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roughness factor values of 29.03 nm for CoTAPc-TA-Au and
137.82 nm for CoTAPc-MPA-Au, compared to the unmodi-
fied gold with the mean roughness of 0.54 mm. The increase
in roughness factor might be due that various areas of the
surface is covered by SAMs while other areas are exposed
(as predicted by impedance spectroscopy), thus increasing
the mean roughness of the surface.

X-ray photoelectron spectroscopy analysis

In order to confirm the presence of elements, various function-
al groups and surface composition for the bare and modified
gold electrodes, XPS analysis was performed. Figure 4 and S1
summarize the XPS results for each stage of surface modifi-
cation (TA-Au and CoTAPc-TA-Au) in addition to the bare
gold electrode. The survey XPS spectra of bare electrode (Fig.
S1a) shows the presence of Au 4f (83.4 eV) which is obvious
and due to the gold surface. Au 4f (83.2 eV) and S 2p
(163.2 eV) peaks were observed for thioctic acid modified
gold electrode (TA-Au, Fig. S1b) which confirm the success-
ful assembly of TA onto the gold electrode via Au-S

interactions. The survey (Fig. 4(a)) and high-resolution spec-
tra for CoTAPc-TA-Au confirm the presence of Au 4f
(83.3 eV), S 2p (163.3 eV), N 1 s (398.3 eV) and Co 2p
(780.6 eV) which are in agreement with the expected surface
composition. Overall, the presence of Au, S, N, and Co peaks
collectively confirms the successful immobilization of
CoTAPc onto the thioctic acid (TA) modified gold electrode
[28, 33, 34]. From the high-resolution spectra (Fig. 4(c and
d)), S was observed in the form of different functional groups
(RS� , S and -SH) which are associated with the successful
assembly of thioctic acid onto the gold surface. The presence
of carbon functional groups (C-C, C-O, C=O, O=C-O) and in
particular C-N peak at 399.7 eV (Fig. 4(e)) which is only
observed for CoTAPc-TA modified gold electrode is a confir-
mation of phthalocyanine ring. From the high-resolution spec-
tra for CoTAPc-TA modified gold electrode (Fig. 4(f)), Co
was found to be in (+2, Co2+) oxidation state and associated
with Co-phthalocyanine [28, 33, 34]. In addition, from the
high-resolution XPS spectra (Fig. 4(b)), Au 4f shows doublet
peaks with narrow FWHM (0.7 eV) at around 84.0 ± 0.2 eV
which corresponds to metallic Au [28, 33, 34]. From the

Fig. 3 AFM images (A) plane of (a) CoTAPC-TA-Au, (b) CoTAPC-MPA-Au, and (c) bare Au and (B) 3-D (a) CoTAPC-TA-Au, (b) CoTAPC-MPA-Au
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survey spectra analysis, the Au content (surface composition)
was found to be 34.3%, 22.6% and 2.6% for bare Au, TA-Au
and CoTAPc-TA-Au, respectively. It is clearly evident from
the XPS analysis that the surface Au content was reduced by
about 66% for TA and 75% for CoTAPc-TA modified gold
surfaces compared to the bare gold electrode. This confirms
the success of the linker (TA) assembly onto the bare Au
surface and CoTAPc immobilization onto the TA modified
gold electrode.

Wettability, contact angle measurements

When an interface exists between a liquid and a solid, the
angle between the surface of the liquid and the outline of
the contact surface is described as the contact angle (θ).
The contact angle (wetting angle) is a measure of the

wettability of a solid by a liquid. Wettability measure-
ments were performed to investigate the gold surface
quality. Firstly, 5 μL of DI water was deposited onto the
surface. Afterwards, the water droplet behavior obtained
on the surface was acquired with a digital camera. The
wettability was recorded before and after surface modifi-
cation. Table 1 shows the change of the contact angle as a
function of the modification performed on the gold sur-
face. In the first step, the gold surface was cleaned well
with acetone and piranha and the contact angle was mea-
sured at 67.2 °. This value shows the hydrophilic proper-
ties of the surface. In the second step, the thiol was
allowed to assemble onto the surface. The contact angle
after assembly of thioctic acid and 3-mercaptopropionic
acid was 62.0 ° and 35.6 °, respectively. This attributed
to the fact that thiol has a carboxylic group, and a

Fig. 4 (a) The survey spectra of
CoTAPc-TA modified gold
electrode; (b) High-resolution
spectra of Au 4f for bare and
modified electrodes (labeled); (c
and d) High-resolution spectra of
S 2p for TA-Au and CoTAPc-TA-
Au, respectively; High-resolution
spectra of (e) N 1 s and (f) Co 2p
for CoTAPc-TA-Au
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