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Abstract 

Hybrid nanofibers containing CdSe/ZnS quantum dots have been produced by electrospinning of hybrid 

latexes to characterize the electro-optical behavior of this novel luminescent sensing material. The 

latexes are synthesized by seeded semi-batch emulsion polymerization yielding cross-linked core-shell 

PS/QDs/PMMA particles with efficiently encapsulated quantum dots guaranteeing a good optical 

stability. Addition of polyvinyl alcohol (PVA) or polyethylene oxide (PEO) to the latexes is necessary 

to produce polymeric dispersions suitable for electrospinning manufacture of the nanometric fibers. The 

optimized polymeric dispersions are successfully electrospun obtaining fluorescent nanofibers in both 

cases. The hybrid nanofibers are sensitive to selected solvents (acetone, methanol and THF) and present 

positive response making them good candidates for the production of VOC sensors. 
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Introduction 

Quantum dots in solution or in combination with polymers can be used for several applications such as 

biological labeling, multiplexing assays1–4, solar cells5–7 and LEDs8–10, and in photocatalysis11–13. They 

are intensively used for cation or bio-detection in solutions-sensing assays. This is possible thanks to 

their exceptional photoluminescent, PL, properties. However, in the last years, it was found that 

surrounding gas can influence PL properties of encapsulated QDs when they are embedded in the 

suitable polymer with good permeability to the target gas. This phenomenon was the fundament to 

develop sensing PL materials as chemical gas substances, including, volatile organic compounds 

(VOCs) sensors.14 

Gas and/or VOC sensing is a recent area of interest for quantum dots15–20. Gas sensing for semiconductor 

sensors is based on interactions on the surface of the sensor such as adsorption-desorption (reduction-

oxidation) which generates an electrical signal upon contacting with a gas or vapor21. The adsorption 

process of oxygen takes place in absence of the gas of interest. The atmospheric oxygen adsorbs on the 

sensor´s surface taking an electron from the semiconductor material and forming species as O-, O2- or 

O2
-. This leads to a reduction in the number of charges on the surface of the sensor, so to an increase of 

the resistance, which is the parameter usually used for the characterization of a sensor against a gas or 

vapor. Adsorption is both temperature and composition dependent, so studies carried out with different 

QD types and at different temperatures can be found in literature21. When exposing the sensor to the gas 

or vapor of interest, this reacts with the previously adsorbed oxygen on the surface of the sensor, 

injecting electrons to the surface and resulting in a decrease of the resistance of the sensor. Thanks to 

this increase and decrease of the resistance the sensitivity and selectivity of the sensor can be 

characterized22,23. 

The resistance of semiconductor metal oxides such as ZnO and SnO2 is very sensitive to these processes, 

so they have been extensively investigated as gas sensors24. However, this process can be improved by 

using quantum dots. Their large surface to volume area enhances the selectivity and sensitivity of the 

gas sensor25,26. Some recent articles show this improvement using metal oxide QDs synthesized using 

different techniques and validated against different gases. For example, Forleo et al.15 synthesized ZnO 
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QDs by a wet chemical procedure27 obtaining nanoparticles ranging in size from 2.5 nm to 4.5 nm in 

diameter. The sensor device was prepared by drop-casting deposition of the nanocrystals onto an 

alumina substrate. Their response was studied by applying a voltage of 4 V between the electrodes and 

measuring the circulating current when exposing the sensor to a gas or vapor. The response of the sensor 

was assessed when exposed to NO2, acetone and methanol at different temperatures. They achieved a 

good and selective response to NO2 at low concentration and temperature, but poor responses to 

methanol and acetone. On the other hand, Nath et al.16 synthesized ZnO quantum dots embedded in a 

polyvinylpyrrolidone (PVP) matrix by quenching method, to measure the response to acetone vapor. 

