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Abstract: Silicon (Si) is the major material of semiconductor element. For semiconductor element
producing, Si need to refined into high-purity silicon crystals, which has the approximate
characteristics of intrinsic semiconductor, then doping 13th group or 15th group trace element.
Producing the high-purity silicon crystals with well-lattice structure need a lot of energy and highly
cost. Besides, the high-purity silicon is very hard and fragile which limits the scope of application.
For this reason, this study added low-grade non-complete lattice silicon in the elastic polymer, and
then doped with high concentrations of fine carbon powder. This material can be conductive by
physisorption; therefore, it can be used to making semiconductors. Using this material to produce
electronic components can significantly reduce the cost of purification and crystallization, saving
energy at the same time. Moreover, because this elastic polymer materials containing silicon, which
has soft, warm, and durable physical properties. With those properties, the design of the device
could be more flex, full scalability and close to the skin.

Keywords: elastic polymer; adsorption; conductivity

1. Introduction

Conducting polymers have improved the sensitivity of a wide variety of sensors due to their
excellent electrical conductivity or the charge transfer properties [1]. Conducting polymers hold the
advantages of promise as flexible, inexpensive materials for using in electronic applications including
solar cells, light-emitting diodes, and chemiresistor-type sensors [2—4]. Therefore, a simple, scalable,
cost-effective deposition technique for conducting polymers that produces a uniform thin film
morphology reproducibly is needed [5].

In this study, the electrical characteristics of elastic silicon polymers were investigated, like
resistance temperature, conductivity etc. The results showed that elastic silicon polymers can broadly
applied to producing heating device, temperature control systems, sensors, variable resistors and
other related fields.

1.1. Absorption and Conductivity

Polymers can be deposited in a desired location on any surface, such as film, glass, and metal
[6]. After heating the elastic polymer material which doped both carbon and silicon, the low melting
point polymer will completely dissociated and evaporated, leaving high melting point carbon and
silicon particles. The quality and size of those particles are the same as before. Therefore, there is no
chemical reaction between the carbon, silicon and elastic polymers, but only physisorption.
Physisorption is causing by the pore size of carbon and the intermolecular attraction can occur in any
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kinds of material. However, the adsorptions of each material are very different. For that reason, when
carbon adsorb with different chemical composition in elastic polymers will have different resistivity.

Adsorption by porous adsorbents is a possible means of removing some of the volatile toxicants
from smoke [7]. Despite the litany of reported methods including electrostatic adsorption [8], their
limitations range from reproducibility issues and cost effectiveness to lack of scalability. Therefore, a
universal solution is needed that reliably deposits any conducting polymer film on any substrate [5].
The experimental results showed that when the elastic polymer containing silicon will significantly
reduce the resistance and thus increase the conductivity of elastic polymer.

1.2. The Characteristics of Silicon in Polymer

Organic silicon polymer is polymer containing silicon atoms in the molecular structure, usually
refers to silicones. Silicones are a polymer with table structure which alternating composed by silicon
atoms and oxygen atoms, the basic unit is —Si—O—. The silicon atoms also connect with variety of
organic functional groups, such as methyl, ethyl and phenyl etc. Those compounds are semi-organic
and semi-inorganic polymers. The oxygen plasma can promote the -OnSi (OH)4n group on the silicon
surface, which is highly dependent on the intensity of oxygen plasma and the treatment time [9].

The chemical structure of the silsesquioxane family is defined as RnSinO15n, which makes a
structure consisting of an inner inorganic framework of silicon and oxygen atoms, externally covered
by organic groups (R) [10]. R may either be hydrogen or an alkyl, alkene, aryl, and arylene group.
Based on their molecular architecture, silsesquioxanes can be classified into two main categories of
noncaged and caged nanostructure. The noncaged type silsesquioxane molecules can be further
classified into random, ladder, and partial-cage nanostructure [11]. The ladder like
polysilsesquioxanes which include poly (phenyl silsesquioxane), poly (methyl silsesquioxane), and
poly (hydrido)silsesquioxane [12-14]. The enormous importance of organosilicon compounds in both
polymer and synthetic organic chemistry provided satisfactory methods for the installation of the
dimethylsilanol unit through: (1) addition of organometallic compounds to silicon electrophiles
followed by simple or oxidative hydrolysis, (2) transition metal catalyzed hydrosilylation, and (3)
silyl insertion [15-19]. Silanols are not well known as reagents in organic synthesis but they are air
and water stable reagents that can be chromatographed on silica gel and distilled [20].

