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PtOEP microsheets with well-defined shape and smooth surface were fabricated,

which showed active optical waveguides, photodetector and photoswitching

properties.



[

w
b

I
S

Journal Name

Cite this: DOI: 10.1039/c0xx00000x

WWW.ISC.Org/XXXXXX

RSC Advances

ARTICLE TYPE

Facile fabrication and optoelectronic properties of platinum

octaethylporphyrin microsheets

Qing-Guo Zhang,? Ying Lu,*® Feng-Xia Wang.” Ying Wei**, Yong-Qiang Liu,’ Bo Yang® and Ge-Bo

Pan*"

Received (in XXX, XXX) XthXXXXXXXXX 20XX, Accepted Xth XXXXXXXXX 20XX

DOI: 10.1039/b000000x

Single-crystal microsheets of platinum octaethylporphyrin
(PtOEP) were fabricated by a facile solution process and fully
characterized. The as-fabricated microsheets had well-
defined shapes and smooth surfaces, and could act as active
optical waveguides. The prototype photodetector based on a
single microsheet showed high reproducibility and
photosensitivity with an 1./l ratio of ~500.

Functional organic micro/nanostructures with controlled shapes
and sizes are of great significance for miniaturized devices due to
their unique physical and chemical properties.' Porphyrin and its
derivatives have planar aromatic structures and are ideal building
blocks for organic micro/nanostructures.”* Previous studies have
indicated that they could self-assemble into one-dimensional (1D)
micro/nanostructures through n-7 interaction.>” The 1D products
of porphyrins exhibit high thermal and chemical stabilities, and
possess good electrical and optical properties.>*® However, it is
noted that there are very few studies on two-dimensional (2D)
micro/nanostructures of porphyrins, as well as their photoelectric
properties.z’9 The fabrication of 2D micro/nanostructures with
both well-defined shapes and smooth surfaces is still a hard task
for porphyrins.'® On the other hand, 2D micro/nanostructures are
expected to have different photoelectric properties from 1D ones,
and are thus of great scientific interest from both fundamental and
practical points of view.

Herein, we report the fabrication of micrometer-sized sheets of
platinum octaethylporphyrin (PtOEP) by a facile solution process.
Fig. la is the chemical structure of PtOEP. The targeted molecule
is a typical phosphorescence material, which is extensively used
in optical oxygen sensor,'' temperature sensor,'> organic light-
emitting diode,"* and organic solar cells.'* Recently, 1D structures
of PtOEP have been prepared by either physical vapor deposition
or solution-phase precipitative method.'>'® This differs from the
present study that 2D structures of PtOEP are formed. Moreover,
the as-formed microsheets are single crystals, have well-defined
shapes, and can act as active optical waveguides. The prototype
photodetector based on single microsheet exhibits high sensitivity,
stability and photo-switching properties.

In a typical synthesis, a chloroform solution of PtOEP (2
mg/ml) was slowly injected into propylene glycol methyl ether
acetate (PGMEA). The volume ratio of chloroform and PGMEA
was 3:1. The mixed solution was shaken for 60s and stored at

ambient conditions for ~ 3 h. Then, a drop (~ 5 pl) of PtOEP

so solution was deposited onto Si substrate. The solvent was allowed
to evaporate completely in air and the resultant product was
further annealed at 150 °C for 30 min.
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ss Fig. 1 (a) Chemical structure of PtOEP. (b) SEM and (¢) AFM images of
PtOEP microsheets. (d) XRD pattern of microsheets and source powder of
PtOEP. The inset is an SAED pattern recorded within a single PtOEP
microsheet.
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Fig.1b shows a typical scanning electron microscopy (SEM)
image of the product. The image demonstrates the formation of
microsheets with well-defined shapes and smooth surfaces. The
average width of microsheets is ~ 9 pm and the length is ~ 20 um.
Fig.1c shows an atomic force microscopy (AFM) image of a
representative microsheet. The cross-section reveals a thickness
es of ~ 1 um. It is noted that the aspect ratio (length/width) of
microsheets is dependent on the volume ratio of chloroform and
PGMEA. Larger aspect ratio can be obtained by increasing the
PGMEA content in the mixed solution (Fig. S1, ESIt). Fig. 1d
shows the XRD patterns of both microsheets and PtOEP source
powder. All the diffraction peaks could be well-indexed to the
triclinic phase of PtOEP.>!'® Moreover, the diffraction peaks of
(001) planes of microsheets are significantly enhanced relative to
those of source powder, indicating a highly crystalline feature of
microsheets. This assumption is further supported with the well-
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defined SAED pattern (the inset) of a single PtOEP microsheet.
In addition, the SAED pattern is consistent throughout the whole
sheet, implying the single-crystalline nature of microsheet.

