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Ag2-TCNQF4 (TCNQF4=2,3,5,6-tetrafluoro-7,7,8,8-tetracyanoquinodimethane) was synthesized for the 

first time via a photo-induced charge transfer of the precursor of semiconductor Ag-TCNQF4 under Au 

nanoparticles (AuNPs) as a catalyst. We first prepared the one-dimensional Ag-TCNQF4 crystal wires on 

a solid-supported substrate via the solution process. Then, Ag-TCNQF4 reacted with KAuCl4 via the 

galvanic replacement reaction to form a metal/semiconductor complex, AuNPs decorated Ag-TCNQF4 10 

(AuNPs@Ag-TCNQF4). The resulted Ag-TCNQF4 crystal wires and AuNPs@Ag-TCNQF4 complex 

were characterized by scanning electron microscopy (SEM), X-ray diffraction, ultraviolet–visible (UV-

vis) and X-ray photoelectron spectroscopies. Under the plasmon-enhanced catalysis of AuNPs, a laser-

induced charge transfer process happened on Ag-TCNQF4, varying it to Ag2-TCNQF4. Time-resolved in 

situ Raman spectra were recorded to monitor the photo-induced charge transfer process. The Raman data 15 

show that this photo-induced charge transfer process is laser wavelength-dependant, power-dependant 

and irradiation time-dependant. It is also affected by the loading of AuNPs. The SEM images, UV-vis and 

infrared spectra of AuNPs@AgTCNQF4 before and after laser irradiation further prove that the charge 

transfer product is Ag2-TCNQF4. The mechanism of the plasmon-enhanced catalysis of photo-induced 

charge transfer from TCNQF4
-
 to TCNQF4

2- is suggested, which provides a good model to study the 20 

charge transfer process in metal/semiconductor systems. In addition, this material has significance for the 

applications on memory storage and photoelectric devices.  

1. Introduction 

One-dimensional (1D) metal-organic charge transfer 
semiconductors, metal-7,7,8,8-tetracyanoquinodimethane (M-25 

TCNQ, while M= Cu+ or Ag+), have received an abundance of 
attention because of their electrical and optical bistable switching 
behaviors, memory functions, and field emission properties.[1-10] 
When TCNQ- is replaced by tetra-fluoride (2,3,5,6-tetrafluoro-
7,7,8,8-tetracyanoquinodimethane, TCNQF4

-), the metal-organic 30 

semiconductor (M-TCNQF4 while M = Cu+ or Ag+) turns into a 
delocalized electronic structure and the electron affinity raises as 
well since TCNQF4

- is a stronger electron acceptor relative to 
TCNQ-.[11-12] In recent studies, these fluorinated analogues have 
received renewed attention on their spatial structures, synthesis 35 

methods and potential applications.[12, 13, 14] Especially for Ag-
TCNQF4, it is regarded as an outstanding candidate for electrical 
switching devices,[11] field-emission cathodes[15] and catalysts.[16] 
As early as 1982, Ag-TCNQF4 has been synthesized through a 
spontaneous redox reaction.[17] Subsequently, its single-crystal 40 

structure was obtained.[18] Electron diffraction crystal structure of 
Ag-TCNQF4 demonstrated that four TCNQF4

-
 ions are combined 

with Ag ions in a tetrahedral environment with a highly distorted 
configuration.[5] Two independent networks generate a 
propagating parallel TCNQF4

- layer, which has a relative 45 

orientation angle of 90° with adjacent twofold TCNQF4
- layers.[5] 

The strong π-π stacking between Ag-TCNQF4 achieves a 1D 
column stack nanostructure.[11,13,18] Furthermore, theoretical 
studies proved that the structure of Ag-TCNQF4 nanowire is the 
π-π stacking of quadruple TCNQF4

- around Ag+.[13] 50 

Many methods have been employed to prepare Ag-TCNQF4. The 
early synthetic method is spontaneous redox reaction, achieving a 
Ag-TCNQF4 film on a Ag substrate.[11] The vacuum vapor-solid 
chemical reaction can obtain wire-typed Ag-TCNQF4.

