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ABSTRACT 
Combined-mediated therapy for cancer treatment is gaining urgent attention due to the 

overwhelming side effects of conventional chemotherapy. The use of single-walled carbon 
nanotubes (SWCNTs), as a drug delivery agent, will improve the selectivity, efficacy, and 
properties of tetra-substituted zinc phthalocyanine (ZnTPCPc) as a photodynamic agent during 
photodynamic therapy. The effect of SWCNT and uridine on the properties of ZnTPCPc was 
studied. Uridine was chemically linked to ZnTPCPc to form ZnTPCPc-uridine (2) which was 
further adsorbed onto SWCNT-COOH to give a combined photoactive complex represented as 
ZnTPCPc-uridine-SWCNT (3). Fluorescence and laser flash spectroscopy were used to determine 
the photophysical parameters, while thermogravimetric analysis (TGA), Raman spectroscopy, 
Transmission Electron Microscopy (TEM), UV-visible and Fourier transform infrared (FTIR) 
spectroscopy were used to characterize the complexes. Characteristics Q-band of metallated 
phthalocyanine was observed for the derivatives of ZnTPCPc, complexes 1, 2, and 3 exhibited Q-
band maxima at 680 nm. Changes in the TGA pattern, TEM image, Raman peaks, and FTIR spectra 
show that complexes 2 and 3 were successfully formed. Despite the presence of SWCNT in 
ZnTPCPc-uridine-SWCNT, the fluorescence and triplet quantum yield increases; this indicates that 
the quenching effects of SWCNT were not observed in complex 3. The photophysical properties 
of the complexes, especially the high triplet quantum yield result suggest that the new combined 
photoactive complex could be a potential drug for the treatment of cancer. 
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1. Introduction  
The biomedical application of single-

walled carbon nanotubes (SWCNTs) has 
grown tremendously, due to their unique 
physicochemical properties, such as great 
strength, flexibility, molecule-adsorptive 
surface area, high impact ratio, and their 
photothermal effect (PTT) which makes 
SWCNTs a potential PTT agent in cancer 
therapy [1-3]. However, the challenges of 
uniform dispersion due to aggregation, and 
toxicity of pristine SWCNTs have limited their 
application in commercial scale. To overcome 
these limitations of SWCNTs, research work 
has shown that functionalization, for example, 
the introduction of carboxyl, amino groups, or 
conjugation to other compounds has greatly 
overridden the issues around its applicability 
in medicine [4-6]. In this work, the properties 
of SWCNTs were examined after adsorption 
through π-π interaction with the conjugate of 
zinc phthalocyanine-uridine (tetra-
substituted).  

Zinc phthalocyanine (ZnPc) is a 
photodynamic agent; the combination of ZnPc, 
the light of appropriate wavelength, and 
molecular oxygen leads to the generation of 
singlet oxygen, a reactive oxygen specie and 
cytotoxic agent resulting in the irreversible 
destruction of cancerous cells during 
photodynamic therapy [7-10]. ZnPcs are 
examples of metallophthalocyanines (MPcs) 
in different clinical trial stages [11]. To 
improve the efficiency, specificity, solubility, 
and selectivity of ZnPc to cancerous cells, its 
conjugation to biomolecules is being explored 
[12, 13]. Uridine is overexpressed in breast 
cancer [14] and it improved the photophysical 
and photodynamic properties of MPc after 
linkage [15-18]. The transportation of PDT 
agents to target cells could limit its application 
to different cancerous tissues or organs. Thus, 
the adsorption of ZnPc-conjugate to SWCNTs 
is a developing strategy to deliver the potential 
cancer drugs. SWCNTs have hollow and cage-
like interiors through which they can anchor 
drugs [19-21]. Herein, we report for the first 
time the photophysical properties of 

conjugates of uridine with zinc tetra phenoxy 
carboxy phthalocyanine (ZnTPCPc) in the 
presence or absence of SWCNT. 