Fig. 2a shows the UV-vis absorption and photoluminescence
(PL) spectra of microsheets and PtOEP monomers. In comparison
with the monomers, the absorption bands at 382, 500, and 535 nm
are broadened for microsheets. Moreover, the absorption band at
382 nm is blue-shifted to 377 nm, whereas the bands at 500 and
535 nm are red-shifted to 505 and 540 nm, respectively. The PL
spectrum also reveals that the emission peak of microsheets leads
to a 4 nm blue-shift compared with the monomers. The above
results indicate that an ordered molecule-packing is adopted in
microsheets.’ The chemical composition of microsheets is further
investigated by Fourier transform infrared (FT-IR, Fig. 2b),
Raman (Fig. 2c), and energy dispersive X-ray (EDX, Fig. 2d)
spectroscopy. The FT-IR spectrum of microsheets has the same
feature as that of PtOEP source powder. The four characteristic
bands are observed at 749, 961, 997, 1233 c¢m’, implying that
PtOEP molecules does not undergo chemical reactions or other
chemical reactions during solution process. Moreover, it is seen
that the Raman spectrum (Fig.2c) of microsheets has similar
features to that of PtOEP source powder. The characteristic peaks
are comparable to those of PtOEP derivatives.'” In addition, the
EDX spectrum of microsheets (Fig. 2d) shows only the peaks of
C, N and Pt elements, indicating that CHClj; is not involved in the
PtOEP microsheets. This is consistent with the results of the FT-
IR. Therefore, it is concluded that the as-fabricated microsheets
are purely made of PtOEP molecules.
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Fig. 2 (a) UV-vis absorption and PL spectra of PtOEP monomers (dot line)
in chloroform and microsheets (solid line) deposited on quartz substrate.
(b) FT-IR and (c) Raman spectra of microsheets and source powder of
PtOEP. (d) EDX spectrum of PtOEP microsheets. The peak of Si element

arises from SiO, substrate.
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Fig. 3a represents a typical fluorescence microscopy image of a
single PtOEP microsheet. It can be seen that the fluorescence
intensity at the edges is stronger than that of the internal part of
PtOEP microsheet. This phenomenon implies that the PtOEP
microsheets can absorb the excitation light and propagate the PL
emission towards the edge-interface, i.e., a typical characteristic
of active waveguide is realized. In order to obtain further insight
into the propagation behaviour within the microsheets, spatially
resolved PL spectra of the out-coupled light with respect to the
45 length travelled is investigated and shown in Fig. 3b. To obtain
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the local PL spectra, the detection tip is held at the upper
terminus and the excited points are moved along the long side of
a single microsheet. It can be seen that the intensities and profiles
change with the detection distance. This is mainly attributed to
the re-absorption of the propagation light, which is determined by
the absorption behaviour of PtOEP microsheets. The above
results indicate that PtOEP is a promising material used in active
optical waveguides.
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Fig. 3 (a) The fluorescence microscope image of PtOEP microsheet. (b)
Spatially resolved PL spectra of the out-coupled light by excitation at a
distance of 0-4 um.