[15] It has 
also been reported that the direct mix of Ag+ cations and 55 

TCNQF4
- salt can produce crystallic Ag-TCNQF4 nanowires.[18]  

As a typical charge transfer organic semiconductor, the Ag-
TCNQF4 can be changed to Ag2-TCNQF4. In Le’s work, they 
obtained a Ag2-TCNQF4 film via heating Ag-TCNQF4 in 
vacuum.[19] Recently, Kotsiliou et al. employed a reduction 60 

reaction of TCNQF4 to in situ prepare Ag-TCNQF4 and Ag2-
TCNQF4 on an electrode.[14] 

In this study, a new, simple and effective route for synthesizing 
Ag2-TCNQF4 is proposed. We employed a plasmon-assisted 
catalytic process to in situ transfer TCNQF4

- to TCNQF4
2- via a 65 

photo-induced charge transfer reaction. First, 1D Ag-TCNQF4 
crystal wires were prepared on a Ag film modified glass slide by 
a redox reaction. Then, we modified the 1D Ag-TCNQF4 crystal 
wires with Au nanoparticles (AuNPs). The photo-induced charge 
 70 
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Scheme 1. The strategy for preparing Au nanoparticles-decorated Ag-TCNQF4 complex. 

transfer reaction was carried out when the AuNPs decorated Ag-
TCNQF4 (AuNPs@Ag-TCNQF4) was exposed to a high energy 5 

laser (488, 514, or 532 nm). The localized surface plasmons 
(LSPs) of AuNPs resonate with light, assisting the photo-induced 
charge transfer from Ag-TCNQF4, forming Ag2-TCNQF4. This 
charge transfer process was monitored and proved via Raman 
spectroscopy. Impacting factors on the photo-induced charge 10 

transfer reaction were discussed, involving the laser wavelength, 
power density, irradiation time, and the AuNPs loading density. 
Eventually, the mechanism of photo-induced charge transfer was 
proposed. 

2. Experimental Section 15 

2.1 Chemicals and Materials.  

7,7,8,8-tetracyano-2,3,5,6-tetrafluoroquinodimethane (TCNQF4) 
was obtained from Sigma-Aldrich. Acetonitrile (for HPLC, 
≥99.9%) and KAuCl4·2H2O (Au≥52%) were purchased from 
Aladdin Company. 20 

2.2 Synthesis of AuNPs@Ag-TCNQF4. 

Scheme 1 shows the preparation process of AuNPs@Ag-
TCNQF4. First, 1D Ag-TCNQF4 crystal wires were prepared on a 
clean glass slide via immersing a 100 nm thickness silver film 
deposited glass slide into a TCNQF4 acetonitrile solution (2.0 25 

mg/mL) at room temperature for two minutes.[20] After that, the 
1D wire-shaped Ag-TCNQF4 crystals formed. The residual 
TCNQF4 was removed by anhydrous acetonitrile. The average 
length of the Ag-TCNQF4 crystal wires was about 4 µm 
(statistical result from its SEM image). This process can be 30 

descirbed as equation (1): 
Ag(s) + TCNQF4(aq) → Ag-TCNQF4(s)                                      (1) 
Then, Ag-TCNQF4 crystal wires were immersed in different 
concentrations of KAuCl4 acetonitrile solutions (1.0 µM, 10.0 
µM, 50,0 µM, 0.1 mM, 0.5 mM, 1.0 mM, 5.0 mM, and 10.0 mM) 35 

for one minute. Via a galvanic replacement reaction, AuNPs were 
formed on the surface of Ag-TCNQF4 crystal wires.[21] This 
processes can be described by the following equation (2): 
3Ag-TCNQF4(s) + K+[AuCl4]

-
(aq) → 

Au0
(s) + 3TCNQF4

0
(aq) + 3AgCl(s) + KCl-

(aq)        
 (2) 40 

2.3 Characterization. 

Raman spectra were obtained with a Portable MiniRam Raman 
spectrometer (BWTEK, USA) and microscope utilizing a 785 
nm, 2.96 mW excitation source. The Raman spectra excited under 
532 nm laser (High-power semiconductor laser BWTEK, USA) 45 

were recorded with another Portable BWTEK Raman 

spectrometer. The diameter of the irradiation spot is about 800 
µm. The Raman spectra under 633 nm excitation wavelength 
were recorded from a LabRam Aramis Raman Microscope 
system (Horiba-JobinYvon, France) which equipped with an 50 

water-cooled He-Ne ion laser as an excitation source. The Raman 
spectra under 488 and 514 nm excitation wavelengths were 
obtained on a Jobin Yvon T64000 system (Horiba-JobinYvon, 
France). Spatial resolution is 2 cm-1, equipped with a water-
cooled Ar ion laser as an excitation source. The laser powers 55 

reaching to samples were measured by a COHERENT Laser 
power meter. 
Infrared (IR) spectra were measured by a Fourier transform 
spectrometer (Bruker Vertex 80v) equipped with a liquid 
nitrogen-cooled mercury cadmiumtelluride (MCT) detector. 60 