 
2. Experimental 
2.1 Materials 

Single-walled carbon nanotubes 
(SWCNT-COOH, 1-5 nm in diameter and 1-5 
µm in length) were obtained from Nanolab. 
Dimethylsulphoxide (DMSO) N, N'-
Dicyclohexylcarbodiimide (DCC) and 
dimethylformamide (DMF), chloroform, 
hexane and tetrahydrofuran (THF), Zinc 
phthalocyanine (ZnPc), uridine, 
dimethylaminopyridine (DMAP), were 
obtained from SAARCHEM. ZnTPCPc (1) 
[22] was synthesized according to literature 
methods. 
 
2.2 Equipment 

Infrared spectra were recorded on a 
Perkin-Elmer Universal ATR Sampling 
accessory spectrum 100 FT-IR spectrometer. 
Transmission electron microscopy (TEM) 
images were obtained using a Zeiss Libra TEM 
120 model operated at 90 kV. Mass spectra 
data were collected with a Bruker AutoFLEX 
III Smartbeam TOF/TOF mass spectrometer 
[23, 24]. Raman spectra were obtained with a 
Bruker Vertex 70 - Ram II spectrometer 
(equipped with a 1064 nm Nd: YAG laser and 
liquid nitrogen-cooled germanium detector), 
and solid samples diluted with KBr were used. 
Thermal gravimetric analysis (TGA) was 
recorded on a Shimadzu DTG-TG 60H with a 
gas flow of 120 ml/min and operated under a 
nitrogen atmosphere at 10 oC /min. 

Absorption spectra were recorded on a 
Shimadzu UV-Vis 2550 spectrophotometer 
and fluorescence emission and excitation 
spectra were examined on a Varian Eclipse 
spectrofluorimeter using a 360-1100 nm filter. 
Laser flash photolysis experiments were 
performed to determine the triplet decay 
kinetics [24]. Solutions for triplet state studies 
were de-aerated with argon for 15 min before 
measurement. 
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2.3 Synthesis 
2.3.1 Synthesis ZnTPCPc-Uridine (2) 

conjugate, Fig. 1A 
A mixture of ZnTPCPc (1) (0.2 g, 0.18 

mmol) and DCC (0.06 g 0.29 mmol) in 4 ml of 
DMF was stirred for 2 h under argon at room 
temperature. Afterward, DMAP (0.01 g, 0.08 
mmol) was added and the reaction mixture was 
stirred for 24 h. Uridine (0.16 g, 0.72 mmol) 
was added and the mixture was further stirred 
for 48 h. The reaction mixture was poured into 
40 ml of distilled water and extracted with 40 
ml of chloroform three times. The solid 
product (ZnTPCPc-uridine (2)) was purified 
by silica gel column chromatography using the 
solvent mixture of THF and hexane (95:5 v/v) 
as eluent, following a procedure reported by 
[25] with modification.  

ZnTPCPc-uridine (2): Yield 64 % (0.09 
g), UV–Vis (DMSO), λmax (nm) (log e): 679 
(5.3), 615 (4.2), 353 (4.8). Anal. Calc. for 
C96H84N20O28Zn: C, 56.77; H, 4.17; N, 13.79. 
Found: C, 57.38; H, 4.58; N, 14.86 %. 
MALDI-TOFMS (m/z): 2031 g/mol, Found: 
2029.  IR [(ATR) vmax/cm-1]; 3402 - 3058 
(OH str.), 1694 and 1597 (C=O), 1226 (OH 
bend), 1087 and 1043 (C-O-C). 
 

