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a b s t r a c t

Willow (Salix matsudana) bark is the bark of willow trees, it is rich in resources. Extracting these resources
becomes difficult due to the relative lack of systematic and in-depth analysis of the total chemical com-
position. Analysis was performed using TDS-GC/MS, TG, FTIR and PY-GC/MS techniques. Results and dis-
cussion: the extracts form volatile organic compounds are mainly included in the analysis of TDS-GC/MS,
such as, organic acids, exters, alcohols, etc. Extracts are rich in VOCs:1,2-Benzenedicarboxylic acid, bis(2-
methylpropyl) ester, its function is mainly as plasticizer. FTIR analysis are further confirmed, the ingre-
dients of total extracts include ethers, The treatment of total heat loss is divided into two distinct phases:
the first phase of 50 �C to 100 �C, the second phase of 150 �C to 250 �C, the sequence of quality loss is the
second and the first stage, important turning point temperature is 245 �C, with significant changes in
quality, for example, high polymer pyrolysis into small volatile molecules. In addition, various pyrolysis
VOCs have been analyzed by PY-GC/MS, And have good development space, such as, Carbamic acid,
monoammonium salt (4.80%), Glycolaldehyde dimer (4.04%), Catechol (0.44%). etc. Both of them have
good development prospects, including many new chemical components produced by the pyrolysis of
total extracts and residues, which is a new method to provide high quality applications.
� 2020 Published by Elsevier B.V. on behalf of King Saud University. This is anopen access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Salix matsudana koidz leaves large trees, Willow slender, soft
sagging, sexual hi wetlands, growing rapidly; bark tissue thick, lon-
gitudinal, old trunk center rotten and hollow, branchlets slender,
brown or green, branches glabrous; winter buds linear, dense in
branches, leaves alternate, linear-lanceolate; margin glandular ser-
rate, dark green on the surface, greenish white on both sides,
smooth and glabrous on both sides, with stipules; flowers in the
leaves, and the male inflorescence for the catkin, the fruit for the
capsule. About the introduction of the Ming Dynasty, so far more
than three hundred years of history. It is highly resistant to air pol-
lution and dust, and is suitable for growing in city gardens. Espe-
cially in pools or streams (Chen et al., 2018; Zhao, 2015), willow
trees rely on its unparalleled adaptability to make it one of the
most popular species of land in ancient China.
Willow bark is the name of the bark of willow, Willow bark is
used as a medicinal material, which has been recorded in both
ancient China and western countries. Because willow bark contains
natural salicylin, it is absorbed by enzymes into salicylic acid, a
natural painkiller (Cao, 1995). Before the Western modern phar-
maceutical technology is not popular, ‘‘Willow Bark Extract” is
the only pain medication. Because in ancient times, willow bark
was used in China to treat pain, fever and ventilation. So it is still
a common ingredient in over-the-counter drugs and belongs to
an herb. But the analysis of this paper has not been studied, willow
bark in the volatile organic compounds (VOC) of the total extract of
organic solvents after extraction of residues. The test willow bark
was analyzed, studies were carried out by TG, Py-GC/MS, TDS-GC
/MS and FTIR.
2. Materials and methods

2.1. Materials and reagents

Willow bark is manufactured by Jiangsu Nantong forging equip-
ment Co., Ltd. After drying under natural conditions, the willow
peel was crushed into powder with a fz102 grinder for use in the
factory (Tanjingtai Ins). Unless otherwise stated, the AS200 screen-
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ing instrument (USA) is used for treatment, and all reagents used
are purchased from Sigma Chemical (USA).

2.2. Methods

2.2.1. Analysis of VOCs by TDS-GC/MS
The TDS: transmission line temperature is 230 �C. The initial

temperature is 30 �C and maintained for 1 min, 10 �C/min to
100 �C for 5 min, and then 10 �C/min to 200 �C without retention.