Scanning electron microscopic (SEM) images of the micro-
structures were achieved with HITACHI SU8020 systerm cold 
field emission scanning electron microscope. Ultraviolet–visible 
(Uv-vis) spectra were recorded with an Ocean Optics USB4000 
spectrometer. X-ray photoelectron spectra (XPS) were carried out 65 

using an VG ESCALAB MK II electron spectrometer, the 
excitation source is Mg Kα X-rays (hν = 1253.6 eV). Powder X-
ray diffraction (XRD) patterns of Ag-TCNQF4 and Ag2-TCNQF4 
were performed on a SmartLab Smart powder X-ray 
diffractometer with Cu KR radiation. 70 

3. Results and discussion 

3.1 Characterization of Ag-TCNQF4 and AuNPs@Ag-
TCNQF4. 

3. 1.1 SEM Characterization. 

Figure 1a shows the SEM image of the 1D wire-shaped Ag-75 

TCNQF4 crystals. It can be found the Ag-TCNQF4 crystal wires 
are prisms in micron-size. Figure 1(b-i) show the SEM images of 
AuNPs@AgTCNQF4 which were prepared by using increasing 
concentrations of KAuCl4 acetonitrile solutions via the galvanic 
replacement reaction. Different concentrations of KAuCl4 80 

acetonitrile solutions cause different morphologies of deposited 
Au. When the concentration of KAuCl4 was lower than 1.0 µM, 
only a number of small AuNPs with an average size of 40 nm 
were attached to the surface of the Ag-TCNQF4 crystals wires 
(Figure 1b). At the same time, the Ag-TCNQF4

 crystal wires were 85 

etched into pieces, because part Ag-TCNQF4 wires could be 
dissolved in acetonitrile solution. When the KAuCl4 
concentration was increased to 10 µM (Figure 1c), many mono-
disperse rhombic AuNPs (diameter is about 80 nm ) formed along 
the arrises of wires and a few of them were scattered on the 90 

surfaces. It is noted that the dissolution of Ag-TCNQF4 crystal 
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wires reduced. The crystal wires were etched only at the   

 
Figure 1. SEM images of a)Ag-TCNQF4 nanowires and AuNPs@Ag-TCNQF4 microrods which were prepared by using b) 1.0 µM, c) 10.0 µM, d) 50.0 

µM, e) 0.1 mM, f) 0.5 mM, g) 1.0 mM, h) 5.0 mM and i) 10.0 mM KAuCl4 acetonitrile solutions, respectively. Scale bars correspond to 2µm. 5 

 
Figure 2. A) X-ray diffraction (XRD) patterns and B) Uv-vis absorption 
spectra of Ag-TCNQF4 and AuNPs@Ag-TCNQF4 which were prepared 

by using 0.5 and 5.0 mM KAuCl4 solutions.  

conjunction of Ag-TCNQF4 crystal wires. As the KAuCl4 10 

concentration further increased, AuNPs became larger gradually 
and further covered the whole Ag-TCNQF4 (Figures 1d-f). 
Besides, the diameter of AuNPs increased to 100 ~ 300 nm. The 
phenomenon of Ag-TCNQF4 crystal wires dissolved in 
acetonitrile solutions was hardly observed at these conditions. 15 

When the concentration of KAuCl4 arrived in 5.0 mM (Figure 
1h), the Ag-TCNQF4 crystal wires were partly etched into prolate 
ellipsoids because numerous Ag-TCNQF4 were consumed in the 

presence of abundant Au salts. If much higher KAuCl4 
concentration was used, Ag-TCNQF4 were totally destroyed and 20 

only AuNPs left (Figure 1i). So, the reaction between Ag-
TCNQF4 and KAuCl4 in acetonitrile involves a competing 
reaction between the dissolution of Ag-TCNQF4 and the redox 
based galvanic replacement process. The phenomenon consists 
with the reaction of CuTCNQ and KAuBr4 in acetonitrile 25 

solutions.[21] 
 