2. Materials and Methods

2.1. Elastic Silicon Polymers

Because organic silicon polymers are semi-organic and semi-inorganic polymer, they have a lot
of excellent performance, like high temperature tolerance, unaging, insulation, hydrophobia,
fireproofing, chemically inert, some silicon polymers can even resist corrosion, and electromagnetic
wave. The performance of silicon polymers is much better than others, therefore silicon polymers can
widely use in electronics, chemicals, machinery, construction, textile, transport, medicine and other
fields [21,22]. According to the above, this study produced semiconductors by doping high
concentrations of graphite into silicone polymers, hope it can widely use electronic in technology.
Here we develop this phenomenon into a solution-based method to grow films of nanostructured
conducting polymers that could facilitate their use in applications ranging from actuators to sensors
[23,24].

2.2. The Structure of Elastic Silicon Polymers

The structure of elastic silicon polymers related to the chemical bond, molecular structure and
polymer structure etc. For facilitate follow-up study, this research use scanning electron microscope
(SEM) to analyze the polymers structural and bonding structure.
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2.3. SEM Analysis

The molecular packing for polymer has major impact on its physical property. The carbon
physisorption reduces the polymer intermolecular distance and increases largely the intermolecular
attraction. Adsorptions for different doping density of polymeric rubberlike material are observed
by SEM electron, and images are shown on the Figures 1-4. Figure 1 is SEM image of silicon polymers
doping with OM graphite. Figure 2 is SEM image of silicon polymers doping with 4M graphite. Figure
3 is SEM image of silicon polymers doping with 50M graphite. Figure 4 is SEM image of polyurethane
rubber doping with 75M graphite. SEM analysis showed that the graphite particles are independent
particles, the average particle size of graphite particles is 5um, no chemical reaction between any
particles.

WD22 .4mm 15.0kV x500 100um

Figure 1. SEM image of silicon polymers doping with OM graphite.

WD22.8mm 15.0kv x500 100um

Figure 2. SEM image of silicon polymers doping with 4M graphite.
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Figure 3. SEM image of silicon polymers doping with 50M graphite.

Figure 4. SEM image of silicon polymers doping with 75M graphite.

The polymer second level of key knot strength and macromolecular weight will cause the
intramolecular high-residual force. High carbon doping density has enormous attractions to make
molecular pile up closely, and presents high regularity structure. Since the polymer has huge
molecular weight and structure flaw, it cannot be arranged in parallel.

2.4. EDX Analysis

This study using energy dispersive X-ray (EDX) to investigate the composition and content of
polymers specimen. Figures 5, 6 and Table 1 are the EDX analysis results. Those results showed that
the silicon polymers specimen contain 13% silicon after 50M graphite doped, suggest that silicon
atomic structure highly affects the adsorption and conductivity of polymers.
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Figure 5. EDX image of silicon polymers doping with 50M graphite.
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Figure 6. EDX image of polyurethane rubber doping with 75M graphite.

Table 1. The EDX analysis result. (A) Silicon polymers doping with 50M graphite specimen (B)
Polyurethane rubber doping with 75M graphite specimen.

