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ABSTRACT

l l ypothesis: Poly(m-phenylenediamine) and barium titanate nanoparticles have

promising physical and chemical properties in the electrical and optical fields.

One of the attractive properties of these materials is their nonlinear optical
behavior. This property allows these materials to be used in high-tech systems, the
manufacture of various optical parts as well as lasers.
Methods: Poly(m-phenylenediamine/barium titanate) nanoparticles (PmPDA/BaTiO,)
nanocomposite was prepared by in situ polymerizations. The prepared materials
were characterized by various methods. Nonlinear optical studies of materials were
investigated by the Z-scan technique with open aperture and closed aperture to obtain
the absorption coefficient and nonlinear refractive index at different concentrations
0.3, 0.5, and 0.7 mg/L with four different intensities at a wavelength of 532 nm.
Findings: X-ray diffraction and field emission electron microscopy results showed
Keywords: a semi-crystalline pattern and an irregular aggregate structure for PmPDA/BaTiO,
nanocomposite, respectively. The thermal stability of the nanocomposite increased
due to the presence of BaTiO, nanoparticles relative to PmPDA. The presence of
BaTiO, nanoparticles in the nanocomposite shifted the absorption peak of PmPDA
to a shorter wavelength (325 nm). The optical results show that at concentrations of
0.3, 0.5, and 0.7 mg/L with varying intensity of moderate light on PmPDA, BaTiO,,
and PmPDA/BaTiO, samples, the values of nonlinear refractive index (n,) and the
nonlinear absorption coefficient () are obtained differently. In addition, the results
show that by changing the intensity, the samples have a nonlinear refractive index
with a negative sign (n, < 0). This result shows that the samples are self-focal in
nature and can play an important role in the correction of laser pulses. The samples
also have a saturation absorption (SA) nature. This feature plays an important role in
the fabrication of optical switches and optical limiters in lasers.
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Fig. 1. Schematic illustration of the poly(m-phenylenediamine/barium titanate (PmPDA/BaTiO,) nanocomposite preparation by

in-situ polymerization.
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Fig. 6. FE-SEM images of PmPDA, BaTiO, and PmPDA/

BaTiO,.
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Table 1. Solubility of PmPDA, BaTiO, and PmPDA/BaTiO,

in different solvents.

Sample H,O | EtOH | THF | DMSO

PmPDA ¥ R + ++

BaTiO, - - ++ 4
PmPDA/BaTiO, - - + +

*(--) Insoluble, (++) good solubility, (+) medium solubility, (-) poor
solubility.
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Table 2. Nonlinear optical parameters of PmPDA.
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Table 4. Nonlinear optical parameters of PmPDA/BaTiO,.

C (b£0.1)x10° | (n,z0.1)x10? Ix10°
(mg/L) (m/w) (m?/w) (W/m?)
-0.2042 -0.1029 164.5
-0.1772 -0.1079 57.44
03 -0.2127 -0.1747 17
-0.1958 -0.1748 6.2
-0.2182 -0.0834 164.5
-0.2262 -0.1221 57.44
03 -0.1213 -0.1123 17
-0.2406 -0.1606 6.2
-0.1121 -0.0816 164.5
-0.1624 -0.0961 57.44
07 -0.1444 -0.0986 17
-0.2273 -0.1596 6.2

C | (B£0.1)x 105 | (n20.1)x 103 | 1x10° C (b0.1)x10° | (nz0.1)x 10° | Tx10°

(mg/L) (m/w) (m?%w) (wW/m?) (mg/L) (m/w) (m?/w) (w/m?)

-0.1961 -0.1622 164.5 -0.2411 -0.2289 164.5

03 -0.2814 -0.1895 57.44 03 -0.2196 -0.1668 57.44
' -0.2557 -0.1417 17 -0.0646 -0.1600 17
-0.2418 -0.1483 6.2 -0.1066 -0.1569 6.2

-0.2062 201743 164.5 -0.1009 -0.1171 164.5

03115 -0.2026 57.44 -0.0881 -0.1139 57.44
03 -0.1458 -0.1422 17 " -0.1635 -0.1659 17
-0.2039 -0.1363 6.2 -0.2244 -0.1881 6.2

02578 20,1899 1645 -0.2844 -0.0415 164.5

o -0.2831 -0.1913 57.44 0.7 -02750 -0.2048 5744
-0.2073 -0.1515 17 -0.0412 -0.0527 17
-0.2062 -0.1559 6.2 -02189 -0.2035 6.2
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Table 5. Comparison of nonlinear optical parameters of different polymers and composites.

Sample B (mYW) n, (m7W) Ref.
Poly(aniline-co-orthophenylenediamine) 916x10° 4x1018 18
Poly(aniline-co-orthophenylenediamine)/Titanium dioxide 948x10* 11x101° 18
Poly(9,9-dioctyl fluorescence) 18x10°¢ 204x101 34
Poly(eosin-Y phthalate) 76x101° 283x10! 35
Poly(4,3-cthylene dioxythiophene) 69x101° 925x10713 36
Polypyrrole/carbon nanotubes -27x10* -172x101° 37
Poly(aniline-co-pyrrole)-zinc oxide 62x10+ -201x10°1 25
Polyaniline/silver -274x10° -57x10716 38
Polyaniline -199x10° 115x10°16 38
Poly(methaphenylenediamine) -24x107 -22x10°% This work
Poly(meta-phenylene diamine)/barium titanate -2x10¢ -1x10* This work
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