3.1.2 XRD analysis. 

XRD patterns further confirmed the growth of AuNPs on the Ag-
TCNQF4 surface in this galvanic replacement reaction. Figure 2A 30 

is the XRD pattern of Ag-TCNQF4, which displays that Ag-
TCNQF4 is in the space group C2/c with the lattice constants of 
a=13.35 Å, b=6.9 Å, c=25.725 Å, β=117°, and V=2111.43 Å, 
respectively. These data are in accordance with previous 
literature.[18] Ag-TCNQF4 has stronger peaks (2θ) at 7.653 °, 35 

13.168 °, 14.624 °, 15.353 °, 16.8 ° 26.52 ° and 26.79 °, 
corresponding to Ag-TCNQF4 at (002, 200, 11-1, 004, 204, 400, 
020), which are similar to the previous report.[11] According to 
Dunbar’s report,[18] we can know that the obtained Ag-TCNQF4 
exhibits a single phase.  40 

The XRD analysis of AuNPs@Ag-TCNQF4 is also shown in 
Figure 2A. A strong peak (2θ) at 38.0 ° from a group of (111) 
planes in fcc structured Au was observed,[22] which confirms the 
formation of AuNPs on the Ag-TCNQF4 crystal wires.  
 45 

3.1.3 Uv-vis absorption analysis. 

Figure 2B shows the Uv-vis absorption spectra of Ag-TCNQF4 
crystal wires and AuNPs@Ag-TCNQF4 complexes. Ag-TCNQF4 
has two absorption peaks centered at around 357 and 630 nm, 
respectively. The 630 nm absorption band is originated from  50 
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Figure 3. XPS spectra of Ag-TCNQF4 in (A) Ag 3d, (B) N 1s and (C) C 
1s regions, respectively. (D) XPS spectrum of AuNPs@Ag-TCNQF4 in 

Au 4f region.  

Table 1. The XPS assignments of elemental composition and chemical 5 

status of Ag-TCNQF4 crystal wires on the Ag film. 

Energy 
level 

Binding 
energies (eV ) 

Area (P) 
CPS.eV 

Assignment 

Ag 3d3/2 
374.20 7771.703 Ag0 [24,25] 
373.30 38529.67 Ag+ in Ag-TCNQF4 

Ag 3d5/2 
368.25 33799.67 Ag0 
367.37 52172.49 Ag+ in Ag-TCNQF4 

N 1s 
402.10 

30351.21 

shake-up processes of π-
conjugated [26] 

398.68 
anion TCNQF4

- in direct contact 
with Ag+ and C≡N [26] 

C 1s 
 

284.73 
145667.18 

C=C[27] 
285.85 C≡N[27] 
287.00 fluorine/carbon binding[28] 

 
TCNQF4 radical anions and the 357 nm absorption band belongs 
to neutral Ag-TCNQF4.

[11] The Uv-vis absorption spectrum of 
AuNPs@Ag-TCNQF4 prepared by using a 0.5 mM KAuCl4 10 

solution shows a decrease of the absorption intensity in 550-800 
nm comparing to Ag-TCNQF4. When the KAuCl4 concentration 
was as high as 5.0 mM, the 630 nm peak became very weak, 
which is originated from the TCNQF4 radical anions oxidized by 
KAuCl4 solution during the galvanic replacement reaction. 15 

Meanwhile, a new absorption peak at 580 nm emerged, which is 
attributed to the LSP resonance band of AuNPs. 
 
3.1.4 X-ray photoelectron spectroscopy analysis. 

The elemental composition and chemical status of Ag-TCNQF4 20 

were analysis by XPS (Figure 3 A-C). Table 1 displays the 
elemental composition assignments. The XPS results prove the 
co-existence of Ag0 and Ag-TCNQF4 for the sample of Ag-
TCNQF4 crystal wires. The quantitative analysis was carried out 
according to the atomic sensitivity factors law.[23] The atomic  25 

 

 
Figure 4. Time-resolved in situ Raman spectra of A)AgTCNQF4 and 

AuNPs@AgTCNQF4 which were prepared by using B)50.0 µM, C)0.5 
mM and D)5 mM KAuCl4 acetonitrile solutions under the photo-induced 30 

charge transfer reaction. The excitation wavelength was 532 nm.  

ratio of Ag+/N is nearly 1:4, proving that Ag+ ions are 
coordinated to four TCNQF4

−.[5] The atomic ratio of Ag+/C is 
about 1:34. 
Figure 3D shows the XPS spectrum of Au 4f region from the 35 

sample of AuNPs@Ag-TCNQF4. The Au 4f energy values can be 
divided into 4f7/2 and 4f5/2 components. The major 4f7/2 binding 
energy features at 84.7 eV, which is a characteristic energy of 
Au0. [21] XPS further confirms the growth of AuNPs on the Ag-
TCNQF4 surface in this galvanic replacement reaction. 40 
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Table 2.  Raman shift assignments of Ag-TCNQF4 and Ag2-TCNQF4. 