The authors carried out the sensing test to acetone into a silica tube introduced into a tubular furnace, 

controlling both the temperature (200-360ºC) and the acetone concentration (100-500 ppm). They 

observed response of the ZnO sensor at low concentrations of acetone vapor (100 ppm), being maximum 

at 300ºC. Other metal oxides, such as SnO2, have been used as gas sensors17. In this work, the authors 

synthesized SnO2 QDs by sonochemical method, and showed the selectivity of the sensor to carbon 

monoxide over methane in a mixture of both gases below 375ºC. However, not only metal oxides are 

suitable as gas sensors, colloidal PbS has also been studied to detect gases as NO2 
18 and H2S 19. In the 

first case, a flexible device constructed on a paper substrate with fast response and high selectivity to 

NO2 at room temperature was designed. Based on this observation, the same authors demonstrated the 

high sensitivity and selectivity of PbS QDs as sensors for H2S. In this case they used an aluminum 

substrate onto which the PbS QDs were spin-coated by a layer-by-layer process. As in the previous 

examples, the resistance of the device was measured in a range of temperatures and at different gas or 

vapor concentrations. In this case, a highly sensitive, selective and recoverable device for the detection 

of H2S over SO2, NO2 or NH3, at 135ºC was obtained. Recently, an optical gas sensor for CO2 diluted 

in water using graphene quantum dots has been reported20. In this case, instead of electrical changes, 

authors observed a variation of the photoluminescence spectrum of the QDs when putting them in 

contact with a solution of CO2 in water. 

In the examples presented above quantum dots were used in a bare form, they were put directly in contact 

with the vapor or gas of interest. However, this is not a safe procedure due to the toxicity of these 

materials. A reported alternative is the incorporation of QDs into polystyrene and polystyrene-co-maleic 
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anhydride and the synthesis of nanofibers by electrospinning out of those hybrid latexes28. They obtained 

homogeneous fluorescent and conductive nanofibers. The presence of QDs allowed the authors to 

measure the variation of the conductivity of the nanofibers against some solvents such as chloroform, 

DMF and THF in gas state. The confinement of QDs into polymeric shells and matrix is motivated, not 

only by the safe uses of QDs in solid state; it is motivated to prevent aggregation and agglomerations of 

QD nanoparticles that induce PL intensity decreasing. Moreover, core-shell QDs confinements into 

nanometric fibers near the sub-wavelength dimensions allow the light to  behave as in single-mode 

propagation.29 Furthermore, the electrospinning process is a low cost and mass production technique 

well known to manufacture nanometric nanofibers, with the added value of the incredible high surface 

/ volume ratio of the sensing structure, which increases the interaction between the target gas molecules 

and the sensing QDs hybrid nanofiber. 

In the work presented here, hybrid polymeric nanofibers containing core-shell PS/ CdSe/ZnS /PMMA 

particles were produced by electrospinning using a cross-linked core-shell PS/QD/PMMA latex 

dispersed in a water soluble polymer solution. The electrical properties of the QDs hybrid nanofibers 

under exposition to volatile organic compounds (VOCs) at room temperature were studied. First, the 

hybrid PS/QD/PMMA latexes were synthesized as reported elsewhere30,31. In this latex the QD 

nanoparticles were encapsulated in the PS/PMMA cross-linked nanoparticles. Nanofibers could not be 

correctly electrospun because of the low latex viscosity and the addition of a suitable water soluble 

polymer helped producing homogeneous nanofibers. Then, the electrical properties of the nanofibers as 

gas sensors for several VOCs was characterized and analyzed under controlled conditions. 

Experimental part 

Materials 

Commercially available octadecylamine modified CdSe/ZnS quantum dots (OceanNanotech) were 

received in powder state and dispersed in the organic phase when used. The average particle size of the 

quantum dots was 7 nm as measured by TEM. Further details about the characteristics of the QDs can 

be found in reference 30. Styrene (S, Quimidroga) and methyl methacrylate (MMA, Quimidroga), were 

used as monomers without further purification. Divinyl benzene (DVB, Fluka) was used as cross-linker 
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as received. Sodium dodecyl sulphate (SDS, Sigma Aldrich), sodium bicarbonate (NaHCO3, Sigma 

Aldrich) and hexadecane (HD, Sigma Aldrich), were used as emulsifier, buffer and co-stabilizer, 

respectively. Potassium persulfate (KPS, Sigma Aldrich) was used as initiator. Deionized water 

(Milipore Mili-Q purification system) was used throughout the work. Polyvinyl alcohol (PVA, Fluka; 

Mw= 67,000 Da, degree of hydrolysis 86.7-88.7 %) and polyethylene oxide (PEO, Sigma Aldrich; Mw= 

300,000 Da) were used as water soluble polymers. 

