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Abstract 
 
We prepare of ZnO quantum dots embedded in polyvinylpyrrolidone (PVP) matrix and report it’s working as 
ethanol sensor. The samples have been prepared via quenching technique where bulk ZnO powder is cal- 
cined at very high temperature of 1200˚C and then quenched into ice cold polyvinylpyrrolidone solution. 
Thee acteiut the samples specimen have been characterized by using UV/VIS spectroscopy, X-ray diffract- 
tion study and high resolution transmission electron microscopy (HRTEM). These studies indicate the sizes 
of quantum dots to be within 10 nm. The prepared quantum dot samples have been examined for ethanol 
vapour sensing by exploring the variation of their resistance with time at different operating temperatures. It 
has been revealed that ZnO quantum dots can sense ethanol at low operating (230˚C) temperature with less 
response time. 
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1. Introduction 
 
Synthesis of semiconductor quantum dots and their dif- 
ferent applications as various electronic and optoelec- 
tronic devices including different kinds of sensors are the 
frontier research areas at present [1-6]. Recently, many 
techniques [1-4] like molecular beam epitaxy (MBE), 
radio frequency sputtering (RF), liquid phase epitaxy 
(LPE), quenching etc. have been adopted to synthesize 
semiconductor quantum dots. But due to manifold ad- 
vantages [3,6] viz. like simplicity, low cost, etc. quench- 
ing method draws the interest of recent researchers. In 
the present investigation, we discuss preparation of ZnO 
quantum dots on polyvinylpyrrolidone (PVP) matrix 
(which embeds the quantum dots) by quenching method 
and their ethanol vapour sensing behaviour which is a 
new and original work. The advantage of PVP over other 
polymer matrices viz. SBR latex matrix is that circular 
and uniformed quantum dots can be fabricated on PVP. 
The Prepared samples have been examined by different 
characterizing methods to reveal their nano natures [2]. 
These studies infer the formation of quantum dots within 
the dimension of 10 nm. Next, ethanol sensing property 
of ZnO sample (i.e. ZnO quantum dots embedded in PVP) 
has been examined by exploring the variation of sample 

resistance with time in presence of ethanol vapour [7]. 
Vapour sensing property of semiconductor is purely a 
surface phenomenon [7-19]. That is why low dimen- 
sional specimen possessing large surface area are suit- 
able for this purpose. Earlier, gas sensing of ZnO micro- 
structure has been reported where the sensing starts at 
300˚C [13]. In earlier works, it has been revealed that 
ethanol sensitivityin in semiconductor microstructures 
increases with higher doping concentration of impurity 
like cobalt [17, 19]. In the present work, it has been ex- 
perimentally observed that undoped ZnO quantum dots 
embedded in PVP matrix can act as ethanol sensor with 
lower operating temperature (230˚C), with less response 
and recovery time. Thus, testing of ZnO quantum dots 
for ethanol sensing, which has not been focused in any 
report earlier, is interesting, and technically very impor- 
tant. 
 
2. Materials and Method 
 
To synthesize [3] ZnO quantum dots by quenching 
method, 3 gms of ZnO powder (99.99% pure, E Merck) is 
calcined at ~ 1200˚C for 10 hours and then quenched into 
4 wt% aqueous solution of polyvinylpyrrolidone (PVP) 
matrix (99.9% pure, E Merck) kept at ice cold tempera- 
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ture followed by its moderate stirring (~ 175 rpm) for 30 
minutes. This solution contains ZnO quantum dots em- 
bedded in polyvinylpyrrolidone. The film is developed 
on the laboratory glass slides by placing a few drops of 
ZnO quantum dot solution (embedded in PVP) on a clean 
slide and stretching over it by another clean slide. 
 