Raman shift of TCNQF4
-(cm-1) Raman shift of TCNQF4

2-(cm-1) 
Assignment 

Experiment Reference[12] Experiment Reference [a][12] 
2221(m) 2205(m) 2207-2259(m) 2135(m), 2175(m) ν C≡N, δ C≡N 
1638(s) 1641(s) 1642(s) 1648(s) ν C=C ring 
1446(s) 1443(s) 1390(s) 1428(w) ν C-CN wing 

  1240(m) 1242(w) ν C-C wing, νC6-C1-C7 deformation stretch 
  1104(m)  νC1-C2-C3 ring deformation stretch 

ν, stretch; δ, bend; π, wagging; s, strong; w, weak; v, very; m, medium. [a] Data are from the previous paper for identification of TCNQF4 redox level, 5 

whose donor are different from Ag2-TCNQF4.

 
Figure 5. A) Uv-vis spectra and B) Infrared spectra of AuNPs@Ag-

TCNQF4 before (a) and after laser irradiation (b). 

 10 

Figure 6. SEM of Ag2-TCNQF4 prepared by the photo-induced charge 
transfer from AuNPs@Ag-TCNQF4. Scale bar is 5µm.  

3.2 Photo-Induced Charge Transfer Process under Plasmon-

Enhanced Catalysis  

3.2.1 The formation of Ag2-TCNQF4. 15 

As we stated previously that Ag-TCNQF4 is a metal-organic 
charge transfer semiconductor, its photoelectrical property is very 
attractive. In this study, we also observed the phenomenon of 

photo-induced charge transfer happening on Ag-TCNQF4 in 
presence of AuNPs. Importantly, we employed Raman 20 

spectroscopy to monitor and record this charge transfer process. 
Figures 4B, C and D present the time-resolved in situ Raman 
spectra of AuNPs@Ag-TCNQF4 in a photo-induced charge 
transfer process. The excitation wavelength was 532 nm. For 
comparison, the time-resolved in situ Raman spectra of Ag-25 

TCNQF4 are provided (Figure 4A). Under the laser irradiation, 
the Raman signals of Ag-TCNQF4 were unchanged within 15 
min. Differently, with the laser irradiation, AuNPs@Ag-TCNQF4 
showed remarkable changes in Raman band intensities at 1642 
(increase) and 1446 cm-1 (decrease) and in the emergence of new 30 

bands at 1390, 1240 and 1104 cm-1. We attribute these changes to 
the formation of TCNQF4

2- under the existence of AuNPs.  
Table 2 lists the Raman band assignments of Ag-TCNQF4 and 
Ag2-TCNQF4 from Figure 4. To our knowledge, there is no 
literature displaying the Raman spectra of Ag2-TCNQF4. It might 35 

be because there are only two papers referring to success in 
synthesizing Ag2-TCNQF4.

[16, 19] In present study, we infer that 
the product of the photo-induced charge transfer is Ag2-TCNQF4 
via Raman band assignemnts (see ESI). 
Therefore, this photo-induced charge transfer reaction can be 40 

expressed by Equation (3-6).  
2Ag-TCNQF4 → Ag-TCNQF4

+ + Ag-TCNQF4
-           (3) 

Ag → Ag+ + e-                                                               (4) 
Ag-TCNQF4

+ + e- → Ag-TCNQF4                               (5) 
Ag-TCNQF4

- + Ag+ → Ag2-TCNQF4                           (6) 45 

Semiconductor Ag-TCNQF4 produces photon-generated electrons 
and holes under the laser irradiation.[29] The electrons from Ag on 
the bottom compensate above holes. Accordingly, the formed 
Ag+ ions react with Ag-TCNQF4

- to form the Ag2-TCNQF4. 
 50 

3.2.2 UV-vis, IRIRIRIR    and SEM and SEM and SEM and SEM characterizations of AuNPs@Ag-

TCNQF4 before and after laser irradiation. 