 

Synthesis of the hybrid cross-linked core/shell latexes and electrospinning formulation 

Hybrid cross-linked core/shell latexes containing quantum dots were synthesized by seeded semi-batch 

emulsion polymerization following the procedure described in our previous works30,31. First, a 5% solids 

content (S.C.) cross-linked polystyrene/QDs latex was synthesized by miniemulsion polymerization in 

batch at 75°C for 6 hours. Then, and to ensure an efficient encapsulation of the nanoparticles into the 

polymer particles, a cross-linked methyl methacrylate shell was synthesized under starved feed 

conditions (divinyl benzene, DVB, was used as cross-linker). Therefore a shot of initiator (KPS 0.5 

wbm%) was added to the core latex and and a mixture of MMA and DVB (1 wbm%) was fed using a 

syringe pump at 0.12 g/min. The amount of monomer needed to obtain a certain shell thickness was 

calculated from the size of the seed particles and assuming absence of secondary nucleation. When 

finishing the feeding, the latex was kept at 75ºC for 3 hours. The final solids content of the cross-linked 

core/shell latex was 12% S.C. 

The resulting cross-linked core-shell latexes were not suitable for the production of nanofibers by 

electrospinning. In order to obtain good quality and continuous nanofibers, a water soluble polymer 

(PVA or PEO) was added to the latex. In the case of PVA, it was dissolved in the hybrid core-shell latex 

at 70°C during 24 hours under magnetic agitation (samples NF1 and NF1E). On the other hand, when 

using PEO, it was dissolved in the latex at room temperature under magnetic agitation (samples NF2 

and NF2E). Homogeneous and stable dispersions were obtained. The addition of the water-soluble 

polymer makes the dispersion more viscous (100-500 cp) and facilitates the formation of a continuous 

film during the electrospinning process. Apparent viscosity of the polymeric dispersions (hybrid latex 

plus PVA or PEO) was measured using a TA Instruments-AR1500ex rheometer. Flow procedures using 
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a 60 mm diameter steel plate as geometry were carried out at 25ºC. Viscosity was measured in the shear 

rate range 0.1 to 1000 s-1. For comparison purposes, blank latexes (without QDs) were also used to 

produce nanofibers. 

 

Fabrication and Characterization of the nanofibers 

Hybrid polymeric nanofibers containing core-shell PS/ CdSe/ZnS /PMMA were prepared using a 

custom-made needle electrospinning apparatus. The NE-1000 dosage pump speed range available is 

0.73 µL/h to 2100 mL/h. The applied voltage between needle and collector (30 kV) was generated using 

a high voltage power supply (model AU-30R1-L from Matsusada Precision Inc). The needle – collector 

configuration was vertically oriented. The electrospinning setup is equipped with humidity control until 

20% RH.  

The polymeric dispersions with and without QDs were fed into polyamide tube that connects the syringe 

with a needle of 0.6 mm internal diameter. Electrospinning processes were conducted at different flow 

rates because of the different dispersion viscosities (0.08.0.1 L/h for dispersions with PVA and 0.2-0.3 

L/h for dispersions with PEO). A voltage of 15 kV and a needle-collector distance of 200 mm were 

employed in all experiments. Composite polymeric nanofibers with and without QDs were collected 

into non-fluorescent glass substrate or IDE electrodes attached to the counter-electrode as collector 

substrate of the electrospun nanofibers. Optimum conditions regarding applied voltage, needle-collector 

distance and flow rate depend, among others, on the viscosity of the sample, the vapor pressure of the 

solvent (in this case water), and the desired morphology of the nanofibers. All solutions were electrospun 

under the same temperature and ambient humidity conditions, 20ºC and 45-50%. The deposition time 

was varied between glass substrates, 4 min and 20 min, and interdigitated electrodes, 1.5 min.  

