
Research Article
Preparation and Properties of Boron Nitride or Aluminum
Nitride Reinforced Glass Fiber/Modified Polyphenylene
Sulfide Composites

Jingxian Zhao , Shijie Cai, Xiaolu Chen, Haohao Ren, and Yonggang Yan

College of Physics, Sichuan University, Chengdu, China

Correspondence should be addressed to Yonggang Yan; yan_yonggang@vip.163.com

Received 24 November 2022; Revised 21 March 2023; Accepted 22 March 2023; Published 11 April 2023

Academic Editor: Puyou Jia

Copyright © 2023 Jingxian Zhao et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

In this work, polyphenylene sulfide (PPS) containing carboxyl group was synthesized and used to prepare PPS-2COOH/LGF/AlN
and composites with high-temperature resistance, corrosion resistance, low dielectric constant, and low dielectric loss were
prepared with boron nitride/aluminum nitride (BN/AlN) and glass fiber (LGF). The results showed that the introduction of
carboxyl groups did not affect the structure and thermal properties of PPS. The composites exhibited good mechanical
properties with a tensile strength of 65MPa~97MPa and flexural strength of 112MPa~154MPa. The TGA results showed that
the composites had good thermal stability, and the T5% of PPS-2COOH/LGF/AlN (20) and PPS-2COOH/LGF/BN (20)
reached up to 511.6°C and 506.3°C, respectively. They were insoluble in some organic solvents, such as NMP and DMF at
room temperature, and they exhibited excellent chemical resistance. The dielectric performance results showed that with the
increase of frequency, the dielectric constant and dielectric loss gradually decreased, the dielectric constant of PPS-2COOH/
LGF/BN (15) was 3.9, and the dielectric loss of PPS-2COOH/LGF/BN (15) was 0.01. From the above results, it can be
concluded that the composite materials PPS-2COOH/LGF/AlN and PPS-2COOH/LGF/BN have potential application prospects
in the field of 5G high thermal conductivity materials.

1. Introduction

With the introduction of 5G communication technology,
higher standards for materials have been established [1].
Dielectric polymer composites are carefully explored and
widely employed as a key substrate for electronic packaging
and energy storage [2, 3], and they must meet the substrate
materials with the least amount of reduction in high-
frequency (millimeter wave) signal transmission speed, i.e.,
a small dielectric constant, a small dielectric loss, a high glass
transition temperature, a small coefficient of thermal expan-
sion, and a high thermal conductivity [4, 5].

The molecular structure of polyphenylene sulfide (PPS)
is alternately structured by benzene rings and sulfur atoms,
and the configuration is tidy, making it easier to produce a
crystalline structure with excellent thermal stability [6, 7].
The benzene ring makes it high in mechanical properties,
heat resistance, and flame retardant properties, which can

effectively replace metal parts in many applications, reduce
weight, and reduce costs [8]. However, due to the low ther-
mal conductivity and poor heat dissipation performance of
polyphenylene sulfide itself, its application had been limited
in some areas.

A simple and effective strategy for improving the ther-
mal conductivity of polymers is the addition of high thermal
conductivity fillers [9–12], such as silicon carbide [13, 14],
alumina [15], boron nitride (BN) [16–19], aluminum nitride
(AlN) [20, 21], carbon nanotubes [22, 23], graphene
[24–26], entering the polymer matrix to form thermal con-
ductivity paths and networks to enhance thermal conductiv-
ity [27]. Among these fillers, BN and AlN are widely used
due to their excellent thermal conductivity and insulation.
However, high thermal conductivity fillers enhance dielec-
tric losses and reduce electrical breakdown strength. More-
over, if too much ceramic filler with high thermal
conductivity is added, it will affect the mechanical properties
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and density of PPS composites and also pose major chal-
lenges to the processing of composite materials. Guo et al.
prepared aluminum nitride/polyphenylene sulfide (AlN/
PPS) composites by melt blending method and found that
excessive addition of AlN easily leads to aggregation and
weakens mechanical properties [28]. To improve mechanical
properties, glass fiber is widely used as a high-strength rigid
reinforcing filler due to its low cost [29–33]. Among them,
low dielectric glass fiber is widely used due to its low dielec-
tric constant [34], TDL-GLASS (LGF) is a new type of low
dielectric constant glass fiber, the frequency at 1MHz fre-
quency, its dielectric constant is about 4.3~4.6, the frequency
is 10GHz, the dielectric constant can reach 4.2~4.3 [35, 36].

