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Introduction
Vinyl acetate is a colorless, organic compound 

which is an important raw material for the chemical industry, such as for the synthesis of 
polyvinyl acetate. Vinyl acetate can be synthesized by the addition reaction of acetic acid 
and acetylene or the direct oxidation reaction of ethylene and acetic acid by oxygen. The 
purity of vinyl acetate influences the yield of target product and high-purity raw materials 
can reduce the occurrence of unwanted side reactions. It is necessary to determine the 
organic impurities in vinyl acetate for industrial use. 

Standard Specification for Vinyl Acetate, ASTM D2190-07 regulates distillation 
range, apparent specific gravity, Pt-Co scale color (for HQ grade only), water content, 
acetaldehyde content, acidity (weight percentage of acetic acid), and inhibitor 
content. The sampling and test methods to determine conformance to the specified 
properties are also given in ASTM D2190-07.1 A petrochemical industry standard 
for the determination for purity and organic impurity of industrial vinyl acetate China 
Industry Standard SH/T 1628.2-1996, provides a gas chromatography (GC) method 
for determination of purity of industrial vinyl acetate and organic impurity content.2

The organic impurities include acetaldehyde, acetone, methyl acetate, ethyl acetate, 
butylene, and benzene. The purpose of this application note is to validate method 
development for a petrochemical customer located in the APAC region.
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BTEX is the abbreviation for benzene, toluene, ethylbenzene 
and xylene. Toluene, ethylbenzene and xylene are homolog of 
benzene and have similar chemical properties with benzene. 
They are derived from petroleum hydrocarbons and exist almost 
everywhere. It's necessary to add toluene, ethylbenzene and 
xylene into the organic impurity list of industrial vinyl acetate, in 
order to improve the purity of industrial vinyl acetate.

In this study, a method of determining benzene, toluene, 
ethylbenzene, o-xylene, m-xylene and p-xylene (BTEX) in 
industrial vinyl acetate using a PerkinElmer Clarus® SQ 8  
GC/MS is introduced. Results indicate that this method is 
simple, efficient and reliable.  

Experimental 
Instrumentation

A PerkinElmer Clarus GC was connected to a PerkinElmer  
Clarus SQ 8 MS using electron ionization (EI). BETX is 
challenging to separate on non-polar columns therefore a 
PerkinElmer Elite-WAX capillary column (30 m x 0.25 mm x 0.25 
μm) (Part No. N9316403) was chosen due to the known high 
selectivity for the targeted compounds.

Standard/Sample Preparation 
The calibration standard was purchased from Sinopharm 
Chemical Reagent Co., Ltd as a mixture of the 6 targeted 
analytes at 100 mg/L. Vinyl acetate (purity≥99.8%) was used 
as the diluent to produce a range of concentrations required 
for the analyses. The detailed steps are as follows. Place a 50 
mL volumetric flask on the balance and record the weight of 
the flask. Transfer 0.5 mL of the calibration standard into the 
volumetric flask by a pipette. Add about 49.5 g of vinyl acetate 
into the volumetric flask as the standard stock solution. 
Record the total weight of the flask, calibration standard and 
solvent. Calibrate the concentration of the standard stock 
solution. Then transfer the standard stock solution into a GC 
vial and dilute it with vinyl acetate according to the volume of 
the standard stock solution and vinyl acetate listed in Table 2 
to obtain the calibration solution.

Three industrial vinyl acetate samples were obtained from a 
manufacturer and precision of this method was investigated 
with six injections of the samples. 

Calibration
Two calibration curves, low and high were prepared by 
diluting the standard stock solution to the concentrations with 
vinyl acetate according to the volume of the standard stock 
solution and vinyl acetate shown in Table 2.

GC Parameters

Injector Type
Capillary injector with a 4 mm  
glass liner without wool (N6502040)

Analytical Column Elite-WAX (30 m x 0.25mm x 0.25 µm)

Inlet Temp 200 °C

Injection Volume 1 μL

Carrier gas Flow Rate 1.0 mL/min

Split Ratio 10:1

Initial Oven Temp 40 °C

Oven Hold 4.0 min

Ramp 20 °C/min

2nd Oven Temp 150 °C

Oven Hold 1 min

MS Parameters
Mass Range (amu) 40 to 300

GC Inlet Line Temp 200 °C

Ion Source Temp 180 °C

Function Type SIFI

Ionization EI

Table 1: Analytical parameters. 