Sample A B
Element Weight% Atomic% Weight% Atomic%
C 49.64 62.58 95.29 96.42
O 25.21 23.86 4.71 3.58
Si 25.15 13.56
S
Totals 100 100

2.5. The Infrared Absorption Spectrum Analysis

The infrared absorption of organic silicon compounds is 5 times stronger than the hydrocarbons.
The infrared absorption spectrum of organic silicon compounds is varied at range 1290 cm! to 800cm
1. Table 2 shows the characteristic absorption peaks of major functional groups. Figure 7 is the
infrared absorption spectrum image of silicon polymers doping with 50M graphite. Figure 8 is the
infrared absorption spectrum image of Polydimethylsiloxane.
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Table 2. The characteristic absorption peak of organic silicon compounds.

Chemical groups Peak / cm? The characteristics of peak
Si—H 2250~2100 Si—H Extension vibrating absorption, strong
950~800 Si—H Bending vibrating absorption, strong
Si—C 890~690 Si—C Extension vibrating absorption, strong
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Figure 7. The infrared absorption spectrum image of silicon polymers when it doping with 50 M
graphite.
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Figure 8. The infrared absorption spectrum image of polydimethylsiloxane [MesSi (OSiMez2) nOSiMes
], degree of polymerization n=0.

2.5.1. The Infrared Spectra of Silicon-Oxygen Bond (5i-O)

According to Figure 6, 5i-O bond have a strong peak in zone 1100~1000cm!, this peak coursing
by the anti-symmetric extending vibration of the Si-O-5i bond. To linear polysiloxane, with the
growth of chain the peak divided into two similar intensity peaks, which are located at 1085cm-! and
about 1020cm-!. Cyclic polysiloxane is also absorbed in the same area. The Si-O band of trimeric ring
siloxane (R:Si)s shows an extension vibrating absorption peak at 1020cm™. The absorption peak of
tetramer ring or the bigger ring moved to 1090cm. The substituents binding with silicon can also
affect the position of Si-O-Si bond absorption peak. For example, ClsSi-O-SiCls and Si-O-Si absorption
located at 1124cm.
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2.5.2. The Infrared Spectra of Silica

Comparing Figures 5 and 6, the infrared spectra analysis of silica, showed that although the
silicon polymers doping with graphite, there have no Si-O bond and Si-C bond. Suggest that there
has no chemical reaction between silicon and graphite particles, they are completely independent.

3. Results

3.1. Conductive

For investigating the electrical characteristic of different concentration carbon was doped in
silicon. Elastic polymers were produced by silica, which has high absorbability to carbon, with
different concentration of graphite doped. To further improve detection, other functionalities were
employed to increase analyte binding [25].

Figure 9 shows the resistivity (o) of specimen with different concentration (Cp) carbon doped.
When the elastic polymers contained 40M graphite, the conductive will increase rapidly. When the
elastic polymers contained 50M graphite, the conductive get into steady state. When the elastic
polymers contained 60M graphite, graphite adsorption reached to saturation. The flexibility of the
polymer began to deteriorate, so the test materials have tiny cracks in the edge.

p (Q -cm

Figure 9. The resistivity (o) of specimen with different concentration (Cp) carbon doped.

For investigating the adsorption and conductive of silicon, elastic polymers were produced by
polyurethanes rubber, which has high absorbability to carbon and no silicon contained, with different
concentration of graphite doped as control. Figure 10 shows the resistivity (g) of polyurethanes
rubber with different concentration (Cp) carbon doped. When the elastic polymers contained 75M
graphite, the conductive of elastic polymers increased rapidly. When the graphite increases to 79M,
the conductive of elastic polymers get into steady state. When the elastic polymers contained 90M
graphite, graphite adsorption reached to saturation. The flexibility of the polymer began to
deteriorate, so the test materials have tiny cracks in the edge.
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Figure 10. The resistivity (o) of polyurethanes rubber with different concentration (Cp) carbon

doped.