In order to further confirm the photo-induced product, the Uv-vis 
and IR spectra of AuNPs@Ag-TCNQF4 before and after photo- 
induced charge transfer were measured (Figure 5). As we stated, 55 

before laser irradiation, a broad absorption between 280 and 545 
nm (the maximal absorption wavelength is at 357 nm) attributing 
to the neutral Ag-TCNQF4 was observed before 532 nm laser 
irradiation (curve a). After laser irradiation, the 357 nm band 
growing up (curve b). The new birth band is attributed to 60 

TCNQF4
2-, which is consistent with the reported results.[12,19] 

The IR spectra of AuNPs@Ag-TCNQF4 before and after laser 
irradiation (Figure 5B) are in accord with the Uv-vis results. 
Compared with curve a, the C≡N stretching vibration modes at 
2130 and 2165 cm-1 and the C=C ring stretch at 1477 and 1495 65 
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Figure 7. Raman spectra of a) Ag-TCNQF4 crystal wires and AuNPs@Ag-TCNQF4 prepared by using b) 1.0 µM , c)10.0 µM, d)50.0 µM, e)0.1 mM, f) 0.5 
mM, g)1.0 mM, and h)5.0 mM KAuCl4 solutions, respectively. The excitation wavelengths were A)532, B)514, C)488, D)633 and E)785nm, respectively.

cm-1 in curve b show shifts as a result of a increase of negative 5 

charges at symmetrical positions, suggesting the formation of 
TCNQF4

2-.[19]  

A SEM image of AuNPs@Ag-TCNQF4 after photo-induced 
transformation is shown in Figure 6. We found that original 
crystal wires had been reduced and formed the amorphous Ag2-10 

TCNQF4, which is accordance with  provisions report [14] 

 
3.2.3 The influence of the loading of AuNPs on photo-induced 
charge transfer process. 

It also can be inferred from Figure 4 that with the coverage of 15 

AuNPs increasing, the reaction rate increases. In Figures 4B and 
4C, it experienced 20 and 15 min to reach the equilibrium of the 
charge transfer process. For AuNPs@Ag-TCNQF4 prepared by 
using 5.0 mM of KAuCl4, the photo-induced charge transfer 
process arrived in equilibrium just within 2 min (Figure 4D).  20 

Figure 7 A-C shows the Raman spectra of Ag-TCNQF4 crystal 
wires (curve a) and AuNPs@Ag-TCNQF4 with different 
coverages of Au NPs (from curve b-i, the coverage density 
increases) under different excitation wavelengths invovling 488, 
514 and 532 nm, respectively. Comparing curve b-i, we can find 25 

that the ratio of peak intensity (1390 cm-1 / 1446 cm-1) increases, 
which indicates the degree of charge transfer from TCNQF4

- to 
TCNQF4

2- is ascent. These results reflect Au NPs play an active 
action in the photo-induced charge transfer process. For the 
AuNPs@Ag-TCNQF4 with more Au deposition (curve f-i in 30 

Figures 6a-c), the LSPR absorption of Au become dominating, 
weakening Raman signals consequently. 
 
3.2.4 The influence of laser wavelength on photo-induced 

charge transfer process.  35 

Moreover, this photo-induced charge transfer process from 
TCNQF4

- to TCNQF4
2- is dependent on excitation photonic 

energy. Figure 6 displays the laser wavelength effect on the 
Raman spectra of Ag-TCNQF4 crystal wires (curve a) and 
AuNPs@Ag-TCNQF4 (cureves b-i). AuNPs@Ag-TCNQF4 40 

exhibited different photoelectrical property under different lasers 
irradiation. Under 532 nm laser, new bands corresponding to 
TCNQF4

2- can be identified (curve b-i in Figures 7A ). Similar 
changes can be found under the excitation wavelengths of 514 
and 488 nm (Figures 7B and C). The Raman peak changes were 45 

unobserved when using 633 nm as excitation wavelength (curve 
b-i in Figure 7D). Raman data obtained at 785 nm excitation 
prove again that no new band emerged (curve b-i in Figure 7E). 
These results imply that the higher energy lasers can cause an 
electron transfer reaction, resulting in formation of TCNQF4

2-. 50 

The photo-induced charge transfer process only happens when 
the irradiation energy is over 2.33 eV (532 nm). 