3.1. Result and Discussion 
 
ZnO specimen has been characterized by UV/VIS optical 
absorption spectroscopy (Perkin Elmer Lamda 35 1.24), 
X-ray diffraction study (Bruker AXS, X-ray source: Cu 
Kα) and high resolution transmission electron micros- 
copy (HRTEM) (JEM 1000 C XII). Optical absorption 
spectroscopy [6] shows sharp blue shifted absorption 
edge of the prepared samples with respect to that of bulk 
(Figure 1). Blue shift is a distinct signature of quantum 
dot formation [1,3,4] (Figure 1). By considering shifted 
absorption edge (at 210 nm) of ZnO sample, average 
crystallite (particle) size has been estimated and found to 
be 10 nm by using the following hyperbolic band model 
[5]. 
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where R is quantum dot radius (2R is the diameter and 
hence the particle size), Egb is the bulk band gap, Egn is 
quantum dot band gap (calculated from the sharp absorp- 
tion edge which is 210 nm as shown in Figure 2), h is 
Planck’s constant, m* is effective mass (29.15 × 10–31 kg 
for ZnO). 

Similarly, from X-ray diffraction study (Figure 2) av- 
erage particle size (crystallite size) is calculated by using 

Debye-Scherrer formula [2] 
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Figure 2. XRD Spectra of ZnO quantum dots. 
 
length of X-ray (0.1541 nm), “W” is FWHM (full width at 
half maxima), “” (theta) is the glancing angle and “D” is 
particle diameter (crystallite size). Considering all the 
peaks [3] (2 in degree) in the X-ray diffractogram, the 
average crystallite (quantum dot) size has been assessed 
and found to be 9 nm. Further, by analyzing the X-ray 
diffractogram with the help of ICDD (International Cen- 
ter Diffraction Data), it has been revealed that ZnO 
quantum dots are “wurtzite” in structure. HRTEM im- 
ages of PVP film (Figure 3(a)) and ZnO quantum dots 
(Figure 3(b)) are shown in Figure 3. It is evident in the 
HRTEM image (Figure 3(b)) that ZnO crystallites 
(quantum dots) are circular in shape with sizes within 10 
nm. Figure 3(c) shows the Scanning Electron Micro- 
scope (SEM) image of ZnO quantum dot surface. 

ZnO sample sizes assessed from these three studies are 
well matching, which is a distinct advantage over earlier 
reports [2,3]. This matching occurs due to the formation 
of well uniformed and circular shaped quantum dots by 
using PVP matrix instead of PVA (polyvinyl alcohol) 
matrix [3]. All these characterizations infer that ZnO 
quantum dot sizes (diameter) are within 10 nm. 

 

 
3.2. Ethanol Sensing 
 
To test ethanol sensing, ZnO sample is mounted on a 
two-probe assembly placed in sample holder into a silica 
tube which is inserted coaxially inside a tubular furnace. 
The furnace temperature is controlled within ±1˚C and 
the temperature variation over the length of the sample is 
found to be within ~ ±1˚C. A known volume (parts per 
million, in short “ppm”) of ethanol is put with the help of 
a micro syringe into the closed silica tube. The electrical 
resistance of the sample is measured before and after 
exposure to ethanol using a Keithley System Electrome- 
ter (Model: 6514). The sensing response of ZnO quanum 
dots is determined at different operating temperatures in 
the range 220˚C - 360˚C to various concentrations of  Figure 1. UV/VIS absorption spectra. (a) Q.D; (b) bilk. 
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(a)                            (b)                                (c) 

Figure 3. (a) HRTEM images of PVP; (b) HRTEM image of ZnO Q.D embedded in PVP; (c) SEM images of ZnO Q.D em- 
bedded in PVP. 
 
ethanol [9,10]. 

To study sensing [7-18], at first, ZnO quantum dot 
sample is heated in a chamber in air in the absence of test 
vapour when atmospheric oxygen is adsorbed chemically 
[18] on ZnO (as it is of n type specimen) surface. The 
adsorbed oxygen forms ionic species such as 2O  , 2O  
and O– by the following reaction kinematics [18]. 

2 2O (gas) O (ads)                        (2) 

2O (ads) e O (ads)   2





                   (3) 

2O (ads) e 2O (ads)   
2

                 (4) 

The formation of  species is also possible as fol-
lows  

O

2O (ads) e O                (5) 

These oxygen species desorbs upon exposure to ethanol 
vapour and results in decrease of ZnO quantum dot re- 
sistance [8,9] as ethanol is reducing in nature. The de- 
sorption process occurs in one of the following ways 
depending on operating temperature [18]: 

The reaction between ethanol vapour and ionic oxy- 
gen species can take place as follows [12,19]. 

