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Abstract: The formaldehyde-assisted hydrothermal system is used to synthesize CeO, nanorods by using precursor like cerium
chloride. Concentration of precursors and hydrothermal temperature affects the morphologies of these one-dimensional (1D)
CeO, Nanomaterial’s. This is achieved to control the reaction degree of Cannizzaro disproportionation tuned by Na/Ce molar
ratio. The XRD, FESEM, FTIR and TEM these characterization techniques have been used to characterize the crystal structure
and morphology of the as-synthesized CeO,. Humidity sensing characteristics such as hysteresis, repeatability, impedance-
relative humidity (RH) characteristics, response and recovery behavior, and stability of CeO, nanostructure have been
investigated in detail for given precursor. The sensor showed rapid response and recovery, prominent stability, high humidity
sensitivity, good repeatability and narrow hysteresis loop i.e. suitable candidate for the fabrication of the humidity sensors.
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L. INTRODUCTION
One-dimensional (1D) nanostructured materials such as nanowires, nanotubes, nanorods and nanobelts offer opportunities for
fundamental research concerning the influence of size and dimensionality of a material on its physical and chemical properties.[1-
3]. Cerium oxide (CeQ,) is a technologically important rare earth material because of its wide range applications as oxygen sensors
[10], polishing agents [7], fuel cells [9], catalysts [8], and UV blockers [11]. Indirect synthetic pathway of 1D CeO, Nanorods
results in increasing complexities and difficulties in the design and synthesis of their desired morphologies [12]. Formaldehyde, may
used as an organic chemical, because of its rich abilities in synthetic reactions. [12-15] the Cannizzaro disproportionation reaction
occurs immediately, when formaldehyde solution is mixed with strong alkali under the heated conditions in presence of the
aldehyde group according to eq" (1) and the formate is produced simultaneously.[12]
2HCHO +OH™ =HCOO " + CH3;0H (1)
HCHO + HCOO2 + OH = CO5*" + CH;0H 2
According to the cross disproportionation reaction, the aldehyde groups presented at formate can further react with formaldehyde to
produce carbonate under superfluous alkali conditions (eq" (2)). We can convert, formaldehyde into formate or/and carbonate by
controlling the reaction conditions. The formate and carbonate are the great precursors for the synthesis of 1D CeO, Nanorods.[16-
18] we can synthesize 1D precursors by controlling the reaction degree of the Cannizzaro disproportionation reaction. We can also
state that formaldehyde solution is the most efficient solvent to synthesize 1D CeO, precursors among all attempted solvents such as
acetaldehyde, isopropyl alcohol, ethanol, glyoxal, ethylene glycol, acetone,[15] etc

1. EXPERIMENTAL
A. Preparation of 1D CeO2 nanorods
1.0 g of CeCl; was dissolved in 100 ml formalin solution at room temperature and then 2.1 gm of potassium hydroxide was slowly
added to the solution and the whole solution was placed on magnetic stirrer for uniform mixing [5]. Then the solution was kept into
a 200 ml Teflon-lined stainless autoclave and heated at 120°C temperature for 20 hrs. The solution then cooled to room temperature,
the precipitates were filtered, washed with double distilled water in several time and dried at 60°C for 12 hrs [7]. The dried powders
were calcinated to 400°C for 2 hrs. The light yellow powder was obtained.

B. Preparation of Sensors Electrode

In present work the sensor consisting of CeO, nanorods layer coated on the top of an interdigitated electrode (IDE) was fabricated
[10-13]. The IDE consists of five pairs of Cu tracks screen printed onto epoxy glass substrate (25 mm x 20 mm)[4]. The IDE-epoxy
glass substrates were cleaned by an ultrasonic treatment in acetone and then rinsed with double-distilled water and dried in
vacuum[17]. The powder of CeO, nanorods was mixed with double-distilled water in a weight ratio of 100: 25 to form a paste. The
electrodes were used to evaluate the humidity sensing characteristics [14].
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1. RESULTS AND DISCUSSION
A. Characterization of CeO, nanorods.
The XRD pattern of the CeO, nanorods as-synthesized by cerium chloride after calcinated at 400°C is depicted in Fig.1(a). All the
diffraction peaks in the XRD pattern of CeO, are exactly matched with JCPDS file (JCPDS No.: 00-057-0401), indicating the
formation of face centered cubic CeO, nanorods, No impurities were present and pure CeO, nanorods are obtained[16-18]. The
average crystallite size of the CeO, nanorods from XRD graph was found to be in the range of 10-17 nm.
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Fig.1 : XRD of CeO2 nanorods

The FTIR spectrum of the CeO, nanorod synthesized by cerium chloride [Fig.2(a) and Fig.2(b)] shows the bands around 451 and
853 cm™ corresponding to a stretching vibrations characteristic of Ce-O. The bands around 1064 and 1327 cm™ shows to the
characteristic vibrations of CeO,. The stretching vibrational mode of the O-H group bonded to the Ce atom i.e. Ce-OH is given by
band at ~ 3410 cm™. There is no distinction between FTIR of commercial and our obtained CeO, powders [18].