GC: uses silica capillary column of 30 mm � 0.25 lm, incubated
at 50 �C. It then heats up to 250 �C at a rate of 8 �C/min and then to
300 �C at a rate of 5 �C/min. The flow rate of the column is 1.0 ml,
the shunt ratio is 20:1, and the carrier gas is high helium.

MS: qualitative, first set the ionization mode to EI, electron
energy 70 eV. Next, set the ion temperature to 230 �C and the
quadrupole temperature to 150 �C. The final quality range is 30–
600 M/Z, computer search WILY7n.1 (Jiang et al., 2017).

2.2.2. Analysis of residues extracted from willow bark by FTIR
First, the willow bark sample and its extract were dried at

100 �C for 4 h, and then placed in a drying container containing
desiccant to prevent moisture absorption and avoid influence.
Use the AS200 screening instrument (USA) to grind and screen a
certain amount of potassium bromide and place it in a dry pan. It
is then placed in a muffle furnace at 150 �C (with the SX-2.5–10
box controlled resistance furnace control box) for 5 h, and then
the lid is removed. 200 mg potassium bromide and surface smooth
agate mortar, were used to mix potassium bromide with 0.5–2 mg
samples and mortar quickly and completely, and then put them on
a pressing machine for pressing. The samples were measured in
Fourier transform infrared spectra from 400 cm�1 to 500 cm�1

(Shimadzu, IRAffinity-1) (Li et al., 2018).

2.2.3. Analysis of willow bark by TG
The thermogravimetric analysis was carried out by using ther-

mogravimetric analyzer (SDTQ600V20.5 Build 15) and empty cru-
cible clamp as a reference. The sensitivity of the thermogravimetric
analysis was 0.1 lg. And the temperature range of the control fur-
nace is 30 �C to 1000 �C. The accurate quality willow bark sample
(3.975 mg) was put into the TG crucible. The initial temperature
of TA is set to 30 �C and the temperature of 250 �C is 5 �C/min, car-
rier gas is high purity nitrogen of 100 ml/min.

2.2.4. The extracts and residues were analyzed by Py-GC/MS
Using an ISQ140420 gas chromatography-mass spectrometer

(GC/MS), the pyrolysis apparatus pyrolyzed up to 0.2 lL of the
extracted sample or 0.1 mg of the residue to PY-2020iS (Frontier
Co., Ltd., Japan), and then passed the GC/MS analysis of pyrolysis
Fig. 1. Shows the extraction of VOC ion chroma
products. GC/MS analysis was performed on an Agilent
5975C/6890N (Agilent Corp., USA) coupled to a mass spectrometric
selective detector. An elastic quartz capillary column (Agilent
Corp., USA) with a column of DB-5MS
(30 m � 0.25 mm � 0.25 lm) was used, the carrier gas was helium,
the flow rate of helium was 1.0 ml/min, and the inlet temperature
was 250 �C. Column lift conditions: from 50 �C to 300 �C at a rate of
10 �C/min, then split injection at a ratio of 30:1. Mass spectrometry
conditions: Scanning range of 35–550 AMU (m/z) scanning MS
program, ionization voltage of 70 eV, ionization current of 150
lA electron ionization (EI) (Peng et al., 2017; Mi et al., 2019).
3. Results and analysis