3.2. Resistance of Temperature Coefficient

Theoretical studies have determined that the energy required for removing adsorbed particles
from any interface is much greater than the energy required for spreading [26]. Physisorption is not
a chemical reaction, needed no activation energy, therefore it can react easily and quickly respond at
low temperature. Molecular interactions between the free surface energy of interfacial adsorbed
nanofibers and the substrate can dictate film morphology [27]. Adsorption is exothermic, so the
resistance, which caused by the physisorption of polymer, proportional to temperature. The weak
Van der Waals force is the main force of physisorption. The physisorption easily affected by
temperature, so the resistance of temperature coefficient varies greatly. Because the conductive of
elastic polymers contain silicon have great variances with the elastic polymers only, this study
analyzed the resistance of temperature coefficient under similar resistivity, but different
concentration graphite doped. The result as follow: When the polyurethanes rubber doping whit
46.3M graphite, the characteristics of resistance temperature as Figure 11. When the silica doping
whit 60M graphite, the characteristics of resistance temperature as Figure 12.
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Figure 11. The characteristics of resistance temperature, when polyurethanes rubber doping whit
46.3M graphite.
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Figure 12. The characteristics of resistance temperature, when silica doping whit 60M graphite.

This experiment uses a nonelectrolyte solution that is not easily volatile. Only the solvent is
volatile, and there is no interaction between the solute and the solvent, which is close to an ideal
solution and applicable to Raoult’s law. According to Raoul’s law, the total vapor pressure of a
solution is equal to the sum of the vapor pressures of the solute and solvent. If two ideal solutions
are mixed together with a constant volume, they will not absorb or release thermal energy. Mixing
two solutions and increasing their volume is an endothermic reaction. On the contrary, mixing two
solutions reduces the volume, which is an exothermic reaction. Therefore, this experiment is an
exothermic reaction.

4. Discussion

4.1. Conductive

When doped 50M graphite into elastic polymers which contain 13.56% silicon, the physisorption
resulting the elastic silicon polymers become conductive. The resistivity of the elastic silicon polymers
is 140kQ-cm and its conductivity is 7.1428uS-cm. Add the same concentration of graphite into the
elastic polymers contain no silicon, like polyurethane rubber. The resistivity of the polyurethane
rubber is 60kQ-cm and its conductivity is 0.01666uS-cm. Dependent on the infrared absorption
spectrum analysis, these two polymers were mainly composed by C-H bond. The variance of
conductive between two polymers are 430 times, only because the chemical reaction of silicon
particles.

4.2. Temperature Coefficient

Adsorption of the chemisorptions is stronger than physisorption, not easily affected by
temperature. The elastic silicon polymers are working by physisorption, easily affected by
temperature.

4.3. The Characteristic Equation of Carbon Concentration and Resistance

Through several experiments, derived the characteristic equation of graphite concentration and
resistance as follows:
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Cp—C,
-0, 20

0=0stgne T (1)

In Formula (1), Co is the lowest doping concentration for using polymers as practicality
resistance material; Qo is the resistivity of the lowest doping concentration; Cc is the doping critical
concentration of the steadying conducting state; Cs is the doping saturation concentration of
saturated adsorption; gs is the resistivity of saturation concentration in saturated adsorption; Qm is
the quality factor of material, which is dimensionless. The Qm of graphite is 4. When temperature
raise to 300k, the Co of polyurethanes rubber which doping with graphite, is 75M, the Co of silica is
45M, the Cc of polyurethanes rubber is 80M, the Cc of silica is 50M, the Cs of polyurethanes rubber is
90M, the Cs of silica is 60M, the oo of polyurethanes rubber is 2.08x10°Q-cm, the o of silica is
6.16x107Q)-cm, the os of polyurethanes rubber is 3.04x102Q2-cm, the s of silica is 5.60x102Q-cm. When
Cb is smaller than Cc, Formula (1) can simplify as follows:
Q=0o0e (2)