Table 3. The reaction time for completing the photo-induced charge 
transfer reaction in AuNPs@Ag-TCNQF4 under different power densities. 

Power density  
(×105 W/cm2) 

Reaction Time  
(min) 

3.87 45.0 
7.63 9.0 
10.1 5.0 
12.7 1.0 
14.6 0.5 
17.9 0.3 
22.1 0.21 
24.5 0.20 
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Scheme 2.The mechanism of the photo-induced charge transfer reaction 

in AuNPs@Ag-TCNQF4.  

 
3.2.5 The influence of power density on photo-induced charge 5 

transfer process. 

In addition, power density also has influence on the Ag-TCNQF4 

transformation process. We measured the reaction time for the 
complete transformation from TCNQF4

- to TCNQF4

2- under 
different power densities (532 nm laser). Table 3 shows the 10 

reaction finishing time under different power density. With the 
laser power density increasing, the reaction time for complete 
transformation decreases. 
 

3.3. The Mechanism of Photo-Induced Charge Transfer 15 

Process under Plasmon-Enhanced Catalysis  

Based on the above results, we propose the mechanism of the 
photo-induced charge transfer process (Scheme 2). Owing to 
AuNPs have strong visible-light absorption due to surface 
plasmon resonances,[30] the light absorption on AuNPs@Ag-20 

TCNQF4 has been enhanced for photo-catalysis, resulting in a 
high reation rate of charge transfer from TCNQF4

- to TCNQF4
2-

. 
Ag-TCNQF4 has a work function of 1.07 eV,[13] which is lower 
than the work function of Au (5.2 eV).[31] So electrons can be 
extracted from the semiconductor (Ag-TCNQF4) to Au (see 25 

Equation 3).[32] The details of this effect process are illustrated in 
Scheme 2. First, an incident photon interacts with electrons in the 
valence band of Ag-TCNQF4, promoting them across the band 
gap to the conduction band.[33] AuNPs deposited on 
semiconductor surface form the Schottky barriers at the interface 30 

of Au/semiconductor, which makes electrons continuous transfer 
from semiconductor to metal and further collect at the 
Au/semiconductor interface.[21] The existence of AuNPs is 
favorable for suppressing electron/hole recombination. The holes 
are diffused to the surface of Ag-TCNQF4. As a result, Ag atoms 35 

from the bottom Ag film compensate electrons for holes. The 
superfluous electrons at the Au/semiconductor interface return to 
semiconductor and reduce Ag-TCNQF4 to produce Ag-TCNQF4

- 
instead of the recombination with hole. Due to the large 
difference in the chemical potential of the bottom Ag and the top 40 

Ag-TCNQF4 crystals, the migration of Ag+ ions along the 
semiconductor crystal will be facilitated. Therefore, the fast 
migration of Ag+ ions react with the photo-generated Ag-
TCNQF4

-, forming Ag2-TCNQF4.
[23]  

However, we found Ag2-TCNQF4 could revert back to Ag-45 

TCNQF4 under several hours storage in dark. Previous paper also 

reported that the transformation of Ag2-TCNQF4 to metallic Ag 
and Ag-TCNQF4 when exposing a Ag2-TCNQF4 thin film to a 
low-power visible laser.[19] We suppose there is a competing 
reversible reaction between Ag2-TCNQF4 and Ag-TCNQF4. 50 

When a higher energy visible laser irradiates Ag-TCNQF4, with 
the AuNPs as a catalyst, the reaction goes to forming Ag2-
TCNQF4. It is a fast transformation process. When the laser 
energy is removed, it can be reverse back to Ag-TCNQF4, which 
is a slow process.  55 

4. Conclusions 

A plasmon-catalyzed transformation from Ag-TCNQF4 to Ag2-
TCNQF4 was observed, when they were excited at 532 nm (2.33 
eV) or more high energy lasers. The degree and the rate of charge 
transfer occurring on Ag-TCNQF4 relied on the excitation 60 

wavelength, excitation intensity, the irradiation time and the 
coverage density of Au NPs. This study puts forward a possible 
approach to synthesize Ag2-TCNQF4 controllably via photo-
transformation. In addition, it provides a good model to study the 
charge transfer process in metal/semiconductor systems. The 65 

reaction between Ag2-TCNQF4 and Ag-TCNQF4 is reversible, 
which make AuNPs@Ag-TCNQF4 be a potential candidate for an 
erasable memory storage material. Relative study is still under 
going. 
 70 
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