3.1. Analysis of VOC components in extracts of willow bark

The TDS-GC/MS chromatogram of the extract of ‘‘Willow bark”
VOC in the range of 50 �C–250 �C is shown in Fig. 1. It can be seen
that a total of 12 compounds were detected, and the extract had
two distinct peaks between 19.585 min and 25.344 min. In
19.585 min in essence is 1,2-Benzenedicarboxylic acid, bis (2-
methylpropyl) ester (content 59.04%), referred to as DIBP, chemical
formula for c16h22o4, it can be used as a plasticizer for cellulose
resin, vinyl resin, nitrile rubber and chlorinated rubber. (Wang,
2008) Plasticity and DBP similar, but the volatile and water pump-
ing than DBP, DBP can be used as a substitute, the goods have toxic
effects on crops, not suitable for agricultural PVC film. The goods
low toxicity, rat oral LD 50 20–25 g/kg (Sedha et al., 2015). Britain,
the Netherlands, the United States to allow the goods used in food
packaging materials, the United Kingdom provides in the PVC and
vinyl chloride copolymer food packaging products, the maximum
amount of the goods should not exceed 40%, DIBP for the main
plasticizer one. it can be used as a plasticizer for cellulose resin,
vinyl resin, nitrile rubber and chlorinated rubber. The plasticizer
is similar to DBP, and has excellent solubility, dispersibility and
adhesion. This product and the pigment can be good compatibility,
can be used for coloring film, leather and plastic products, this pro-
duct can also be used as natural rubber and synthetic rubber soft-
ener, can improve the resilience of the products can be used to
replace the DBP, but did not measure the material at 25.344 min
(Sun et al., 2013; Wang, 2008).

Among them, including Ethanol, 2- (2-butoxyethoxy) - (content
of 0.72%), can be used as diluent, stabilizer, and base inhibitor

(Bing et al., 2015); 2,2,4-Trimethyl-1,3-pentanediol diisobutyrate
(content of 1.24%), he can also be used as plasticizer

(Schwarzbauer et al., 2010); Ethanol, 2- (2-butoxyethoxy) -, acetate
(content of 6.28%), for high boiling solvent and latex
paint (Harutyunyan et al., 2005); Propanoic acid, 2-methyl-,
tograms from willow bark by TDS-GC/MS.
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3-hydroxy-2,2,4-trimethylpentyl ester (content of 1.98%), mainly
used as a coating agent, but also for gold, coal and other flotation
agent, but also available For plasticizer (Xian et al., 2006); Benzene,
1,2,3-trimethoxy-5- (2-propenyl) - (contentof 4.17%)wasmeasured
at 13.636 min and 15.211 min and itwasmainly used for anesthesia
(Naher et al., 2013); Dimethyl phthalate (content 1.35%), used as a
cellulose acetate plasticizer, insect repellent and polyvinyl fluoride
paint solvent, it is an intermediate of the rodenticide and is also an
important solvent. It also has good film formation and water resis-
tance. Cellulose acetate film, varnish, transparent paper and mold-
ing powder can be used in conjunction with diethyl phthalate. The
product can also be used as plasticizer nitrile rubber and a small
amount in the production of nitrocellulose.Mixedwith other plasti-
cizers, it can overcome the shortcomings of volatility and low tem-
perature crystallization. can also be used as a mosquito oil (crude
oil) and DDT solvent and gas chromatography fixative, toughening
agent, highboiling solvent, plasticizer, gas chromatographic fixation
(themaximumtemperatureof122 �C, solvent ether), separationand
analysis Hydrocarbons and esters (Gooch, 2011); Phthalic acid, hex-
3-yl isobutyl ester (content of 1.01%) and 1,2-Benzenedicarboxylic
acid, butyl 2-methylpropyl ester (content of 1.13%), but only the
chemical formula and chemical structure are now measured, and
its functional characteristics are worth We will carry out in-depth
study.
3.2. Changes of chemical tissue and residual characteristics of willow
bark

Fourier transform infrared spectroscopy (FTIR) is a fast detec-
tion technique. It has high sensitivity and is suitable for the iden-
tification of chemical bonds and functional groups of various
compounds (Li et al., 2017). In this experiment, the changes of
the COSC and extracted residues’ chemical groups were shown in
Fig. 2, and the overall trend of the absorption peak of COSC and
the extracted residues in the range from 4000 cm�1 to 400 cm�1

did not change significantly except the minority, and the absorp-
tion peak mainly occurred from 1742 cm�1 to 1058 cm�1. As
shown in Fig. 2 in this experiment, the extraction of other residual
chemical organic matter, the change of total absorption peak and
extracted residue from 4000 cm�1 to 500 cm�1 was not obvious,
except for a few range, and the absorption peak mainly appeared
between 1740 cm�1 to 1056 cm�1 (Lui et al., 2013).