4.4. The Characteristic Equation of Resistance and Temperature Coefficient

Physisorption is not a chemical reaction, needed no activation energy, therefore it can react easily
and quickly respond at low temperature. Adsorption is exothermic, so the resistance, which caused
by the physisorption of polymer, proportional to temperature. The weak Van der Waals force is the
main force of physisorption. Conservation of energy dictates that electron transfer between an
electrode and a redox system in solution or adsorbed on the electrode surface is fastest when the
energy of the electron is equal in the metal and in the thermally activated redox system [28,29]. The
physisorption easily affected by temperature, so the resistance of temperature coefficient varies
greatly. When the polyurethanes rubber doping whit 80M graphite, the characteristics of resistance
temperature as Figure 9. The characteristic equation of resistivity (g) and temperature as follows:

p0,if Te < TO
0.2, )
p0 + (ppl — p0)-e n70 if Te < Tpl
(pc — ppl);ﬂ_Te ,if Tpl < Te < Tc
P= o 3)
(pnl — pC)L_]Tj ,if Tc < Te < Tnl
al e
T,-T.
_Q e c
pce "I ifTe > Tc

In Formula (3), To is the temperature of starting desorption; Qo is the resistivity at To, Tpl is the
starting temperature of positive temperature coefficient linear region, gyl is the resistivity at Tpi, Tc is
the critical temperature of positive and negative temperature coefficient of rubber polymers, oc is the
resistivity at Tc, Tn is the termination temperature of negative temperature coefficient linear region,
onl is the resistivity at Tn, Tm is the melt temperature of rubber polymers, om is the resistivity at Tm,
Te is the environment temperature. Qra is the characteristic of material thermodynamics is
dimensionless. The Qra of graphite is 2. Dm is the characteristic of material desorption, is
dimensionless. The Dm of graphite is 2. When polyurethanes rubber doping with 80M graphite, the
To=267K, Tp=312K, Tc= 319K, Tu= 322.5K, Tm= 343K, go= 1.296x10°Q-cm, op1 = 4.88x10*Q2-cm, gc=
5.712x10%Q)-cm, on=4.936x104 Q2-cm , Om=7.04x10°Q2-cm.

When the silica doping whit 60M graphite, the characteristics of resistance temperature as Figure
10. By linear segments can explain the relationship between resistivity (0) and temperature, as
piecewise-linear equivalent. Because the linear are close to the actual curve, the characteristic
equation as follows:
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2 tel
T-T, .
p0 + (pm — pCZ)ﬁ,lf Tc2 < Te <Tm

m 2

In Formula (4), To is the temperature of starting desorption; o is the resistivity at To, Ta is the
first section critical temperature of positive temperature coefficient linear region, g« is the resistivity
at Ta, T2 is the second section critical temperature of positive temperature coefficient linear region of
rubber polymers, g« is the resistivity at T2, Tm is the melt temperature of rubber polymers, om is the
resistivity at Tm, Te is the environment temperature. Qra is the characteristic of material
thermodynamics is dimensionless. The Qra of graphite is 2. Dm is the characteristic of material
desorption, is dimensionless. The Dm of graphite is 2. When polyurethanes rubber doping with 60M
graphite, the To= 283K, Ta=350.5K, Te= 368K, Tm= 373K, go=1.83x10' Q-cm, ga= 3.74x10?Q-cm, Q2=
7.16x10%Q-cm, om= 9.85x 102 Q-cm.

5. Conclusions

5.1. Silicon Atomic Structure Effect the Adsorption Conductive of Elastic Polymers

Silicon and carbon are located in the same family of the periodic table, their atomic structure and
b properties are similar. However, silicon in the third period in 14th families of periodic table, and
carbon in the second period, they also have many differences. The atomic radius of silicon is 0.11nm;
the volume of silicon is 1.5 times bigger than carbon, so the spacing between silicon and substituent
are longer than carbon. For example, the distance between each chlorine atoms within SiCls are
0.329nm, and the distance between each chlorine atoms within CCls is 0.298nm. Thus, silicon atoms
have poor shielding effect. Therefore, the silicon-containing polymers are much easier hydrolysis
than the polymers carbon only.

