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Phthalocyanines, which are synthetic analogues of natural por
phyrins, are of interest due to their high chemical and thermal 
stability. These compounds display interesting electrical and 
electrochemical properties, which are important for applications 
in chemical sensors, liquid crystals, catalysis, nonlinear optics, 
optical data storage, nanotechnology1,2 and as optical limiting 
materials due to their large optical non-linearities, ultrafast response 
times and ease of chemical modification.3

Carbon nanotubes (CNTs), representing a high aspect ratio 
one-dimensional p-conjugated nanoscale objects, possess a unique 
combination of mechanical, thermal and electrical properties, 
making this carbon allotrope a highly attractive material for 
applications as a reinforcing filler in polymers,4,5 heat manage
ment components6 and nanoelectronic devices.7,8 For taking 
advantage of exceptional electrical characteristics of CNTs, recent 
advances9,10 in linking specific groups or molecules to the nano
tubes clearly show the strong potential of chemical functionali
zation not only for CNT solubilization and fine-tuning the tube 
electronic properties, but also to enable their assembly into more 
complex hybrid architectures required for integrated device 
operation.11

Peripherally functionalizated phthalocyanines having OH 
groups to modify their structures are of special interest for this 
purpose. Thus, the self-cyclization of phthalonitrile 112 in the 
presence of MeOLi led us to target ligand 2 of A4 type according 
to Scheme 1.†

The replacement of isoamyl alcohol in this synthesis13 with 
n-hexanol has increased the yield of desired product 2 from 39 
to  55%. Under similar conditions, the mixed cyclization of 1 
with 4-tert-butylphthalonitrile14,15 resulted in asymmetrically 
substituted phthalocyanine 3 of A3B type.16

Benzyl alcohol fragments in compounds 2 and 3 opened the 
possibility to further modify F-SWCNT (C2F) (Scheme 2).‡ Pre
viously, nanotubes were suspended in DMF at 80 °C under ultra

sonic irradiation. The reaction was conducted until the phthalo
cyanine color disappeared (UV-VIS control).

With the use of IR spectroscopy, the covalent binding of 
phthalocyanines to the surface of F-SWCNT was proved. Thus, 
in the region of 1300–1000 cm–1, we observed strong absorption, 
which is characteristic of ether bonds (Figure 1).

The TGA/DTG data also indicate the formation of covalent 
bonds between the phthalocyanine macrocycles and F-SWCNT 
surface (Figure 2). Thus, with gradually increasing the tempe
rature in the range of 237–581 °C for phthalocyanines 2 and 3 
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The covalently bonded phthalocyanine conjugates with fluorinated single-walled carbon nanotubes (F-SWCNTs) were synthesized 
and characterized by Raman and IR spectroscopy and TGA/DTG.

† Synthesis of ligand 2. Lithium methoxide (252 mg, 6.65 mmol) was 
added to a solution of 1 (350 mg, 1.33 mmol) in n-hexanol (5 ml). The 
reaction was heated to reflux for 3 h. After reaction was finished, the 
solvent was evaporated, and crude products were treated with MeOH–H2O 
(1:1) to give product 2. Yield, 194 mg (55%). FT-IR (KBr, n/cm–1): 3400 
(OH). MS (MALDI-TOF), m/z (%): 1058 [M]+ (59), 817 [M – 2 C8H9O]+ 
(13), 698 [M – 3 C8H9O + H]+ (9), 577 [M – 4 C8H9O + H]+ (88). 1H NMR 
(THF-d8) d: 4.94 (s, 8 H, CH2), 5.45 (s, 8 H, CH2OH), 7.10–7.42 (m, 16 H, 
Ar), 7.48–7.86 (m, 12 H, Ar). UV-VIS [THF, lmax/nm (log e)]: 343 (3.80), 
665 (4.72), 704 (4.88).
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Scheme  1  Reagents and conditions: i, tert-butylphthalonitrile; ii, MeOLi/
n-hexanol, reflux, 2.5 h.
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[Figure 2(a) and (b)], two main maxima in DTG curves are 
observed (Table 1). Preliminary analysis led us to conclude that 
the destructive fragmentation of peripheral phthalocyanine sub
stituents is the first stage of the process followed by the extreme 
degradation of macrocycles at the last decomposing stage. The 
mass loss in the region of 400–600 °C is characteristic of CNTs. 
At the same time, peaks in the DTG of phthalocyanines 2 and 3 
may be attributed to the formation of corresponding ordered 
phases during the thermal processes. The strong difference in the 
nature of the DTG curves of conjugates 4 and 5 from starting 

phthalocyanines 2 and 3 provides evidence for the covalent 
bonding of macrocycles with the surface of F-SWCNT.