2.3.2 Synthesis of ZnTPCPc-uridine-
SWCNT (3), Fig. 1B 

ZnTPCPc-uridine (2) was adsorbed on 
SWCNT-COOH according to literature 
methods for adsorbing of other Pc [26] with 
slight modification as follows: 20 mg of 
SWCNT-COOH were ultra-sonicated for 60 
min in 3 ml of DMF to give a brown coloured 
suspension which was further centrifuged for 
20 min at 3500 rpm to get rid of large bundles 

of SWCNT-COOH, the supernatant was used 
for experiments. ZnTPCPc-uridine (0.2 g, 
0.098 mmol) was then added to the solution to 
give a blue suspension and the resulting 
mixture was stirred for 5 days to give a dark 
blue solution indicating the formation complex 
3. The reaction mixture was poured into 20 ml 
of distilled water and was extracted using 
chloroform three times. The chloroform 
fraction was allowed to dry in a vacuum. The 
solid product was purified using size exclusion 
chromatography. 

ZnTPCPc-uridine-SWCNT (3): UV–
Vis λmax nm 680, IR [(ATR) vmax/cm-1]; 
3402 - 3169 (O-H str.), 1597 (C=O), 1233 (OH 
bend), 1143 and 1091 (C-O-C str.). [Raman 
vmax/cm-1]: 2549 (G*), 1591 (G), 1278 (D). 
 

2.3.3 Photophysical and photochemi-
cal parameters 

Triplet  and fluorescence  
quantum yields for complexes 2 and 3 were 
determined using the comparative methods as 
previously described [27-30]. ZnPc in DMSO 
was employed as a standard for triplet quantum 
yield (  = 0.65 [28] and fluorescence 
quantum yield (  = 0.20, [29]). 
 
3. Results and Discussion 
 The synthetic route for the formation of 
ZnTPCPc-uridine (2) and ZnTPCPc-uridine-
SWCNT (3) is shown in Fig 1. ZnTPCPc-
uridine is an esterification reaction between 
ZnTPCPc and uridine, while ZnTPCPc-
uridine-SWCNT was formed by adsorbing 
ZnTPCPc-uridine on SWCNT through a π-π 
interaction. 

( )TF ( )FF

TF

FF
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Fig. 1.  Synthetic route for the formation of complex 2 and 3. 

 
3.1 UV and FTIR Characterization of 
Complexes 2 and 3 
 Complexes 2 and 3 show three peaks at 
347, 609, and 676 nm of a symmetrically 
substituted metallated phthalocyanine which is 
usually characterized by a single Q-band as 
shown in complexes 2 and 3 (Fig. 2), while un-
metallated Pcs and unsymmetrically 
substituted MPcs might display split Q-band 

depending on the solvent. A single Q-band 
where observed for complexes 2 and 3, these 
peaks were the same for the compounds except 
for differences in peak intensity. The peaks are 
similar to what has been reported before for 
MPc which usually exhibits a prominent peak 
between 650 to 1000 nm depending on the 
substituents with a base peak around 610 nm, 
and a B-band between 300 - 400 nm [31, 32]. 
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 The FTIR data (Table 1) confirm the 
successful formation of ZnTPCPc-uridine (2) 
and ZnTPCPc-uridine-SWCNT (3). The (OH) 
str. of ZnTCPc shifted to a longer wavelength 
on the formation of ZnTPCPc-uridine; the 
bathochromic shift may be as a result of the 
presence of OH groups in uridine, and these 

may also account for other changes in the 
peaks observed for complex 2. The shift in 
peaks or appearance of new peaks for 
complexes 2 and 3 were quite different for 
either ZnTCPc or SWCNT-COOH alone 
indicating successful conjugation. 

 
Table 1. FTIR data of complexes 1-3. 

 

  
Fig. 2. Absorption spectra of SWCNT-COOH 
(a), ZnTPCPc-uridine-SWCNT, 3 (b), 
ZnTPCPc, 1 (c) and ZnTPCPc uridine, 2 (d). 
 

 
 
Fig. 3. The thermal decay profile of ZnTPCPc-
uridine-SWCNT (3) (a), SWCNT-COOH (b), 
and ZnTPCPc-uridine (2) (c).