Adsorption is facilitated by hydrophobic m—t interactions [30]. The silicon atoms are part of a
silacyclopentadiene unit, which is responsible for the unique o*~m/t* conjugation that defines their
reduced band gap energies [31,32]. Silicon and carbon are reduced 7 electron shell with the same
physisorption, and make the elastic polymers become conductive. Therefore, when adding 50M
graphite, the conductive can vary 430-fold between the elastic polymer which contained 13.56%
silicon and non-silicon contained. This huge variance of conductive is because of that the electronic
structure of silicon has 3s’3p” and 3d empty orbital. The 3d electron shell structure can have an empty
orbital, can produce dmt-pmt bond, which with the characteristics of quasi-metallic. Carbon atom has
no d electrons and no coordination, so when put both carbon and silicon into the elastic polymers;
they will adsorb and conducted together which create a better conductive.

5.2. Applicability of The Characteristic Equation

According to experiments and the derivation of characteristic equation, different elastic polymer
and containing silicon or not, will not affect the characteristic equation of graphite concentration and
resistance, but only change the value of equivalent. Therefore, need more diversity experiments to
test that the characteristic equation applies to most of the polymers or not.

5.3. Physisorption Effect the Elastic Polymers

Physisorption can form a single or multiple molecules adsorbed layer, multiple molecules
adsorbed layer at the most. Macromolecule and carbon are multiple molecules adsorbed layer, their
adsorption rate and rate are very quickly. Therefore, it can reduce the process and production costs.


https://doi.org/10.20944/preprints202407.1567.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 July 2024 d0i:10.20944/preprints202407.1567.v1

12

References

1. N.K. Guimard, N. Gomez, and C. E. Schmidt, Prog. Polym. Sci. 2007, 32, 876.

2. Bravo-Grimaldo E, Hachey S, Cameron CG, Freund MS, Metastable reaction mixtures for the in situ
polymerization of conducting polymers. Macromolecules. 2007, 40:7166-7170.

3. Zhou, et al. Investigation on polymer anode design for flexible polymer solar cells. 2008, Appl Phys Lett
92:233308.

4. Zaumseil ], Friend RH, Sirringhaus H. Spatial control of the recombination zone in an ambipolar light-
emitting organic transistor. Nat Mater. 2006, 5:69-74.

5. Julio, M. D’Arcya, Henry D. Tranb, Vincent C. Tungc, Alexander K. Tucker-Schwartza, Rain P. Wonga,
Yang Yangc, and Richard B. Kaner , Versatile solution for growing thin films of conducting polymers.
Edited by Noel A. Clark, University of Colorado, Boulder, CO, and approved September 14, 2010.

6. Yeon, H.Y,;Byung K. L. JiS. C,; Sungwon K.; Bongyoung Y.; Yong S. K.; Kinam P.; Yong W. C., A Glucose
Sensor Fabricated by Piezoelectric Inkjet Printing of Conducting Polymers and Bienzymes; 2011 c The Japan
Society for Analytical Chemistry, Analytical Sciences. 2011, Vol 27.

7. Rouquerol F, Rouquerol ], Sing K: Adsorption by powders and porous solids London: Academic Press.
1999, 1-447.

8.  Li D, Kaner RB. Processable stabilizer-free polyaniline nanofiber aqueous colloids. Chem Commun. 2005,
26:3286-3288.

9.  Chaudhury MK, Whitesides GM: Direct measurement of interfacial interactions between semispherical
lenses and flat sheets of poly (dimethylsiloxane) and their chemical derivatives. Langmuir. 1991, 7:1013.

10. Hossein Ghanbari, Achala de Mel, Alexander M Seifalian, Cardiovascular application of polyhedral
oligomeric silsesquioxane nanomaterials: a glimpse into prospective horizons, International Journal of
Nanomedicine, April 2011 Volume. 2011, 6, 775 — 786.

11. KannanRY, Salacinski HJ, Edirisinghe MJ, Hamilton G, Seifalian AM. Polyhedral oligomeric silsequioxane-
polyurethane nanocomposite microvessels for an artificial capillary bed. Biomaterials. 2006, 27(26):4618-
4626.