As can be seen from Fig. 2, it shows a total of 21 absorption
peaks. First of all, there is a strong absorption peak at 636 cm�1,
Fig. 2. Infrared spectra of VOC extractives from Wllow Bark.
for the CAH bond, which is consistent with the results of TDS-
GC/MS. However, the structure of aromatic compounds is complex,
and a large number of absorption peaks overlap in the range of
900 cm�1, which will affect the determination of chemical struc-
ture reliability. In the 1740 cm�1 peak corresponding to the C@O
bond ester compounds, at the same time there is C-O stretching
vibration between 1056 cm�1 and 1250 cm�1 peaks to verify the
production of ester compounds at one time; the 1647 cm�1 peak
corresponds to the bending vibration of the NAH bond, thereby
obtaining an amide compound. 3672 cm�1 and 3344 cm�1 two
peaks with OAH-based stretching vibration, alcohol and phenolic
compounds produced; 2926 cm�1 and 2860 cm�1 have two peaks
with saturated CAH stretching vibration; 1516 cm�1 and
1541 cm�1 peaks proved that the C@C stretching vibration of
mononuclear aromatic hydrocarbons, so there are aromatic com-
pounds; the peaks at 1454 cm-to 1377 cm�1 demonstrate the
bending vibration of ACH2 and ACH3; in the 1056 cm�1 peak cor-
responds to the CAOAC bond asymmetric stretching vibration, the
generation of ether compounds; 889 cm�1 peak corresponds to the
R2C@CH2 bond and the 825 cm�1 peak corresponds to the R2-
C@CHR bond. The C@O stretching vibration of the aldehyde com-
pound corresponds to a peak at 2860 cm�1 and the latter two are
overlapping peaks. The peak corresponding to the nitrogen-
containing heterocyclic compound is 779 cm�1 (Mathi et al., 2016).

In addition, the general strong exponential vibration C„C is
substituted between 2150 cm�1-2100 cm�1, however, it is
observed from the known infrared absorption peaks in this range.
Thus, it can be said that the instability of certain chemical bonds of
VOC and condensation that occur under the high temperature con-
ditions of the C„C bond should not be included. In addition, the
chemical structure of VOCs in gas chromatography/mass spec-
trometry is consistent with that of IR spectra, further demonstrat-
ing that the extracts are ethers, amides, esters, alcohols and the like
(Min et al., 2018; Shen et al., 2017)

3.3. Analysis of fluctuation characteristics of willow bark by thermal
stability

Willow bark quality changes from 30 �C to 600 �C as show in
Fig. 3. The total heat loss is divided into two distinct phases: the
first stage of the loss from 50 �C to 100 �C, the temperature at
which the mass remains at 3.95 mg is 100 �C, which is due to the
loss of a small amount of water and volatile matter released by
evaporation. The second phase begins at 150 �C until the quality
of 250 �C is reduced to 3.56 mg (10.31%). There is a slight loss of
Fig. 3. heat curve of Wllow Bark.
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quality that should be further contraction caused by intermolecu-
lar. According to the DTG curve, the mass loss rate was observed
directly, the order is: the second stage, the first stage, and there
is a critical temperature of the turning point in the whole process
of the total mass of these temperatures have undergone significant
changes. This may lead to significant chemical changes in the com-
pounds. For example, macromolecules break down to form volatile
small molecules. Therefore, these data temperature points provide
a theoretical basis for total thermogravimetric measurement
(Lourençon et al., 2015).
3.4. The characterization of the pyrolyzed matter of the residue