120

100 —H

80

60

Transmission (%)

40 4

20 T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Fig.2 : FTIR of CeO,
The field emission scanning electron microscopy (FESEM) and transmission electron microscopy (TEM) were used to characterize
the morphology and size of the CeO, nanorods [1-3]. The FESEM images of as-synthesized CeO, product by formaldehyde-assisted
hydrothermal system using cerium chloride, indicate that the 1D Nanomaterial’s of CeO, nanorods with typically 300-500 nm in
thickness, 8 -12 um in length.

Fig.3: (a) FESEM imag of zed CeO, nanorods precursor using cerium chloride and (b) CeO, nanorods after

calcinations
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The TEM images shows CeO, nanorods structure with 494.92 to 1057.29 nm in thickness and 1065.02 to 4736.14 nm in length.
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Fig.4 : (a) TEM images of as-synthesized CeO, nanorods precursor using cerium chloride (b) CeO, nanorods after calcinations

B. Humidity Sensing Measurements.

Different RH levels were generated by the different saturated salt solutions in air tight closed glass bottles at room temperature [3].
The six different standard saturated aqueous salt solutions of LiCl (11+0.30 %RH), MgCl; (33£0.14 %RH), K,CO; (43£0.20 %RH),
NaCl (75+0.15 %RH), KCI (85+0.24 %RH) and K,SO, (97+0.16 %RH) were used to act as humidity source [18]. The sensing
element was placed successively into the bottles with different RH levels at room temperature and the impedance of the sensor was
measured as a function of RH at 27 oC (x 1 oC). The frequency range was varied between 60 Hz to 1 kHz for 1V applied voltage
[14]. A humidity probe was also placed into the bottles along with the sensing element to monitor the RH during the measurement
[4]. The response and recovery times were measured by switching the sensors back and forth between two closed bottles with RH
values of 11% and 97% RH respectively [12]. The hysteresis was measured by switching the sensor between the closed bottles with

11%, 33%, 43%, 75%, 85% and 97% RH and then transferred back.
9
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Fig.5: Variations in impedance of CeO2 nanorods based humidity sensor with change in RH (%) measured at various frequencies
and 1 V. Inset depicts linear fit to the Impedance-RH curve measured at 60 Hz to 10 kHz and 1 V. calcinated 3000C
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The linear frequency response was observed at relatively low measurement frequency i.e. at 60 Hz [10]. The impedance of the
sensor changes by three orders of magnitude from 3.3 x 10° to 4.7 x 10% Q as RH increases from 11% to 97%.
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Fig.6 : (a) and (b) Dependence of response on RH and frequency for CeO, nanorods based sensor, (c) and (d) Humidity hysteresis
and (e) Dynamic response of the sensor when exposed to six high (90% RH) —low (10% RH) — high (90% RH) cycles. The inset
shows the response and recovery characteristics, (f) Stability of the sensor measured at 11, 43 and 97 % RH.
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The dynamic response of the CeO2 nanoparticles based sensor to rapid variations in the RH values of 11% and 97% is shown in Fig.
6(a). The sensor was switched back and forth between two closed bottles with RH values of 11% and 97%, respectively [17]. The
response time (humidification from 11% RH to 97% RH) was 2-3 s and the recovery time (desiccation from 97% RH to 11% RH)
was 9-10 s, respectively (see inset in Fig.6 (e)), demonstrating that the present sensor rapidly responds to the ambient RH [10]. The
maximum absolute value of humidity hysteresis error yH is found to be ~1% in the range of 11-97% RH indicating a good reliability
of the sensor in fig 6(c). The stability is an important parameter of humidity-sensing properties [9]. In the period of 30 days the
sensor was tested repeatedly once in five days under fixed humidity levels (11%, 43% and 97% RH). The impedance variation
(Fig.6(f)) is less than 2% at each humidity region for one month at 60 Hz, which shows that the impedance of the sensor fluctuates
slightly with time and the data show good consistency [17].

V. CONCLUSIONS

CeO, nanorods were successfully synthesized at low cost by using a simple hydrothermal method. The XRD results reveal the
formation of face centered cubic phase of CeO, nanorods with good crystallinity and the crystalline size ranging in 10 -16 nm.The
TEM images shows CeO, nanorods structure with 494.92 to 1057.29 nm in thickness and 1065.02 to 4736.14 nm in length.The
FTIR bands around 1052 and 1385 cm™ show to the characteristic vibrations of CeO, FESEM shows CeO, Nanorods of 300-500
nm in thickness, 8 -12 um in length.The CeO, Nanorods exhibit excellent humidity sensing characteristics such as higher response,
fast response time (~ 2-3 s), rapid recovery (~ 9-10 s), hysteresis within 1.0%, excellent reproducibility and broad range of operation
(11-97% RH). It was demonstrated that the CeO, Nanorods can be used as reusable sensing material for the fabrication of humidity
Sensors.