3.2 Thermogravimetric analysis (TGA) 
Thermogravimetric analysis (TGA) 

shows the weight loss (%) of a sample 
concerning an increase in temperature. As the 
temperature increases, the weight percentage 
decreases due to different reactions which 
correspond to changing mass. The TGA 
profiles of the complexes were obtained under 
a steady flow of N2, at a heating rate of 10 ℃ 
min-1. Fig. 3 shows different thermal decay 
profiles of complexes 3, SWCNT-COOH, and 
2. The different thermal stability of the 
complexes as depicted by their percentage 
weight loss show that the complexes have 
different chemical and structural formulations. 

Complex 2 was less stable at high temperatures 
showing 28.5 % weight loss at 500 ℃. At low 
temperatures, up to 150 ℃, it showed only 
91.5 % weight loss; however, as the 
temperature increases it steadily loses weight 
due to different functional groups such as -
NH2, -OH breaking off (Table 2). SWCNT-
COOH was more stable than complex 2, 
showing 42.6 % weight loss at 500 ℃. The 
thermal stability of ZnTPCPc-Uridine (2) 
improved on adsorption to SWCNT-COOH to 
form ZnTPCPc-Uridine-SWCNT (3) showing 
64.1 % weight loss at 500 ℃; this can be 
attributed to the thermal strength of SWCNT 
[33]. The initial mass loss experienced (at ~ 
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100 ℃), as shown in Table 2 for each sample, 
may be attributed to solvent losses such as H2O 
which has a boiling point of 100 ℃. 
Decomposition of functional groups (such as –
COOH, -NH2, -OH) and CH2 found in 
SWCNT will occur between the temperature 
range of 100-250 ℃ [34, 35]. At about 350 ℃ 
ZnTPCPc-Uridine (2) experienced a 48.9 % 
weight loss as shown in Table 2 due to the 
breaking of the pyrrole units of the complex. 

The increase in stability of ZnPc compounds 
used in this report on adsorption to SWCNT 
corresponds with the literature. Ogbodu et al. 
[12] reported an increase in ZnPc- spermine 
conjugate adsorbed on SWCNT. It was 
difficult to estimate the number of Pcs per 
SWCNT using the reported procedures [36] 
because the SWCNT did not decompose 
completely. 

 
Table 2. Thermogravimetric analysis (TGA) data of complexes 1-3. 

Temperature 
(℃) 

ZnTPCPc-uridine-
SWCNT (% weight loss) 

SWCNT-COOH 
(% weight loss) 

ZnTPCPc-uridine 
(% weight loss) 

26 100 100 100 
50 98.9 98.9 99.9 
80 95.5 95.3 99.2 

100 94.2 91.8 98.5 
150 92.8 86.4 91.5 
180 92.2 85.1 83.5 
200 91.8 84.4 75.6 
250 90.8 81.5 60.8 
300 89.6 76.9 53.4 
350 87.1 72.9 48.9 
400 83.4 67.0 41.5 
450 74.6 57.1 32.4 
500 64.1 42.6 28.5 

 
3.3 Raman Spectroscopy 

Raman spectroscopy is used to 
determine the functionalization of a material. 
Complex 3 showed prominent peaks at 1261, 
1587, and 2500 cm-1 wavenumber; these peaks 
were also observed in SWCNTs at low 
intensity. Research has shown that SWCNTs 
exhibit signature Raman peaks (Fig.4) at about 
2500 cm-1 (G*), 1590 cm-1 (G-band (tangential 
mode); sp2)) [36, 37] and 1270 cm-1 (D 
(disorder band, (breathing mode); sp3). The 
changes observed in the intensity of the peaks 
point to the differences in the morphology of 
SWCNTs after the adsorption of ZnTPCPc-
uridine. The D: G ratio is a parameter for 
determining the functionalization extent of 
carbon nanotubes. The D band intensity is 
usually higher on functionalization [38-39], 
increasing D: G ratio. There is a difference in 
the D: G ratio of SWCNTs after modification 
with ZnTPCPc-uridine to form ZnTPCPc-
uridine-SWCNT. Increases in the G band are 

also associated with the removal of some 
amorphous carbon from the nanotubes [40]. 