A transmission electron microscopy grid or a non-fluorescent glass slide was placed on the middle of 

the metallic collector (aluminum foil) area to collect the nonwoven nanofibers for their later 

characterization by transmission electron microscopy (TEM), scanning electron microscopy (SEM), and 

fluorescence microscopy (Figure 1). The SEM microscope used is a QUANTA 250 from FEI operating 

at high voltage (10 kV) equipped with a standard detector. In order to characterize in further detail the 

nanofibers and the localization of the quantum dots, Transmission Electron Microscopy (TEM) was 



7 
 

used. In this case, nanofibers were directly deposited by electrospinning on the copper grids for a very 

short time to avoid large thickness that might prevent an appropriate TEM analysis. The samples were 

examined in a TECNAI G2 20 TWIN (FEI, Eindhoven, The Netherlands), operating at an accelerating 

voltage of 200 kV in a bright-field and low dose image mode.  

  

Figure 1. a) Deposition of sample NF2 on a glass slide during 20 min. and b) sample NF2 deposited onto an 

interdigitated electrode for 1.5 min. 

Fluorescence properties of the hybrid nanofibers were examined using a Fluoromax-4 

spectrofluorometer (Horiba Jobin Yvon). The spectrofluorometer is equipped with a Xe arc-lamp as 

excitation source (λexc = 365 nm). The fluorescence signal was detected at 90º using the photon counting 

detector of the spectrofluorometer. 

The QDs hybrid nanofibers were electrically characterized under controlled atmosphere composed by 

air and the desired gas concentration. To carry out the electrical measurement, PS/ CdSe/ZnS /PMMA 

hybrid polymeric nanofibers were deposited by electrospinning onto interdigitated electrodes (IDE) 

(22.8 x 7.6 mm2), with platinum electrodes fabricated onto a glass substrate with a trail distance of 5 

µm. The IDE electrodes were connected to ground using two alligator clips on the pads (Figure 1b). 

Electrical resistance of the electrospun nanofibers was measured with a multimeter PPCE-DM 22 True 

RMS Data- Logger with data logger and multiple measurement functions, RS-232 interface and software 

Testlkink SE-120 from PCE Deutschland GmbH connected to the electrode. Gas behavior of the QDs 

hybrid polymeric nanofibers was studied by recording electrical responses under controlled atmosphere 

in custom-made instrumental setup, consisting of a gas chamber with 50 L of volume and temperature 

control and vacuum option. Several gas VOCs were tested under dry air atmosphere. 

 

b) a) 
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Results and Discussion 

Optimization of the formulation for the formation of nanofibers 

As mentioned above, the pristine hybrid latex alone did not allow the production of nanofibers by 

electrospinning; the viscosity of the latex was too low due to the low solids content, and in addition, the 

polymer has high Tg and it is cross-linked, which is not appropriate for fiber formation. Therefore, 

additional film forming and water-soluble polymers, compatible enough with the hybrid nanoparticles, 

were used to favor nanofiber production. Polyvinyl alcohol and polyethylene oxide water-soluble 

polymers were considered as potential template polymers to produce the nanofibers because of their 

different compatibility with the hybrid core-shell polymer particles.  

The amount of PVA and PEO needed to produce stable and homogeneous nanofibers by electrospinning 

was adjusted by obtaining dispersions of blank latex and water-soluble polymer blends with a viscosity 

in the range of 0.1-0.8 Pa..s. Based on this optimized formulations, six different samples were prepared, 

three per water soluble polymer type, one blank and two containing QDs, following the procedure 

presented in the experimental section. The samples containing QDs were prepared using latexes with 

different types and concentration of QDs, NF1, NF1E, NF2 and NF2E. For NF1 and NF1E PVA was 

the selected water-soluble polymer (13% in weight) and for NF2 and NF2E PEO was used (4.8% in 

weight). One blank per PS/PMMA latex /polymer type was also made as reference in the conductivity 

studies. Table 1 summarizes the most relevant data of the dispersions. 