It can be seen from the above that PPS composites with
high heat resistance, high thermal conductivity, and low
dielectric constant are expected to be obtained by adding
low dielectric glass fiber, BN, or AlN in PPS resin. However,
the interface between PPS and filler is inert, which affects its
mechanics and dielectric properties [37]. The methods to
improve the interface generally include coupling agent treat-
ment and interface compatibilizer modification [38, 39].
However, the coupling agent may volatilize at high temper-
atures due to its low boiling point. In general, the interface
between the polymer and the filler can be improved by func-
tionalizing the surface of PPS, such as carboxylation or ami-
nation. For example, PPS containing carboxyl groups can
generally form hydrogen bonds with glass fibers, carbon
fibers, etc., thereby improving the interaction between them
and the matrix [40, 41]. The aminated PPS (PPS-NH2) also
could be used to improve the compatibility of CF with the
PPS matrix [42]. Meanwhile, Yuan et al. synthesized car-

boxyl polyphenylene sulfide copolymers with low molecular
weight and used them as sizing agents for CF/PPS compos-
ites [40, 43].

Therefore, in this work, PPS containing a double car-
boxyl group was synthesized and then used as the substrate
to prepare composite materials containing BN and AlN.
The properties such as thermal, mechanical, dielectric prop-
erties, and chemical corrosion resistance are also discussed
in detail.

2. Experimental

2.1. Materials. Materials are 1,4-dichlorobenzene (99%,
Shandong Pesticide), sodium sulfide (Na2S·Xh2O
Na2S%≈45%) (Yuncheng Fengyuan Kechuang Chemical
Co., Ltd), NaOH (AR, Chengdu, Chron Chemicals Co.,
Ltd.), HCl liquid (HCl%≈36%, Chengdu, Chron Chemicals
Co., Ltd.), N-methyl-2-pyrrolidinone (NMP) (99%, Binzhou
Yuneng Chemical Co., Ltd.), and ethyl alcohol (EtOH)
(99.8%, Chengdu, Chron Chemicals Co., Ltd.). Boron nitride
(BN, particle size: 3-7 microns) and 2,5-dichloroterephthalic
acid (98%), purchased from Zhengzhou Alpha Chemical
Co., Ltd. LGF was provided by Taishan Fiberglass Inc. Alu-
minum nitride (AlN, particle size: 2-9 microns) was pre-
pared by the Ceramics Research Group of Physics College,
Sichuan University.

2.2. Copolymer Synthesis. According to Scheme 1, the modi-
fied PPS resin was synthesized by a nucleophilic substitution
reaction with 1,4-dichlorobenzene, 2,5-dichloroterephthalic
acid, and sodium sulfide in NMP at high pressure. First of
all, 173.35 g of sodium sulfide (1mol, Na2S·xH2O
Na2S%≈45%), 4.00 g NaOH (0.05mol), an appropriate
amount of catalyst [44], and 500mL of NMP were added
into the high-pressure reactor. Stirred, heated with nitrogen,
and then gradually heated to 180°C. Secondly, 143.33 g 1,4-
dichlorobenzene (0.975mol) and 5.88 g 2,5-dichloroter-
ephthalic acid (0.025mol) were added when the reactor
was cooled down to 130°C. Then, the reaction temperature
was raised to 200°C and maintained for 2 h. Finally, the tem-
perature of the reaction was slowly raised to 240°C for 6 h,
and after the reaction was over, the temperature was cooled
by condensate water. The above reaction is carried out at 3-
10 atmospheric pressure. The product was cleaned with
hydrochloric acid and hot deionized water and dried at
100°C for 24 h to obtain PPS-2COOH (2.5).
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Scheme 1: Synthesis route of copolymer PPS-2COOH, m : n = 97:5 : 2:5.

Table 1: Composition of the PPS-2COOH/LGF/AlN and PPS-
2COOH/LGF/BN composites in wt%.