It is important to pay attention to the similarity of the destruc
tive processes of conjugates 4 and 5. Initially, we observed the 
thermal elimination of phthalocyanine macrocycles (total mass 
losses of about 30 and 10%, respectively) followed by the 
destruction of the nanotubes with a mass loss of about 6%. The 
final phase for all compounds, apparently, may be carbon black, 
which is indirectly indicated by the absence of peaks in DTG 
above 600 °C.

The Raman spectra (780 nm) of the initial F-SWCNT, as well 
as conjugates 4 and 5, are shown in Figure 3. Thus, during the 
substitution of fluorine atoms, the ratio of the D and G bands 
decreases in the spectra, which is consistent with experimental 
data.17 At the same time, the intensity of D bands decreases 
because of a decrease in the fluorine content of the conjugates. 
The presence of additional peaks at 2564 and 2570 cm–1, respec
tively, was due to the formation of additional covalent bonds 
(ether linkages of phthalocyanine ligands with CNTs).

Thus, the conjugates of tert-butyl substituted phthalocyanines 
with F-SWCNT were synthesized. Owing to highly ordered 
surfaces, the compounds may be promising catalysts.

TGA data for compounds Table  1  2–5.

Com-	 Temperature	 Half-period temperature	 Weight 
pound	 range/°C	 decomposition/°C (DTG) 	 loss (%)

2	 237–357	 321	 16.33 
	 357–491	 395	 11.77 
	 491–847	 553	 13.19
3	 253–363	 363	   8.70 
	 363–581	 581	 35.28
4	 121–538	 274	 30.48 
	 538–785	 588	   6.04
5	 131–260	 210	 11.75 
	 439–551	 484	   5.39

‡	 Synthesis of conjugates 4 and 5. To solutions of phthalocyanines 2 
and 3 (0.04 mmol) in DMF (3 ml), F-SWCNT (C2F, 0.93 mmol) and a 
catalytic amount of DBU were added. The mixtures were subjected to 
ultrasonic irradiation (320 W, 35 KHz) at 80 °C for 3.5 h. The reactions 
were controlled by UV-VIS spectroscopy and carried out until a phthalo
cyanine color disappeared. After the reactions finished, the mixtures were 
filtered off, washed with DMF and THF (3×30 ml) and dried at 40 °C.
	 For 4: XPS elemental analysis data (%): C, 83.14; N, 5.77; O, 7.74; 
F,  3.34. FTIR (KBr, n/cm–1): 3413 (=NH), 2917, 2850 (C–HAr), 1045 
(CH2–O). Raman (780 nm, n/cm–1): 2570 (SWCNT–OPc), 1575 (G-band), 
1292 (D-band). TGA [in vacuo, 53 K min–1, loss% (Tmax/°C)]: 30.48 
(274, Pc elimination), 6.04 (588, rough destruction).
	 For 5: FTIR (KBr, n/cm–1): 3434 (=NH), 2913, 2846 (C–HAr), 1084 
1045 (CH2–O). Raman (780 nm, n/cm–1): 2564 (SWCNT–OPc), 1560 
(G-band), 1276 (D-band). TGA [in vacuo, 53 K min–1, loss% (Tmax/°C)]: 
11.75 (210, Pc elimination), 5.39 (484, rough destruction).
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Scheme  2  Reagents and conditions: i, F-SWCNT, DMF, DBU, 80 °C, 3.5 h.
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FTIR (KBr) spectra of (Figure  1  a) ligand 2 and (b) its conjugate with 
F-SWCNT.
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TGA curves for phthalocyanine ligands (Figure  2  a) 2 and (c) 3 and (b), (d) corresponding conjugates with F-SWCNT.
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Raman spectra (780 nm laser) of (Figure  3  a) starting F-SWCNT and 
conjugates (b) 5 and (c) 4.