Table 1. Characteristics of the nanofibers prepared in terms of type and concentration of QDs in the nanofibers, 

latex polymer concentration and thickener type and concentration in the nanofibers. 

Sample QDs type 
CdSe/ZnS 

(wt %) 

Latex 

PS/PMMA 

(wt %) 

Polymer 

PVA 

(wt %) 

PEO 

(wt %) 

Blank B1E 

(PS/PMMA latex /PVA) 
- - 42.5 57.5  

NF1 

(PS/QDs/PMMA latex/PVA) 
QD560 2.21x10-4 44.2 55.8  

NF1E 

(PS/QDs/PMMA latex/PVA) 
QD600 8.07x10-4 42.5 57.5  

Blank B2E 

(PS/PMMA latex/PEO) 
- - 68.6  31.4 

NF2 

(PS/QDs/PMMA latex/PEO) 
QD600 72.5x10-4 70.4  29.6 

NF2E 

(PS/QDs/PMMA latex/PEO) 
QD600 13.4x10-4 68.6  31.4 
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Morphological analysis of the produced nanofibers 

Figure 2 shows SEM images for samples NF1 and Figure 3 for NF2, of the cross-linked QDs latex 

nanofibers obtained by electrospinning. In both cases, good quality nanofibers with a continuous phase 

of PVA (NF1) or PEO (NF2) and no defects, bed or solvent excess, were observed. Figure 2 displays 

the morphology of the nanofibers at different magnifications. The average diameter of the fibers is in 

the range of 200-250 nm and the surface of the fibers is not flat but wavy. The size of the fibers indicates 

that a single polymer particle (average diameter of 135 nm) could fit in them. 

  
 

Figure 2. SEM micrographs of sample NF1 (Core-shell PS/ CdSe/ZnS/PMMA latex /PVA). 

Figure 3 shows the SEM micrographs of the nanofibers corresponding to sample NF2 at different 

magnifications. Continuous fibers of diameters in general in the range of 250-300 nm were obtained. 

Regarding the surface of the nanofibers, it is not completely smooth but bumpy. Due to the low 

magnification of the micrographs, QDs cannot be identified. 
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Figure 3. SEM micrographs of sample NF2 (Core-shell PS/CdSe/ZnS/PMMA latex /PEO). 

In order to determine more accurately the morphology of the nanofibers and the localization of the 

quantum dots, transmission electron microscopy was used, and the images are presented in Figure 4 

(NF1). The images confirm that the nanofibers´ surface is not smooth. Indeed, it is bumpy and TEM 

clearly shows that there is a single polymer particle along the thickness of the fiber, which is seen darker 

in the micrographs because of the higher contrast of the PS phase of the nanoparticles. Interestingly, the 

cross-linked particles appeared in some cases elongated or partially deformed in the direction of fiber 

formation. As the concentration of QDs was low in dispersion NF1 (0.5 QD/particle; namely not all the 

particles have one QD30,31), visualizing the QDs was not easy. Figure 4c presents a fiber section 

composed by three polymer particles, one of them clearly presenting a QD.  

  

a) b) 
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Figure 4. TEM micrographs of sample NF1. 

Concerning sample NF2, the morphology was completely different. In this case, and as it can be seen in 

Figure 5 (left), a discontinuous distribution of the polymer particles in the nanofibers occurred. Dark 

areas corresponding to the polymer particles were mixed with lighter areas corresponding to the PEO 

nanofiber. Moreover, focusing on these dark areas aggregation of the polymer particles was observed 

(Figure 5 right). Contrary to the deformation of the polymer particles observed for sample NF1, in this 

case most of them maintained their spherical morphology during the electrospinning process.  

  

Figure 5. TEM micrographs of sample NF2. 