Samples
PPS-2COOH

(wt%)
BN

(wt%)
AlN
(wt%)

LGF
(wt%)

PPS-2COOH/LGF/
BN (15)

60 15 25

PPS-2COOH/LGF/
BN (20)

55 20 25

PPS-2COOH/LGF/
AlN (15)

60 15 25

PPS-2COOH/LGF/
AlN (20)

55 20 25

PPS-2COOH/LGF 75 25

2 Advances in Polymer Technology



2.3. Preparation of Composites. The composites of BN, AlN,
and PPS-2COOH were prepared by melt mixing. And the
composites were prepared according to the following proce-
dures: (i) all raw materials were dried for 24h in a vacuum
oven before processing. (ii) In a high-speed pulverizer (Bei-
jing Ever Bright Medical Treatment Instrument Co., Ltd.),
the filler and glass fiber were mixed with PPS-COOH pow-
der. The homogenized mixture was melted and mixed at
310°C in a micro extruder (HAAK miniLab II). The compo-
sitions of the obtained composites are shown in Table 1.

3. Characterization

FT-IR analysis was performed using 170SX (Thermo Nicolet
Corporation, USA) with a spectral wavenumber set to 400-
4000 cm-1.

The X-ray diffraction pattern was tested by X-ray diffrac-
tometer (XRD; PANalytical B.V., X Pert Pro MPD DY129,
Netherlands). The diffraction angle was set as 10°-80°, copper
was used as the target, the working voltage was 40kV, the
working current was 25mA, and the scanning rate was 2°/min.
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Figure 2: (a) XRD patterns of PPS, PPS-2COOH, BN, AlN, PPS-2COOH/LGF/BN and PPS-2COOH/LGF/AlN; (b) XRD images of the
composites.
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Figure 1: (a) FT-IR spectra of PPS and copolymer PPS-COOH at 4000-1000 cm-1; (b) FT-IR spectra of PPS, PPS-2COOH, PPS-2COOH/
LGF/BN, and PPS-2COOH/LGF/AlN at 4000-400 cm-1.
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The flexural strength and tensile strength of the samples
were examined using the MTS E45.105 electronic universal
testing machine (MTS Corporation, America) at a rate of
5mm/min and 2mm/min, respectively.

The morphologies of the composites were observed by
scanning electron microscope (SEM; FEI Corporation, Nova
Nano SEM 450, American)/energy dispersive spectrometry
(EDS; Oxford Instruments, OXFORD Ultim Extreme EDS,
America,). Before observation, the samples were subjected
to a sputtering procedure that coated them in a layer of gold
and palladium.

Differential scanning calorimetry (DSC) analysis of sam-
ples was performed using the DSC3+/500 thermal analyzer
(Mettler-Toledo Corporation, Switzerland) at 10°C/min
(nitrogen atmosphere) over the entire temperature range
(25-300°C), rising from room temperature to 300°C and then
down to room temperature. The thermogravimetric analysis
was performed using TGA Q500 V6.4 Build 193, and the test
temperature range was from 30°C to 800°C, with a tempera-
ture change rate of 10°C/min.

According to the standard GB/T 22588-2008, the
LFA467 laser thermal conductivity instrument (LFA;
Netzsch Instruments Co., Nanoflash LFA 467 system, Ger-
many) measured the thermal diffusivity of a sample. Using
the following formula to calculate the thermal conductivity
of the composite at room temperature [45]:

λ = α × ρ × Cp, ð1Þ

where λ, α, ρ, and Cp represent the thermal conductivity
(W/mK), thermal diffusivity (m2/s), density (kg/m3), and
specific heat capacity (J/(kg·K)), respectively. The Cp of the

composites was measured by differential scanning calorime-
try (DSC), using the sapphire method. The DSC curve of a
standard sapphire (with known specific heat capacity) was
tested under a nitrogen atmosphere with a temperature rise
rate of 10°C/min and a temperature setting range of 0-
100°C. The DSC curve was then converted to the specific
heat capacity of the sample to be measured by the formula:

Cp = C1 ·
Y2 − Y0ð Þ ·m1
Y1 − Y0ð Þ ·m2

, ð2Þ

where m1, m2, Y0, Y1, Y2, C1, and Cp represent the mass of
the sapphire (mg), the mass of the sample (mg), the DSC
value of baseline, the DSC value of the sapphire, the DSC
value of the sample to be tested, the specific heat capacity
of the sapphire (J/(mg·K)), and the specific heat capacity of
sample to be tested (J/(mg·K)), respectively.

The dielectric constant and dielectric loss of the samples
were measured using Broadband Dielectric Spectrometer
CONCEPT 50 (Novocontrol Corporation, Germany) at
room temperature.

