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porphyrin. The UV−vis absorbance spectrum studies con-
firmed that the ZnTCPP(M) (M = Zn, Mn, and Fe) films
consisted of porphyrin ligands coordinated with metal ions in
the porphyrin centers. In addition, the red-shift of the S band
occurs in ZnTCPP (M = Zn, Mn, and Fe) films compared with
the ZnTCPP(H2) thin film after chelating metal ions within
the porphyrinic core, suggesting that the introduction of metal
ions resulted in the strong electronic interaction. Moreover,
the elemental compositions and valences of ZnTCPP(M) films
were also analyzed by X-ray photoelectron spectroscopy (XPS)
and revealed the presence of C, N, O, Zn, and M (M = Zn,
Mn, and Fe) elements (Figures S5−S9). The binding energies
located at 1022.1 and 1045.2 eV correspond to Zn(II) 2p3/2
and 2p1/2, respectively.52,53 In the N 1s spectra of ZnTCPP-
(M) (M = Zn, Mn, and Fe) thin films, a primary peak at about
398.9 eV was assigned to metal-coordinated nitrogen in
porphyrin (Figure 1d). Two N peaks were found for the
ZnTCPP(H2) thin film at 400.1 and 398.1 eV, corresponding
to the pyrrolic nitrogen (−NH−) and iminic nitrogen (�C�
N�),39,54,55 respectively, indicating that the porphyrinic core
was metallized in ZnTCPP(M) (M = Zn, Mn, and Fe) films
and the porphyrinic core was unmetallized for the ZnTCPP-
(H2) film. Scanning electron microscopy (SEM) images in
Figure 1e and Figures S10−S12 revealed that the surface of
ZnTCPP(M) (M = Zn, Mn, Fe, and H2) films was well
defined, continuous, and uniform. The cross-sectional SEM
image in Figure 1d confirmed that the thickness of the
ZnTCPP(Zn) film with 20 cycles was about 220 nm. The
AFM image in Figure S13 exhibited rather flat surfaces for the
ZnTCPP(Zn) film. Such bimetallic MOF films with a

continuous surface would provide good candidates for
optimizing the photodetection performance.

The ZnTCPP(M) thin films with 20 cycles grown on a
SiO2/Si substrate were used to fabricate the photodetectors.
The device consists of an average 220 nm-thick MOF layer
with an effective area of 0.01 cm2 and two silver electrode
contacts as illustrated in Figure 2a. The photoresponse of the

developed ZnTCPP(M) photodetectors was measured by a
commercial semiconductor analysis system using the two-
probe method. As shown in Figure 2b, all ZnTCPP(M)
photodetectors exhibited a stable and reversible on/off
photocurrent when irradiated with periodic light pulses. The
maximum photocurrent responses were about 103, 83, 65, and
46 μA for ZnTCPP(Zn), ZnTCPP(Mn), ZnTCPP(Fe), and
ZnTCPP(H2) photodetectors, respectively, demonstrating that
the photocurrent behavior could be optimized by coordinating
different metal ions within the porphyrinic center. Among
them, the ZnTCPP(Zn) photodetector exhibited the strongest
photoresponse. The Rλ values of ZnTCPP(M) photodetectors
were determined to be 10.3, 8.3, 6.5, and 4.6 A W−1 (Figure
2c) according to Rλ = Ip/(P × S) (Ip, P, and S are the
photocurrent, incident power density, and effective device area,
respectively) and showed the following order: Rλ (ZnTCPP-
(Zn)) > Rλ (ZnTCPP(Mn)) > Rλ (ZnTCPP(Fe)) > Rλ
(ZnTCPP(H2)). The I−V characteristics of the ZnTCPP(Zn)
photodetector as a function of light intensity at 420 nm
(Figure S14) displayed that the response current of the
detector increases with rising irradiation intensity, indicating

Figure 1. (a) XRD patterns, (b) IR spectrum, (c) UV−vis absorption
spectrum, and (d) N 1s XPS spectra of ZnTCPP(M) films; (e)
surface and (f) cross-sectional SEM images of the ZnTCPP(Zn) film.

Figure 2. (a) Schematic diagram of ZnTCPP(M)-based photo-
detectors; (b) I−t curve, (c) responsivities, and (d) on/off ratio of the
ZnTCPP(M)-based photodetector; (e) rise/fall time curve and (f)
time-resolved photocurrent stability test of light and dark current for
the ZnTCPP(Zn) photodetector.
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