REFERENCES

[1] Huang Y, Duan X F, Wei Q Q and Lieber C M (2001) Directed Assembly of One-Dimensional Nanostructures into Functional Networks, Science 291(5504).
630-633

[2] PanZ W, Dai Z R and Wang Z L (2001) Nanobelts of semiconducting oxides, Science. Mar 9;291(5510):1947-49. doi: 10.1126/science.1058120..

[3] Gates B, Mayers B, Cattle B and Xia Y N (2002) Synthesis and Characterization of Uniform Nanowires of Trigonal Selenium,Adv. Funct. Mater. Volume
12,Issue 03, 219-227

[4] Y. Xia, P. Yang, Y. Sun, Y. Wu, B.Mayers, B. Gates, Y. Yin, F. Kim and H. Yan, (2003) One-Dimensional Nanostructures: Synthesis, Characterization, and
Applications, Adv. Mater., VVolume 15,Issue 05, 353—-389.

[5] Jia Grace Lu, Paichun Chang and Zhiyong Fan,(2006) Quasi-one-dimensional metal oxide materials—Synthesis, properties and applications Mater. Sci. Eng.,
R, Volume 52, issue 1-3, 49-91.

[6] Jie, J., Zhang, W., Bello, I, Lee, C. S., & Lee, S. T. (2010). One-dimensional 11-VI nanostructures: synthesis, properties and optoelectronic applications. Nano
today, 5(4), 313-336.

[71 T.Hoshino, Y. Kurata, Y. Terasaki and K. Susa, Mechanism of polishing of SiO, films by CeO; particles (2001), J. Non-Cryst. Solids 283, 129-136.

[8] M. Lunderg, B. Skaerman, F. Cesar, L. R. Wallenberg, (2002) Mesoporous thin films of high-surface-area crystalline cerium dioxide, Microporous
Mesoporous Mater. 54, 97-103.

[9] J.P. Nair, E. Wachtel, I. Lubomirsky, J. Fleig and J. Maier, (2003) Anomalous Expansion of CeO, Nanocrystalline Membranes, Adv. Mater. 15, 2077-2081.

[10] P.Jasinski, T. Suzuki and H. U. Anderson, (2003) Nanocrystalline undoped ceria oxygen sensor, Sens. Actuators B, 95, 73-77.

[11] Y. Zhang, R. Si, C. Liao and C. Yan, (2003) Facile alcohothermal synthesis, size-dependent ultraviolet absorption and enhanced CO conversion activity of ceria
nanocrystals, J. Phys. Chem. B, 107, 10159-10167

[12] Rao, R., Zhang, Q., Liu, H., Yang, M., Ling, Q., & Zhang, A. (2012). Formaldehyde-assisted hydrothermal synthesis of one-dimensional CeO, and their
morphology-dependent properties. CrystEngComm, 14(18), 5929-5936.

[13] Kopetzki, D., & Antonietti, M. (2011). Hydrothermal formose reaction. New Journal of Chemistry, 35(9), 1787-1794.

[14] Osada, M., Watanabe, M., Sue, K., Adschiri, T., & Arai, K. (2004). Water density dependence of formaldehyde reaction in supercritical water. The Journal of
supercritical fluids, 28(2-3), 219-224.

[15] Wakai, C., Morooka, S., Matubayasi, N., & Nakahara, M. (2004). Carbon—carbon bond formation in glycolic acid generated spontaneously from
dichloromethane in hot water. Chemistry letters, 33(3), 302-303.

[16] Ho, C., Yu, J. C., Kwong, T., Mak, A. C., & Lai, S. (2005). Morphology-controllable synthesis of mesoporous CeO, nano-and microstructures. Chemistry of
Materials, 17(17), 4514-4522.

[17] Guo, Z., Du, F., Li, G., & Cui, Z. (2008). Synthesis of single-crystalline CeCO;OH with shuttle morphology and their thermal conversion to CeO,. Crystal
Growth and Design, 8(8), 2674-2677.

[18] Wei,J., Yang, Z., Yang, H., Sun, T., & Yang, Y. (2011). A mild solution strategy for the synthesis of mesoporous CeO, nanoflowers derived from Ce (HCOO)
3. CrystEngComm, 13(15), 4950-4955.

©NRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 3496



d lIsRA

ef n\m
cross’ COPERNICUS

10.22214/1JRASET 45,98 IMPACT FACTOR: IMPACT FACTOR:
7.129 7.429

INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGY

Call : 08813907089 (V) (24*7 Support on Whatsapp)




