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6.1 Conclusion

Quantum dots of ZnO, SnO, and Fe, O3 have been synthesized by quenching

151 ysing various techniques viz UV/

method followed by their characterizations
Vis spectroscopy, XRD and HRTEM. From the blue shift of UV/VIS spectroscopy,
using hyperbolic band model approximate quantum dot size has been estimated
while from XRD the crystalline structures as well as the sizes of quantum dots have
been obtained. HRTEM provides the pictorial views of quantum dots along with
their sizes and shapes. The sizes of ZnO/PVA, ZnO/PVP, SnO,/PVP and
Fe,O3/PVP quantum dots are 12nm, 10nm,13nm and 14nm respectively and these
are elliptical /circular in shape. However, it has been observed that quantum dots
on PVA matrix is less stable for six months or so while quantum dots on PVP matrix

are stable for 2 years or so. The characterizations are summarized in the following

table.

Data From Characterization

Type of UV-VIS XRD | HRTEM | Average Size | Shape of | Structure
Quantum | spectroscopy | Study Study of Quantum | Quantum

dots Sample Study dots dots
ZnO/PVA 12nm I1nm 11nm Within 12 nm | elliptical | wurtzite
ZnO/PVP 10 nm 9nm 10nm | Within 10 nm| Circular | wurtzite

SnO,/PVP 13 nm 12 nm 12 nm Within 13 nm| Circular Rutile

Fe,O;/PVP 15 nm 14 nm I5nm | Within 15 nm| Circular | wurtzite

Table 6.1: Data from characterizations
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Further, the prepared quantum dots have been tested for their applications for

sensing reducing gases namely acetone, ethanol and methanol and following

information has been obtained from the studies:

1.

PVA embedded ZnO quantum dots'™® has lower acetone sensitivity in
compare to PVP embedded ZnO quantum dots. But both the response time
and recovery time are large in case of ZnO quantum dots embedded in PVP
in comparison to that in PVA .

ZnO quantum dot acetone sensor'” has higher sensitivity in compare to
Fe,O; quantum dot acetone sensor but it is comparable with that of SnO,
quantum dots Further ZnO quantum dots are very sensitive to acetone even
at lower concentration e.g 100 ppm.

Response time and recovery time is less in case of SnO, quantum dot
acetone sensor in compare to that of ZnO and Fe,O; quantum dot acetone
Sensor .

SnO; quantum dots ethanol sensor'! has higher sensitivity, in comparison to
that of ZnO and Fe,03 quantum dots ethanol sensors™ ..But ZnO quantum
dots ethanol sensor has less response and recovery time in comparison to
Sn0O, and Fe,O3; quantum dots ethanol sensors

Furthermore, SnO, quantum dots methanol sensor has higher sensitivity, less
response and recovery time in compare to ZnO and Fe,Os; quantum dot

methanol sensor >,

The sensing properties of quantum dots towards different reducing gas/vapors are

summarized in the following tables.
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6.2. Future research direction

The present work is an attempt to study sensing properties of three semiconductor

quantum dots for three reducing gases. In this study, only quenching technique has

been adopted for quantum dot synthesis on two non-conducting matrices Therefore,

the present work may be extended in the following directions.

1)

2)

3)

4).

Synthesis of quantum dot using conducting matrix: Quantum
dots”'®" may be synthesized by using conducting matrix e.g
NAFION 117. In this case conducting matrix may replace the
insulating matrix between any two quantum dots and the electrons
from one quantum dot to another may drift faster through the
conducting matrix which may result better sensing efficiency, small

response and recovery time.

Synthesis of quantum dots without matrix: Quantum dots''¥ m

ay
be synthesized without using any kind of matrix by controlling PH,
stirring rate, and temperature during synthesis. In that case, free

standing quantum dots may be obtained and thus effect of matrix may

be nullified.

Synthesis of quantum dot by electro deposition technique:
Quantum dot synthesis may be done by using electrodepositing!'*!
technique: Though the method is little costly, but quantum dots of

better shape and smaller size may be obtained by this technique.

Quantum dots of better Stability: Quantum dots embedded in PVP

matrix is stable for 2 years or so. After that they agglomerate

122



resulting in property deterioration. To increase the stability, silica!'"!

may be coated around the quantum dots as shield which may prevent

them from agglomeration.

5) Gas sensing at low temperature: Gas sensing at low temperaturem]

(room temperature) is an important issue till date. Low temperature
gas sensing may be an important future direction of the present work.
6) Oxidizing gas sensing: It is very important to sense the oxidizing

[15]

gases' ' also. The present work may be extended to sense these

gases.
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