The different morphologies observed for sample NF2 are likely related to the lower compatibility of the 

PEO with the PMMA shell of the nanoparticles, that led to phase separation during the electrospinning 

process32. 

 

c) 

b) a) 
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Fluorescence study of the produced nanofibers 

The optical properties (fluorescence emission) of the nanofibers was analyzed in order to ensure that the 

properties of the QDs were not damaged during the electrospinning process. Figure 6 presents the 

fluorescence emission of the NF1E and NF2E nanofibers during time and the fluorescence spectrum of 

the pure QDs is presented in the Supporting Information. It can be seen that the nanofibers are 

fluorescent and their fluorescence is stable over long periods of time, which makes them good candidates 

for sensing devices. 

 

 

3,00E+06

3,20E+06

3,40E+06

3,60E+06

3,80E+06

4,00E+06

4,20E+06

4,40E+06

540 560 580 600 620 640 660

In
te

n
si

ty
 (

C
P

S
)

Wavelength (nm)

Day 0

Day 7

Day 8

Day 9

Day 12

6,50E+06

6,70E+06

6,90E+06

7,10E+06

7,30E+06

7,50E+06

7,70E+06

7,90E+06

8,10E+06

540 560 580 600 620 640 660

In
te

n
si

ty
 (

C
P

S
)

Wavelength (nm)

Day 0

Day 8

Day 9

Day 10

Day 13



13 
 

Figure 6. Fluorescence emission spectra of the nanofibers containing PVA (NF1E) (top) and PEO (NF2E) 

(bottom).  

 

Electrical characterization of the QDs hybrid nanofibers 

A.- Electrical characterization. 

Four samples (the two blanks, NF1E and NF2E) were manufactured by electrospinning and deposited 

in IDE electrodes for their electrical properties characterization near room temperature and humidity, at 

23 ºC and 50%. The resistance of the NFs deposited into the IDE was measured by a MY-63 digital 

multimeter from UV&A. The composition of electrospun nanofibers is shown in Table 1.  

The electrical properties of the sample NF2E results in the range of few kOhms; very suitable value for 

our gas characterization setup of resistivity sensors, R0 (NF2E) = 1.90 k. Samples B1E, B2E and NF1E 

showed resistances higher than 200 MOhms, limit of the multimeter used for the electrical behaviour 

characterization. Future electrical analysis will be performed on these samples by more sensitive 

electrical measurement setup. The results are consistent with the conductivity properties of the water-

soluble polymers and polymer latex used for the nanofibers preparation and the QDs contents (Table 2). 

In other words, the higher conductivity of PEO combined with the higher QDs contents, see Table 1, 

makes sample NF2E to be more sensitive than the others. In addition to this compositional effect, the 

morphology of the nanofiber can play a role. As displayed in TEM images, Figure 4 for NF1 and Figure 

5 for NF2, the latex nanoparticles distribution in PVA or PEO nanofibers are pretty different. The core-

shell PS/CdSe/ZnS/PMMA nanoparticles in PVA nanofibers show good alignment and lack of 

aggregation. The hybrid nanoparticles form a core-shell like nanofiber similar to those obtained by co-

electrospinning, with an inner section composed by the hybrid nanoparticle and a shell of PVA. This 

configuration allows less proton or electrons exchange between the nanofiber and Pt band of the 

interdigitated electrode. In the PEO nanofibers due to a higher content of hybrid PS/QD/PMMA 

nanoparticles and lower affinity between PEO and PMMA shell (of the core-shell PS/CdSe/ZnS/PMMA 

particles) aggregation of the hybrid nanoparticles occurs as shown in Figure 5. This phenomenon could 

increase the protons or electrons exchange between electrospun nanofibers and Pt band of the IDE 

electrode resulting in less resistant specimens. 
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Table 2. Conductivity properties of the used polymers. 

Polymer Conductivity (Sm-1) Reference  

PVA 1.05x10-9 33 

PEO 1x10-8 34 

PS 6.7x10-14 35 

PMMA 1x10-16 36 

B.- Organic gas sensing properties. 