As shown in Fig. 4, a total of 50 compounds were detected by
the PY-GC/MS method for the total pyrolysis of the total extract
at 250 �C. For example, the peak at 4.09 min corresponds to Car-
bamic acid, monoammonium salt, used as an intermediate for
phosphide, and also for pharmaceuticals and aminating agents
(Wang et al., 2016); the corresponding peaks at 19.72 min is Phe-
nol, 2-methoxy-(Lee et al., 2014), used in pharmaceuticals, dyes
and perfume intermediates, and can also be used for dye synthesis
and analysis reagents, As well as in medicine for the manufacture
of calcium guaiacosulfonate and perfume industry used to make
vanillin and artificial musk, test copper, hydrocyanic acid and
nitrite. 8.73 min corresponding to the peak Furfural, mainly used
as industrial solvents and the preparation of furfuryl alcohol, furoic
acid, tetrahydrofuran, c-valerolactone, pyrrole, tetrahydropyrrole
and so on, can also be used as analytical reagents, organic synthesis
of raw materials for tanning leather and so on; another 17.12 min
corresponds to the peak 2-Cyclopenten-1-one, 2-hydroxy-3-
methyl-9 (Ren et al, 2016), used as a fragrance and sweetness
enhancer; 19.17 min corresponding p-Cresol, the central nervous
system has a toxic effect, severe death, LD501800 mg/kg (rat, oral).
But as a spice can be safely used in food (FDA, § 172.515, 2000), GB
2760--1996 provides for the use of edible spices and fungicides,
fungicides, organic synthesis; 25.97 min corresponds to the peak
of the compound is Catechol, it is an important chemical interme-
diate, which can be used in the manufacture of rubber curing
agent, electroplating additive, skin preservative and analytical
reagent, etc. It is also an intermediate of fungicides, methicillin,
insecticides and carbofuran, not only that can also be used as an
important pharmaceutical intermediate, used to make berberine
and isoproterenol and so on. But there is a kind of extract Glyco-
laldehyde dimer, accounting for a higher proportion but has not
yet found any effect, to be we continue to study.

Through the PY-GC/MS method, the extract contains organic
acids, alcohols, ketones, phenols and esters, etc., through the ther-
mal gradient of the temperature gradient, the application of the
extract will be expanded, it should be Its high quality and high effi-
ciency to provide scientific basis.
4. Conclusion and discussion

By GC/MS most of the volatile organic compounds, such as 1,2-
Benzenedicarboxylic acid, bis (2-methylpropyl) ester extract rich,
themain function can beused as plasticizer. In addition, various ben-
eficial volatile organic compounds, Ethanol, 2- (2-butoxyethoxy) -,
acetate; Propanoic acid; Benzene, 1,2,3-trimethoxy-5- (2-propenyl)
-; Dimethyl phthalate; Benzene, 1,2,3-trimethoxy-5- (2-propenyl) -
2,2,4-Trimethyl-1,3-pentanediol diisobutyrate and Cedrol have a
good use and development prospects.

FTIR results further confirmed that the total sample group
structure and extracted residues were consistent with the chemical
structure detected by TD-GC/MS, indicating that the willow bark
contains etherics, organic acids, esters, alcohols and so on, which
can be used for research. The total heat loss is two distinct stages:
the first stage 50�Cto 100 �C, the second stage 150 �C to 250 �C, the
mass loss is the second stage, the first stage. Throughout the exper-
iment, the DTG curve reached a maximum of 245�Cto form a max-
imum value at a critical turning point of 245 �C, at this time the
total mass of the temperature has undergone significant changes,
this may be due to significant chemical changes that cleave large
molecules and volatilize.

Further study the total mass loss treatment and high tempera-
ture pyrolysis composition changes, the results showed that the
extracts contained different organic acids, alcohols, esters, ketones,
amines, aldehydes and so on, many of which can be used for food
spices, and some can be used as medicine or pesticide intermedi-
ates, organic synthesis, important chemical intermediates and ana-
lytical reagents, so we have to study the use of the future there is a
lot of room for development.
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