In addition, the photoresponse characteristics of microsheet are
also investigated due to its excellent light absorption. Fig. 4a
shows a schematic illustration of the device based on a single
microsheet. Finger electrodes with the length of 200 pm, the
width of 10 um, and the distance of 10 pum are fabricated by
photolithography and electron beam deposition of Au on Si
substrate covered with 300 nm thick SiO,. A drop (~5 pL) of
PtOEP solution is added on the Au electrodes and the solvent is
allowed to evaporate in air. To remove the solvent thoroughly, the
device is annealed at 150 °C for 30 min. Fig. 4b shows a typical
optical image of a real device. It can be seen that the two ends of
a single PtOEP microsheet are firmly connected to two Au
electrodes. The current-voltage (I-V) characteristics of devices are
recorded with Keithley 4200 SCS and RF Probe Station (PE-4RF)
in a clean and shielded box at room temperature. A Xenon lamp is
used as the white light source. Fig. 4c shows the typical |-V
curves of the device in the dark and under continuous white light
illumination with varying intensity. As expected, the device
exhibits obvious photoresponse characteristics. The photocurrent
under light illumination is markedly higher than that obtained in
the dark. At an applied bias of -20 V, the microsheet in the dark
exhibits a negligible current of 0.013 pA. At a low power density
of 1.57 mWem™, a high current of about 1.02 pA was obtained,
that is, photocurrent ratio of ~77. The photo-current/dark-current
ratio is expected to be much larger if higher power illumination is
employed for the photocurrent measurement. At a high power
density of 12.05 mWem™, the photocurrent on/off ratio can reach
375. The dependence of the photocurrent on the intensity of the
incident light may lie in different photon densities from the
incident light (Fig. 4c). Fig. 4d shows the relationship between
the photocurrent and incident light power densities. This can be
well fitted to the power law Ip ~ P°, where 0 determines the
response of the photocurrent to the light intensity. The fitting
demonstrates a power dependence of ~ 0.82, which is I ~ P*%,
indicating the existence of quasi-uniform trap state distribution.'®
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Fig. 4 (a) Schematic illustration and (b) representative optical image of
device based on PtOEP microsheet. (¢) Dark current and photocurrents at
different incident power densities. (d) Curve of photocurrents versus
incident optical densities at a bias voltage of -20 V

Moreover, the photoconduction switching is demonstrated to
be prompt and reversible by light turning on and off under the
illumination intensity of 12.05 mW c¢cm™ (Fig. 5a). It is clear that
the current of devices increases with the bias voltage and shows
two distinct states, a “low” current state in the dark and a “high”
current state under white light illumination. The “on”- and “oftf”-
state currents for 11 cycles remain almost the same. The
switching in the two states is very fast and reversible, and the
response time is ca. 1s from the “off’-to “on”-state, and the
recovery time is ca. 1.5 s (Fig. S2, ESI"). This allows the device
acting as a high-quality photosensitive switch. The excellent
photoresponse characteristics may be attributed to the synergy-
effect of a high orientation and charge transportability.”’ In
addition, the photodetector based on the PtOEP microsheet shows
high stability as shown in Fig. 5b. The photocurrent nearly holds
steady and only decreases by 1.8% after 900 s illumination,
indicating the high photocurrent durability of the photo detectors.
A similar phenomenon has been reported in the literature and is
possibly attributed to the traps and other defect states in the
semiconductor nanomaterials.”’
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Fig. 5 (a) Time-dependent on/off switching of device based on the PtOEP
microsheet. (b) Current versus time continuously over 900 s under
illumination.

600
Time(s)

In summary, PtOEP microsheets with well-defined shapes and
smooth surfaces were fabricated by a facile solution process. The
fluorescence microscopy image and spatially resolved PL spectra
of PtOEP microsheets reveal a typical characteristic of active
waveguide. Moreover, the prototype photodetectors based on
individual microsheets exhibit good stability, fast switching rate,
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and high photosensitivity. The highest ratio of I, /I, of the
photodiode can reach 500. The superior performance together
with their facile, large-scale, and low-cost preparation process
makes the as-obtained PtOEP microsheets promising in
waveguide sensing and photodetector devices.
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