12. Li GZ, Yamamoto T, Nozaki K, Hikosaka M. Crystallization of ladderlike poly phenyl silsesquioxane
(PPSQ)/isotactic polystyrene (i-PS) blends. Polymer. 2001, 42(20):8435-8441.

13. Maciel GE, Sullivan M], Sindorf DW. C-13 and Si-29 nuclear magnetic-resonance spectra of solid poly
(methylsiloxane) polymers. Macromolecules. 1981, 14(5): 1607 —1608.

14. Frye CL, Collins WT. Oligomeric silsequioxanes, (Hsio3/2)N. ] Am Chem Soc. 1970, 92(19):5586-5588.

15. Brook, MA. Silicon in Organic, Organometallic, and Polymer Chemistry. New York: John Wiley. and
referenced cited therein. 2000.

16. Scott E. Denmark, The Interplay of Invention, Discovery, Development and Application in Organic
Synthetic Methodology: A Case Study, ] Org Chem. 2009, 74(8): 2915-2927. d0i:10.1021/j0900032x.

17.  (a) Denmark SE, Tymonko SA.J. Org. Chem 2003;70:9151-9154. [PubMed: 14604401] (b) Lee M, Ko S, Chang
S.J. Am. Chem. Soc. 2000, 122:12011-12012.

18. Ojima, L; Li, Z.; Zhu, ]. The chemistry of organic silicon compounds. Rappoport, Z.; Apeloig, Y., editors.
Vol. Vol. 2. Great Britain: John Wiley & Sons. 1998, 1687-1792.

19. Denmark SE, Kallemeyn JM. Org. Lett, 2003; 5: 3483-3486. [PubMed: 12967305]

20. Lickiss PD. Adv. Inorg. Chem, 1995, 42: 147-262.

21. Teh-Hua Tsai, Chen-Yu Wang, “A Study of Ammonium Bifluoride as an Agent for Cleaning Silicon
Contamination in the Wafer Dicing Process”, Applied Sciences. 2023, 13(9), 5294, 13p.

22. Teh-Hua Tsai, Chen-Yu Wang, “Metal Corrosion Protection in Ammonium Bifluoride-Base Cleaning Agent
for Si Contaminants”, Aspects in Mining & Mineral Science, 11(4), AMMS. 000767, 2023.

23. Teh-Hua Tsai, Chen-Yu Wang, “A New Quick Sieve Method for Etchant Evaluation and UBM Cu Undercut
Improvement”, American Journal of Biomedical Science & Research, 19(6) AJBSR.MS.ID.002657, 2023.

24. Jager EWH, Smela E, Inganas O, Microfabricating conjugated polymer actuators. Science. 2000, 290:1540—
1545.

25.  Amara JP, Swager TM. Macromolecules, 2005, 38:9091-9094.

26. AtaS. Coalescence of bubbles covered by particles. Langmuir. 2008, 24:6085-6091.

27. BestehornM, Pototsky A, Thiele U. 3d large scale Marangoni convection in liquid films. Eur Phys ] B, 2003,
33:457-467.

28. Iwasita, T.; Schmickler, W. Ber. Bunsen-Ges. 1985, 89, 138—42.

29. Royea, W.].; Hamann, T. W.; Brunschwig, B. S.; Lewis, N. S. ]J. Phys. Chem. 2006, 110, 19433-19442.

30. Jason C. Sanchez, Antonio G. DiPasquale, Anthony A. Mrse, William C. Trogler Received, Lewis acid-base
interactions enhance explosives sensing in silacycle polymers, Anal Bioanal Chem. 2009, 395:387-392, DOI
10.1007/s00216-009-2846-1.


https://doi.org/10.20944/preprints202407.1567.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 July 2024 d0i:10.20944/preprints202407.1567.v1

13

31. Yamaguchi S, Tamao K. Bull Chem Soc Jpn. 1996, 69:2327-2334.
32. Yamaguchi Y. Synth Met. 1996, 82:149-153.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.


https://doi.org/10.20944/preprints202407.1567.v1