The NF2E specimen, PS/CdSe/ZnS/PMMA:PEO, with resistivity of 1.9 k was tested under controlled 

conditions and controlled atmosphere, in custom-made instrumental setup gas chamber. Before gas 

exposure, sensor stability was evaluated (Figure 7). After the good stability of the electrical properties 

of the QDs latex: PEO sensor, NF2E specimen was tested with vapours of three volatile organic 

compounds: tetrahydrofuran (THF), acetone and methanol with a carrier of synthetic air at 296 K. The 

gas exposure cycle and the resistivity measurement cycle is shown in Figure 8. The sensor was under 

constant temperature during all the experiments, 296 K, by the use of an auxiliary thermal bath to avoid 

thermal influence during the electrical properties measurements. 

 

Figure 7. Resistance stability under synthetic air exposure of sensor NF2E. 
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Figure 8. Sensor response cycle. 

The normalized response magnitude ΔR is defined as shown in Eq. (1): 

∆𝑹 =
(𝑹𝒈𝒂𝒔−𝑹𝒂𝒊𝒓)

𝑹𝒂𝒊𝒓
∙ 𝟏𝟎𝟎 Eq. (1) 

Figure 9 presents the calibration curve of NF2E sensor when it was exposed to subsequent acetone 

concentrations from 1,000 ppm to 100,000 ppm. Due to the small resistivity changes exhibited by the 

NF2E sensor, two different VOCs were selected as target gas to expose the sensor; the first one, a less 

polar solvent as the tetrahydrofuran, THF. And, the second, methanol due to its higher polarity and the 

extended presence in paints and resins. The ΔR evolution of the sensor to 100,000 ppm of the three 

solvents is shown in Figure 10. 

 

Figure 9. NF2E gas sensor behavior under different acetone concentrations. 
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Figure 10. NF2E gas sensor behavior under 100,000 ppm of (A) acetone, (B) methanol and (C) THF 

concentration. 

The PS/CdSe/ZnS/PMMA: PEO nanofibers sensor (NF2E) displays good affinity to THF vapours 

compared with more polar VOCs as acetone and methanol (Figure 11). The vapour exposure to all three 

solvents is reversible (two cycles were tested) and increase upon exposure to increased concentrations 

of gas. The recovery of the electrical signal of the sensors was near 100% in all the experiments. 

Therefore the use of hybrid polymer / CdSe/ZnS / PEO nanofibers as resistive or conductometric gas 

sensor has been successfully demonstrated. The sensitivity shown by the hybrid nanofibers containing 

very small amount of CdSe/ZnS quantum dots opens the possibility to develop highly sensitive and 

selective candidates for electro-optical sensors developments. 

 

 

Figure 11. Response magnitude of NF2E sensor to 100,000 ppm of selected gases. 
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Conclusions 

The potential application of the hybrid PS/QD/PMMA dispersions for the fabrication of VOCs sensor 

was investigated. Hybrid nanofibers with different types and concentration of QDs were produced by 

electrospinning. For this, the appropriate amounts of water-soluble polymer (PVA or PEO) to be added 

to the PS/QD/PMMA dispersions were optimized to obtain homogeneous and fluorescent nanofibers. 

In the nanofibers produced with PVA the hybrid particles were well distributed in the fiber and partially 

deformed during the electrospinning process, while in the nanofibers produced with PEO, aggregation 

of the hybrid polymer particles was observed.  

The nanofibers presented the same fluorescence emission as the hybrid nanoparticles and furthermore 

the fluorescence was stable over time making them good candidates for sensing devices. 

The sensing capacity of the nanofibers was assessed by analyzing their electrical sensitivity to different 

VOCs; acetone, methanol and THF. The most sensitive nanofibers resulted from those produced with 

PEO and the hybrid latex with the highest QD concentration and the less polar VOC, THF.  

These are preliminary results to prove that the hybrid PS/QD/PMMA dispersions are good candidates 

to be used as optical and electrical sensors for VOC detection. Further work is needed to analyze their 

use as optical sensors.  
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