
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Figure (7): X-ray diffraction spectrum for 4,4',4'',4'''-tetra amino phthalocyanato cobalt (II) 

 
Figure (8): X-ray diffraction spectrum for poly(tetra(dimethyl silane imino) phthalocyanato cobalt (II)) 

[1:2] mole ratio 
 
 

 
Figure (9): X-ray diffraction spectrum for poly(tetra(2-hydroxypropyl imino) phthalocyanato cobalt (II)) 

[1:2] mole ratio 
 

Table (3): X-ray diffraction data for prepared compounds 
 
 

θ2 d-spacing[Å] Area[cps*20Th.] Compounds 

7.207, 13.936, 21.480, 
26.435 

12.254, 6.349, 4.1335, 
3.036 663.78, 53.66, 58.34, 968.86 

 
4,4',4'',4'''-tetra amino 

phthalocyanato cobalt (II) 

6.869, 21.582, 26.136 12.85,  4.114 , 3.406 164.28, 21.26, 437.28 
poly(tetra(dimethyl silane imino)                                  

phthalocyanato cobalt (II)) [1:2] mole 
ratio 

6.922, 21. 754, 26.025, 
38.050 

12.759, 4.081, 3.421, 
2.362 293.54, 66.16, 428.91, 21,45 

poly(tetra(2-hydroxypropyl imino)                       
phthalocyanato cobalt (II))[1:2] mole 

i  
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     In the present paper the thermal stability 
for prepared compounds are studied by two 
techniques: thermo gravimetric analysis 
(TG) and diffraction scanning calorimetric 
(DSC).  Figures (10)-(12) show the TG-
curves for prepared polymers are more 
thermal stability from 4,4',4'',4'''-tetra amino 
phthalocyanato cobalt (II), so that the poly 

(tetra(dimethyl silane imino) 
phthalocyanato cobalt (II)) [1:2] mole ratio 
is more thermal stability from poly(tetra (2-
hydroxypropyl imino) phthalocyanato 
cobalt (II)) [1:2] mole ratio due to the 
silicon atom has d-orbital, as shown in the 
Table (4) [19]. 

) 

 
 
 
 
 

 
  

Table (4): The TG data for prepared polymers 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 
[ 

Figure (10): TG-curve for 4,4',4'',4'''-tetra amino phthalocyanato cobalt (II) 

 

 

 

 

 

 

 

char cont. at 
( 8500C) 

activation 
energy 
Kj/mol)( 

decomposition degree 
( P

0
PC) Compounds 

4 3 2 1 

60.4% 33.75 - 770 465 59 4,4',4'',4'''-tetra amino 
phthalocyanato cobalt (II) 

52.2% 54.72 760 470 340 63 poly(tetra(dimethyl silane imino)                                  
phthalocyanato cobalt (II)) [1:2]   mole ratio 

56% 47.82 - 750 460 70 

 
poly(tetra(2-hydroxypropyl imino)                       

phthalocyanato cobalt (II))[1:2] mole ratio 
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Figure (11): TG-curve for poly(tetra(dimethyl silane imino) phthalocyanato cobalt (II))  
[1:2] mole ratio 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure (12): TG-curve for poly(tetra(2-hydroxypropyl imino) phthalocyanato cobalt (II)) 

[1:2] mole ratio 
 
      
    Figures (13)-(15) show the DSC-curves 
for the prepared polymers, the all curves are 
appeared bands at 65-100P

0
PC which may be 

attributed to vapor solvent. In DSC-curve 
for poly (tetra(dimethyl silane imino) 
phthalocyanato cobalt (II)) [1:2] mole ratio 
begins to decompose at 190P

0
PC, it is more 

decomposition than 4,4',4'',4'''-tetra amino 
phthalocyanato cobalt (II) which is 
decomposed at 213P

0
PC due to the presence 

of aliphatic groups in the polymer structure. 
While the DSC-curve for poly(tetra (2-
hydroxypropyl imino) phthalocyanato 
cobalt (II)) [1:2] mole ratio begins 
decompose at 227P

0
PC, it is less 

decomposition than 4,4',4'',4'''-tetra amino 
phthalocyanato cobalt (II) due to the 
presence to the hydrogen bonds in the 
polymer structure [19]. 

 
 

 
Figure (13): DSC-curve for 4,4',4'',4'''-tetra amino phthalocyanato cobalt (II) 
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Figure (14): DSC-curve for poly(tetra(dimethyl silane imino) phthalocyanato cobalt (II))  
[1:2] mole ratio 

 

 
 

Figure (15): DSC-curve for poly(tetra(2-hydroxypropyl imino) phthalocyanato cobalt (II)) 
[1:2] mole ratio 
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فثالوسيانين المشتقة من الايبي ) II(الحرارية لبعض بوليمرات الكوبلت تحضير وتشخيص ودراسة الخواص 
 كلوروهايدرين وثنائي مثيل سلين

 
[ 

 و مهند جواد كاظم الاسدي   مهند علي خير االله الحماد
 جامعة البصرة-كلية التربية للعلوم الصرفة-قسم الكيمياء

 العراق-بصرة
 

 
ب ش  :ئكخلإ

باستخدام البلمرة التكثيفية وذلك  لفلز الكوبلت الثنائيالدراسة الحالية تحضير نوعين من البوليمرات الفلزية  تم خلال    
مع كلاً من ثنائي كلورو ثنائي مثيل سلين وايبي  )II(رباعي امينو فثالوسياناتو الكوبلت  -"""4،""4،"4، 4بتفاعل 

مطيافية الاشعة تحت الحمراء، (البوليمرات المحضرة بثلاث تقنيات اساسية ، شخصت )2:1(كلوروهايدرين بنسبة مولية 
الثبات الحراري للبوليمرات المحضرة كما تم دراسة ). فوق البنفسجية و حيود الاشعة السينيةمطيافية الاشعة المرئية و 

ل الحراري للبوليمرات المحضرة وبنسبة ، واظهرت النتائج التحليباستخدام التحليل الحراري الوزني والتحليل الحراري المسعري
اعلى ثبات حراري بالمقارنة مع مركبات الامينو فثالوسانين بسبب زيادة الوزن الجزيئي والاواصر الكيميائية ) 1:2(

، وكذلك بالنسبة لقياسات الاشعة السنية كانت البوليمرات اكثر انتظاماً بلورياً بسبب وجود بعض المجاميع المتكونه
 .التي تزيد من ترابط جزيئات البوليمر مع بعضها لذا تكون اكثر انتظام بلوري المعوضة
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