
COL 12(11), 112501(2014)  CHINESE OPTICS LETTERS November 10, 2014

1671-7694/2014/112501(3)  112501-1 © 2014 Chinese Optics Letters

In past decades, a multitude of organic semiconducting 
materials have been specifically designed for research on 
devices such as organic light-emitting diodes[1],  organic 
photovoltaics[2], organic field-effect transistors[3], and 
photoreceptors[4]. However, almost all of them are classi-
fied into the solid-state category including  amorphous[5], 
crystalline[6], or semicrystalline[7] solids. Therefore, pre-
processing usually has to be carried out under high 
vacuum deposition[8] or solution conditions[9] to achieve 
device structures, which not only require pinpoint accu-
racy that actually increases difficulty in  operating but 
also leave some unexpected defects in the active layer 
and the interface between organic materials and metal 
electrodes which finally restrict the device performance 
in large scale. 

Recently, there have been reports regarding organ-
ic electronic devices incorporating free-flowing liquid 
 organic semiconductors replacing conventional materi-
als. Hopefully, the number of potential advantages of 
 incorporating liquid semiconductors such as good inter-
facial contact with rough surfaces and the possibility 
of solvent-free (or solvent-minimal) device processing[10] 
has been gradually acknowledged. However, further ex-
ploration of this unique class of materials has hampered 
the research on transport mechanism and application 
of devices. Therefore, these devices based still on liq-
uid semiconductor are fabricated in the multi-layer and 
dopant-needed conformations for easy charge injection 
and transport.

In particular, some materials in their isotropic 
phases exhibited electronic transport. For instances, 
hexakis(hexylthio)triphenylene[11] and 2-4-octylphenyl–
6-n-butoxynaphthalene[12], well-studied liquid crystalline 
materials, show hole and electron mobilities with the 
order of 10−4 cm2V−1s−1. Also, it has to be mentioned 
that both of them have been measured at high temper-
ature above 90 °C for reaching their clear points. From 
the point of practical application, room  temperature 
liquid semiconductors are required. 

However, to the best of our knowledge, only two 
room temperature liquid semiconductors, 9-(2-ethyl-
hexyl)carbazole[13] and N,N-bis(4-(triisopropylsilyloxy) 
phenyl)-3,4-dimethylaniline[14], have been prepared and 
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their mobilities were characterized by time-of-flight 
(TOF) technique. The former showed a hole mobility 
around 10−6 cm2V−1s−1[13] and the later showed a tem-
perature-dependent positive charge transport mobility 
ranging from 10−7 at −20 to 10−4 cm2V−1s−1 at 60 °C[14]. 
But, in these two materials, no electron transport was 
presented at all. Empirically, there might be too much 
trapping sites for negative charge, probably originating 
from trace amount of impurities[15]

.
A photoluminescent liquid, 4,7-bis(1-decynl)-2,1,3-ben-

zothiadiazole (DOBT) (Fig. 1), was synthesized through 
Sonogashira coupling between 4,7-dibromo-2,1,3-benzo-
thiadiazole and 1-decyne according to a recent report[16]. 
This compound exhibited good free fluidity at ambient 
temperature and strong photoluminescence (PL) even 
under visible light. Its PL property is also discussed 
in this letter. Furthermore, it was found that DOBT 
also showed typical negative transient photocurrent in 
TOF experiment, leading to an electron mobility of  
5.2×10−6 cm2V−1s−1.