The solubility of 0.2 g samples that was immersed in
25mL of different solvent was examined at room tempera-
ture, the results were recorded in detail.

4. Results and Discussion

4.1. Infrared Analysis. Figure 1 shows the FT-IR spectrum of
PPS, PPS-2COOH, and composites. From Figure 1(a), PPS
and PPS-2COOH had almost the same characteristic
absorption, which may be due to the low content of the car-
boxyl group and the inconspicuous characteristic peak. After
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Figure 3: (a) Flexural strength and (b) tensile strength of PPS-2COOH, PPS-2COOH/LGF/BN, and PPS-2COOH/LGF/AlN.
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increasing the carboxyl content, the unsharp peak at
3375 cm-1 could be attributed to the stretching vibration of
-COOH, and the new peaks at about 1749 cm-1 of the copol-
ymer was attributed to the stretching vibration of -C=O,
which can prove that the synthesis method is successful. In
the infrared spectrum of PPS, the peak near 1570 cm-1 was
the symmetric stretching vibration peak of the benzene ring
[46]. The stretching vibration peak of the C=C bond in the
benzene ring was around 1470 cm-1. The hydrogen atoms
in the parasubstituted benzene ring vibrated primarily in
two directions: in-plane bending vibration peaked at around
1010 cm-1, whereas out-of-plane deformation vibration
peaked at about 818 cm-1. Saëki [47, 48] made a detailed
analysis of the infrared spectrum of 1,4-dichlorobenzene.
Compared with the FT-IR results of 1,4-dichlorobenzene,
the absorption peak of the thioether bond appeared in the
FT-IR of PPS and its copolymer, indicating that PPS and
its copolymer were successfully synthesized in this work.
1096 cm-1 is the absorption peak of the C-S bond [40]. The
infrared spectrogram of PPS-2COOH could not be distin-
guished from PPS due to the low content of the carboxyl
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Figure 4: FE-SEM cross-sectional images of PPS-2COOH/LGF/AlN and PPS-2COOH/LGF/BN composite films: (a) BN (20 μm); (b) AlN
(20 μm); (c) PPS-2COOH/LGF/AlN (15) (200 μm); (d) PPS-2COOH/LGF/AlN (20) (200 μm); (e) PPS-2COOH/LGF/BN (15) (200 μm); (f)
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group, indicating that they had comparable structural
characteristics.

4.2. Crystal Structure Analysis. Figure 2 displays the XRD
patterns of the composite materials, ceramic filler, polymer
PPS, and PPS-2COOH. The principle reflection of BN is
located near 2θ~26.67° and can be classified as (002) reflec-
tion of graphitic structure. At the same time, other much
weaker peaks corresponding to the (100)/(101) reflection
were observed near about 42.30° [49]. The peak of AlN con-
forms to JCPDS NO.76-0565, and there is no other phase in
the spectrum, indicating that the sample phase is pure [50].
With the increase of BN/AlN content, the characteristic peak
of BN/AlN in composites becomes more obvious. The 2θ
value of pure PPS was 19.21°, 20.87°, 25.97°, and 27.87°, cor-
responding to (110), (111), (112), and (211) crystal planes,
respectively [51]. From Figure 2, the diffraction peak posi-
tion of PPS-2COOH was not significantly different from that
of PPS, indicating that the crystal shape of the PPS-2COOH
polymer chain is consistent with PPS after the introduction
of carboxylic acid side groups. The addition of inorganic
fillers did not change the crystal structure of PPS-2COOH.

4.3. Mechanical Property. Generally, glass fiber can be used
as mechanical reinforcement, and BN/AlN can improve
the thermal and mechanical properties of composites. The
mechanical properties of PPS-2COOH and its composites
are shown in Figure 3. The tensile strength and flexural
strength of PPS-2COOH/LGF had increased compared to
PPS-2COOH, which was due to the addition of fiber into
the composite material. On the one hand, the fiber was
responsible for carrying the majority of the load when the
composite underwent stress because it was able to transmit
local loads over long distances by way of its ability to transfer
loads across interfaces [52]. On the other hand, a strong
interaction between the carboxyl group from the matrix
and the silicon hydroxyl from LGF might be formed, accord-
ing to previous reports [40, 41, 53]. Compared with PPS-
2COOH/LGF/BN and PPS-2COOH/LGF/AlN, PPS-
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Figure 6: DSC curves of PPS, PPS-2COOH, PPS-2COOH/LGF/BN, and PPS-2COOH/LGF/AlN in a nitrogen atmosphere.
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Table 2: Thermal properties of the PPS-2COOH/LGF/AlN and
PPS-2COOH/LGF/BN composites.