2 5 3 2C H OH (gas) e CH COH + H O e    

It is clear that ethanol reacts with chemi-adsorbed oxy- 
gen in ZnO quatum dot surface, inject charge carrier ( e ) 
to ZnO specimen and thereby reducing the sensor resis-
tance. Thus, the “response” [7,8] may be defined as 

   100 %a g aR R R  

 , where, Ra is the ZnO quan-  

tum dot resistance in air and Rg is the resistance upon 
exposure to ethanol. When the vapour is released by 
opening the enclosure of the sensing chamber, the re- 
verse process takes place and ZnO quantum dot resis- 
tance regains its original value. Adsorption and desorp- 
tion causing changes in sample resistance (that is gas 
sensing property) are absolutely surface phenomena 

[7,8,18]. Due to large surface area (S/V ratio) [5,13] of 
quantum dot, adsorption and desorption occur very fast 
resulting in sharp and fast changes in the resistance and 
thereby producing fast response with small changes in 
pre-heating temperature or concentration of vapour 
(ethanol). 

Though there is no connection among the ZnO parti- 
cles (Figure 3(b)) the charge carriers (that is electrons) 
can tunnel from one dot to another through the insulating 
PVP matrix of thickness around 9 nm [4].  

While measuring ethanol response, at high tempera- 
ture (at 250˚C and above), PVP matrix (embedding ZnO 
quantum dots) tends to destroy (due to burning) but the 
electrical (i.e. sensing) property of ZnO quantum dot as- 
sembly is not at all affected [2] because charge carriers 
(electrons) can still tunnel from one dot to another dot 
through the burnt PVP layer as the layer is very thin 
(around 9 nm) as shown in Figure 4. 

Figure 5 represents the response characteristics as a 
function of operating temperatures for three different 
concentrations of 100, 300 and 500 ppm of ethanol va- 
pour. At low operating temperature around 230˚C, the 
response of ZnO quantum dot is restricted by slow 
chemical reaction while above 230˚C, the chemical reac- 
tion occurs very fast and efficiently resulting in higher  

 

 

Figure 4. SEM images of ZnO Q.D after heating at 300˚C. 
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Figure 5. Response characteristics as a function of operat-
ing temperatures for three different concentrations. 
 
response [9]. At 300˚C the response is maximum. This is 
attributed to the availability of sufficient adsorbed ionic 
species of oxygen on ZnO surface which reacts most 
effectively and rapidly with ethanol molecules at this 
particular temperature [18] and produces large numbers 
of charge carriers (e–) resulting in rapid change (decrease) 
in sample resistance and hence higher is the response.At 
temperature higher than 300˚C, the mount of adsorbed 
(chemisorbed) oxygen is decreased with increasing tem- 
perature, but change in surface coverage in chemisorbed 
oxygen becomes smaller due to increased chemisorption 
rate of oxygen gas, leading to smaller response. A de- 
crease in intrinsic sensor resistance in air (a larger elec- 
tron concentration in air) with increasing operating tem- 
perature is another reason for lower response at tem- 
peratures higher than 300˚C. Figure 6 represents the 
transient response characteristics of ZnO quantum dot to 
ethanol concentration of 100, 300 and 500 ppm at 300˚C. 
Examining the graphs, it is revealed that the response 
time (time taken to reach 90% of saturation resistance 
(Rg) on exposure to vapour) and recovery time (time 
taken to reach the 10% of the initial resistance (Ra) on 
removal of the vapour) decrease with higher concentra- 
tion. This is attributed [14] to the fact that higher concen- 
tration favors and accelerates the adsorption and desorp- 
tion of the reaction products. 
 
4. Conclusions 
 
It is observed that the response of ZnO quantum dots 
embedded on PVP matrix is maximum at 300˚C, which 
occurs due to saturation of redox reaction between the 
ethanol vapour and the adsorbed oxygen species. ZnO  

 

Figure 6. Transient response characterisctis of ZnO Q.D for 
diffrenet concentration of ethanol at 300˚C. 
 
specimen posseses response even at very low concentra- 
tion (100 ppm) of ethanol vapour. Response characteris-
tic indicates that response time of ZnO quantum dots 
ethanol sensor is very less (as evident from Figure 6) 
which is much smaller than that of ZnO thin film ethanol 
sensor [18]. 
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