 
Fig. 4. Raman spectra of (a) ZnTPCPc-
uridine-SWCNT, (3); and (b) SWCNT-
COOH. G* is the non-dispersive phonon 
mode, G is the tangential vibrational mode 
(sp2) and D is the breathing mode; disorder 
band (sp3).  
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3.4 Transmission electron microscopy 
(TEM) 
Transmission electron microscopy was 

used to further characterize complex 3 as 
shown in Fig. 5. The TEM image shows that 
there is a strong interaction between 
ZnTPCPc-uridine and SWCNT after 
adsorption. The image of ZnTPCPc-uridine-
SWCNT and SWCNT-COOH are quite 
different suggesting the successful formation 
of complex 3. Fig. 5 shows an average size of 
about 4-15 nm in diameter for the nanotubes. 
Different sizes are observed due to SWCNTs 
overlapping with each other, which could be a 
result of aggregation. 

 

 

 
 
Fig. 5. TEM Image of SWCNT-COOH (A) 
ZnTPCPc-uridine-SWCNT 6 (B). 
 

 

3.5 Photophysical properties 
3.5.1 Fluorescence Quantum  

yield  
The fluorescence quantum yields 

were calculated for complexes 1, 2, and 3 on 
excitation at 610 nm at an absorbance of 0.05. 
The  of complex ZnTPCPc (1), ZnTPCPc-
uridine (2), and ZnTPCPc-uridine-SWCNT 
(3) are 0.1, 0.13, and 0.16, respectively. There 
was a slight increase in the  complexes 2 
and 3. The intrinsic fluorescence property of 
uridine [41] is responsible for the slight 
increase in the  of the ZnTPCPc in the 
presence of uridine. 
  

3.5.2 Triplet quantum yield  
The triplet quantum yield of 1, 2, and 3 

is given as 0.49, 0.56, and 0.78, respectively. 
The presence of spacers such as phenyl links 
has been reported to support the spin-orbit 
charge transfer intersystem crossing (SOCT-
ISC) mechanism, which results in a fast 
intersystem crossing rate from excited singlet 
state to triplet state [42]. The phenoxyl 
carboxy group is a typical example of a linker 
between ZnTPCPc and uridine moiety; this 
may be responsible for the high triplet 
quantum yield exhibited by complexes 2 and 
3. The increase in triplet quantum yield for 3 is 
surprising; SWCNTs, an electron-accepting 
group, are known to quench photoexcited 
complexes such as electron-donating 
phthalocyanine, thereby impacting the triplet 
quantum yield [43, 44]. The increase in triplet 
quantum yield of complex 3 may be due 
to the formation of radical pairs by the two 
complexes which have been shown to support 
radical-pair intersystem crossing (RP-ISC) 
[43-46].  
 
4. Conclusion 

The synthesis of zinc tetra phenoxy 
carboxy phthalocyanine (ZnTPCPc)- uridine 
and ZnTPCPc-uridine-SWCNT is reported for 
the first time. The conjugates were synthesized 
and characterized by different spectroscopic 
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methods which include FTIR, UV, and mass 
spectrometer. The results showed the 
successful formation of the complexes. 
ZnTPCPc-uridine-SWCNT (3) is more 
thermally stable when compared to ZnTPCPc 
or SWCNT alone. The fluorescence and triplet 
quantum yield of complex 3 increases in the 
presence of SWCNT (over 20 %) despite the 
known quenching effects of SWCNT. This 
suggests that the new combined photoactive 
complex could be a potential drug for the 
treatment of cancer. 
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