Samples Tm (°C) Tc (
°C) T5% (°C)

PPS-2COOH/LGF/BN (15) 281.3 242.2 580.5

PPS-2COOH/LGF/BN (20) 281.5 248.4 506.3

PPS-2COOH/LGF/AlN (15) 288.0 236.4 510.4

PPS-2COOH/LGF/AlN (20) 280.8 248.4 511.6

PPS-2COOH/LGF 283.3 242.1 509.6

PPS-2COOH 287.1 239.0 495.7

PPS 286.7 231.6 499.8
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2COOH/LGF showed optimal mechanical strength, which
proved that the improvement of mechanical properties of
composites was mainly due to the addition of LGF. In this
work, BN (similar to graphite layered structure) has a much
higher surface area. In return, resulting much higher
polymer-filler interaction compared to AlN particles [54,
55]. At the same time, the particle size, content, and distri-
bution of inorganic fillers will also affect the mechanical
properties of the composites [56]. This series of comprehen-
sive factors may lead to a better matrix-BN reinforcement
effect. In general, all composites had good mechanical
properties.

4.4. Morphology of Fracture Surfaces. To investigate the dis-
persion of all fillers in the PPS matrix, PPS-2COOH/LGF/
BN and PPS-2COOH/LGF/AlN were studied by SEM,
respectively. The SEM photos are shown in figure 4. AlN

had an irregular granular form (Figure 4(b)), and the shape
of BN was a sheet with a smooth surface (Figure 4(a)). The
AlN content of composites in Figures 4(c) and 4(d) was
15wt% and 20wt%, respectively. As can be observed, the
dispersion was quite uniform and the surface was rough,
suggesting that the combination worked well. The bright
spot in Figure 4(d) may be the AlN particle, which was con-
sistent with the EDS image (Figure 4(g)). As indicated by the
green border, the brighter part of Figure 4(d) coincided with
the yellow part of Figure 4(g). Figures 4(e) and 4(f) were
SEM images of composite materials which contained
15wt% and 20wt% BN, respectively. Both Figure 4(e) and
Figure 4(f) had holes, and the rod-like glass fibers could be
seen clearly from the EDS mapping, the fibers were adhered
tightly by the matrix. Figure 4(g) was a mapping diagram of
composite PPS-2COOH/LGF/AlN (20), and the results also
showed that fibers and particles had good dispersion proper-
ties in the matrix.

4.5. Thermal Conductivities of Composites. Figure 5 shows
the thermal conductivity (λ(W/mK)) of composites with dif-
ferent mass fractions of BN and AlN added. When only
25wt% LGF was added, there was no significant difference
in the λ(W/mK) value between the composites PPS-
2COOH/LGF and PPS-2COOH matrix. Under the same
packing load, the λ(W/mK) value of the PPS-2COOH/
LGF/BN(AlN) composite was higher than that of the PPS-
2COOH/LGF composite, indicating that the thermal con-
ductivity of composites mainly depends on the ceramic filler,
and the ceramic fillers BN and AlN were proved to have
excellent thermal conductivity [28, 57]. The values of the
thermal conductivity of PPS-2COOH/LGF/BN and PPS-
2COOH/LGF/AlN composites significantly increased with
an increase in ceramic filler content. This was primarily
because an increase in ceramic filler increased the likelihood
of effective contact and overlap between fillers and made it
simpler to form a continuous thermal conductivity network
and path in the system, improving the thermal conductivity
of the PPS-2COOH composite.

4.6. Thermal Properties. The thermal behavior of PPS, PPS-
2COOH, and composites was examined by DSC, as shown
in Figure 6 and Table 2. The melting point (Tm) of PPS-
COOH (287.1°C) was higher than that of pure PPS
(286.7°C), mainly because the introduction of carboxyl
group enhanced the interaction between copolymer molecu-
lar chains, and its influence on the increase of melting point
of copolymer might be higher than that of carboxyl group
which would destroy the law of molecular chains, resulting
in the increase of melting point of the copolymer. As shown
in Figure 6(b), the crystallization temperature (Tc) of the
composites were all higher than that of PPS-2COOH, indi-
cating that the crystallization process of PPS-2COOH resin
is directly affected by the inorganic filler acting as heteroge-
neous nucleating agent.