Figure 2 shows optical absorption, PL, and PL ef-
ficiency. In the absorption spectrum, the position 
of absorption maximum appeared at 461 nm result-
ing in a little narrow energy gap of 2.7 eV, which 
can be compared with those observed for large con-
jugation  systems obtained in the solid state, such as  
hexabenzocoronene[17] and perylene[18] derivatives. PL 
spectra were obtained by illuminating the sample with 
Xe laser light of wavelength in the range between 
250 and 450 nm. This PL spectrum emitted using a 
wavelength of 300 nm laser line almost covered visible 
 optical region from 400 to 700 nm. 
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Fig. 1. Molecular structure of DOBT.
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digital oscilloscope, and hot stage whose temperature 
was controlled by PID thermocontroller. Carrier mobil-
ity m can be estimated from the equation m = d 2/VtT,,  
where d is the sample thickness, V is the applied volt-
age, and tT is the transit time of photogenerated car-
riers through the bulk sample. The tT was decided by 
kink points in double logarithmic plots of transient 
photocurrent as a function of time. In all the mea-
surements, the resistance was 10000 Ω. The transient 
 photocurrents of negative charges were gained in a non-
dispersive manner (Fig. 3), which contributed to small 
intermolecular distance beneficial for electron hop-
ping from one molecule to another, and also indicated 
 excellent purity in this liquid sample[15].

The carrier mobility in DOBT for electron was deter-
mined to be 5.2×10−6 cm2V−1s−1. The mobility, although 
quite low, is still on the same order of  magnitude with 
those in molecularly doped polymers[25] and triaryl-
amine derivatives[26] (practically used as an indispens-
able component of the photoreceptor for xerographic 
copiers and laser beam printers, respectively) and 
higher than that of tris(8-hydroxyquinolinolato-N1,O8)  
aluminum (Aq3)[27]. 

In particular, the mobility can be described as  
m ∝ exp(βE 1/2), where β is a constant. Figure 4 shows 
the logarithmic mobility versus E 1/2 plot for electron 
mobility. It can be seen that very weak electric field 
dependence of electron mobility is exhibited, which 
points out the evidence for the involvement of ionic 
transport[15]. Furthermore, the characteristic electric 
field-independent mobility strongly indicates very small 
intermolecule space in this free-fluidity liquid semicon-
ductor, which was usually discussed only in liquid crys-
tal materials that usually align well and  self-organize 
into very highly ordered structures providing fast 
 pathway for charge transport[17,18].

In conclusion, we present a novel liquid compound 
with wide absorption, excellent PL, and high PL effi-
ciency up to 17.8%. Also charge transport measurement 
is done through TOF, which exhibits a high electron 
mobility up to 5.2×10−6 cm2V−1s−1, almost independent 

The PL quantum yield was measured by comparing 
the integration of the emission spectrum of a sample 
with a standard one under identical optical condition. 
As can be seen in Fig 2, DOBT exhibited very high PL 
efficiency which has been reported rarely in small organ-
ic molecule fields. Generally, the generated excitations 
at high photon energies relative to the onset of π–π * 
 absorption are particularly important for the charge 
generation in this kind of π-conjugated systems. The 
excitonic states are considered to be more  delocalized 
when excitations generated at high photon energies, 
which facilitate exciton dissociation and give rise to a 
significant increase in the efficiency for charge genera-
tion. However, in our direct measurement, a weak de-
pendence of PL efficiency on the excitation wavelengths 
was observed, which presented an arched trace with a 
maximum of 17.8% at 300 nm. And even at the edges of 
the optical absorption, a high PL efficiency of 15.3% was 
detected. Similar observations were reported even for a 
cyano derivative of poly (p-phenylenevinylene) (PPV)[19], 
aluminum-trisquinolate[20], and pristine PPV[21]. 

To investigate n-type semiconducting property of 
DOBT, the transient photocurrent measurement was 
performed by a conventional TOF experiment[22–24]. The 
TOF equipment included a nitrogen gas laser (l = 337 nm,  
pulse duration time = 600 ps, power per pulse = 13.6 mJ),  
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Fig. 2. Optical absorption, PL, and PL efficiency.
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Fig. 3. Linear plot of typical transient photocurrents for nega-
tive carriers as a function of time at room temperature, the 
sample thickness is 9 mm. 
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Fig. 4. Electrical field dependence of hole and electron mobili-
ties at room temperature.
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of the electric field. This new n-type photoluminescent 
liquid semiconductor can be promising application in 
flexible optoelectronics. 
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