The TGA curves of PPS, PPS-2COOH, and composites
are shown in Figure 7. PPS exhibited strong thermal stability
and its loss temperature of 5wt% (T5%) was approximately
499.8°C, while the T5% of PPS-2COOH was about 495.7°C.
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Figure 8: Effect of ceramic filler content on the ε and tan δ value of
composites at a different frequency.

7Advances in Polymer Technology



This difference was mostly caused by the addition of the car-
boxyl group, which caused the polymer decarboxylation
reaction to take place at a lower temperature. The thermal
decomposition temperature of the composites with AlN
and BN was significantly increased, and the T5% of PPS-
2COOH/LGF/AlN (20) and PPS-2COOH/LGF/BN (20)
reached up to 511.6°C and 506.3°C, respectively. This indi-
cates that there is a certain molecular force between the
polymer molecular chain and the inorganic filler, which
makes it difficult to move, thus increasing the decomposition
temperature of the composite material. PPS-2COOH was
less likely to decompose at high temperatures because AlN
and BN have larger heat capacities and thermal conductivi-
ties than the PPS-2COOH chain, which can absorb heat
well. This outcome demonstrated that the filled PPS-
2COOH can be used as a thermal material in high-
temperature applications.

4.7. Dielectric Properties of Composites. Figure 8 shows the
dielectric constant (ε) and dielectric loss values (tan δ) of
composites with different mass fractions of BN and AlN
added at different test frequencies. After the introduction
of carboxyl groups, the dielectric constant of PPS increased
slightly, because the ε value of the polymer is determined
by the performance and arrangement of bonds in the back-
bone structure, and the more polar substituents, the greater
the dielectric constant and dielectric loss. As the filler con-
tent increased, the composite ε and tan δ values both
increase slightly. Due to the comparatively high dielectric
constant of aluminum nitride and the improved polarization
property of composites caused by the dipole interaction
between nearby particles, the parameters of composites with
AlN were greater than that of BN. The ε and tan δ of com-
posites decreased with increasing frequency, possibly
because dipoles in polymer samples tend to be oriented in
the direction of the applied electric field. However, after
increasing to a certain frequency, the dielectric characteris-

tics hardly change with the frequency increase, which may
be related to the direction of the dipole, which makes it dif-
ficult to rotate at high frequencies [58]. Overall, the results
showed that the composite material containing BN had a
low dielectric constant and could be used as a low-
dielectric material.

4.8. Solubility Analysis. As shown in Table 3, the solubility of
PPS-2COOH and its composites in different solvents was
tested. Table 3 shows that PPS-2COOH and its composites
are insoluble in any solvent at room temperature, which
proves the excellent solvent resistance of the composites.

5. Conclusions

In this study, PPS-2COOH containing carboxyl groups was
successfully prepared and applied to the preparation of two
composite materials. PPS-2COOH had a similar chemical
structure to PPS and maintained its excellent chemical resis-
tance. In composites, the filler BN and AlN filler were evenly
dispersed in the matrix. With the increases in BN/AlN con-
tent, the thermal conductivity of the composites increased
due to a continuous thermal conductivity network and path
in the system. In addition, all the composites PPS-2COOH/
LGF/BN(AlN) showed low dielectric constants and dielectric
losses, indicating they had application prospects in terms of
high thermal conductivity and low dielectric.
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Table 3: Solubility of PPS-2COOH and its composites.

Samples solvent
2.5% PPS-
2COOH

PPS-2COOH/LGF/
AlN (15)

PPS-2COOH/LGF/
AlN (20)

PPS-2COOH/LGF/
BN (15)

PPS-2COOH/LGF/
BN (20)

PPS-2COOH/
LGF/

DMF — — — — — —

Ethanol — — — — — —

DMAC — — — — — —

HCL — — — — — —

NMP — — — — — —

Dichloromethane — — — — — —

1mol/L NaOH — — — — — —

Tetrahydrofuran — — — — — —

Acetonitrile — — — — — —

Dichloroethane — — — — — —

Xylene — — — — — —

Aqua regia — — — — — —

-: insoluble.
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