Calibration Curve
Low High

Volume of 
standard stock 

solution

Volume of 
vinyl acetate

Volume of 
standard stock 

solution

Volume of  
vinyl acetate

1 25 µL 975 µL 125 µL 875 µL

2 50 µL 950 µL 300 µL 700 µL

3 75 µL 925 µL 500 µL 500 µL

4 100 µL 900 µL 750 µL 250 µL

5 125 µL 875 µL 1000 µL 0 µL

Table 2: Calibration points employed in this study.
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Results and Discussion
Baseline resolution of all six BETX components using the Elite-
WAX is shown in Figure 1. Each calibration solution was run 
twice. The calibration curves were plotted as the average peak 
area for each calibration solution versus concentration. Due to 
the actual samples having different concentration for BTEX in 
industrial vinyl acetate, two calibration ranges were developed in 
this study to fit on different samples. Table 3 and 4 summarizes 
the results for retention time (RT), quantitation ion, method 
dynamic range and signal to noise at the reporting limit. 

Figure 1: The selected ion chromatogram of a 1.000 mg/kg BTEX standard.

The curves r2 was over 0.998, showing the reliability of the 
analysis across the calibration range. Figure 2 shows the 
calibration curve for toluene at low concentration range. The 
concentration and peak area are shown in Table 5. The resulting 
signal to noise (S/N) at the reporting limit was calculated using 
the selected ion chromatogram. Concentration of BTEX in three 
samples were determined and shown in Table 6. The precision 
data (RSD%) was in the range of 0.12-4.05%.

Figure 1: The selected ion chromatogram of a 1.000 mg/kg BTEX standard.

RT Compound Name Quantitation Ion Qualitative Ion

5.31 Benzene 78 51

 6.78 Toluene 91 51

 7.85 Ethylbenzene 91 106

 7.93 p-Xylene 91 106

 8.01 m-Xylene 91 106

 8.48 o-Xylene 91 106

Table 3: The selected ion chromatogram of a 1.000 mg/kg BTEX standard.
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Compound  
Name

Calibration range 
(mg/kg) Slope Intercept r2 Calibration 

range (mg/kg) Slope Intercept r2 (S/N at  
0.025 mg/kg)

Benzene 0.0217-0.120 7331.3 -6.1765 0.9984 0.120-1.000 6960.1 41.964 0.9999 90.49

Toluene 0.0217-0.120 7788.0 36.963 0.9997 0.0217-0.120 7526.1 70.192 0.9999 38.59

Ethylbenzene 0.0217-0.120 9578.4 30.710 0.9989 0.0217-0.120 9445.1 38.307 0.9998 45.45

p-Xylene 0.0217-0.120 7563.1 37.744 0.9988 0.0217-0.120 7421.7 33.279 0.9998 35.08

m-Xylene 0.0217-0.120 7433.3 44.772 0.9990 0.0217-0.120 7515.3 25.809 0.9999 42.74

Table 4: Results for method dynamic range and signal to noise (S/N) at the reporting limit.

Compound Name
Sample 1 Sample 2 Sample 3

Concentration 
(mg/kg) RSD% Concentration 

(mg/kg) RSD% Concentration 
(mg/kg) RSD%

Benzene 0.055 3.95 0.135 0.96 0.280 0.67

Toluene 0.038 2.86 0.135 1.55 0.364 2.23

Ethylbenzene 0.048 4.05 0.146 1.39 0.417 0.32

p-Xylene 0.068 2.40 0.184 1.17 0.533 0.29

m-Xylene 0.085 1.97 0.212 1.49 0.640 0.47

o-Xylene 0.104 3.77 0.248 0.60 0.736 0.12

Table 5: The concentration and peak area for Toluene at low concentration range.

Concentration of Toluene (mg/kg)
Peak Area

Area 1 Area 2 Average Area RSD (%)

0.0217 196 203 199.5 3.51

0.0474 403 420 411.5 4.13

0.0710 604 584 594 -3.37

0.0956 768 800 784 4.08

0.1196 964 963 963.5 -0.10

Table 6: 
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Summary
In this study, the analysis of 6 BTEX chemicals in industrial vinyl 
acetate was performed easily by the PerkinElmer Clarus SQ 8 
GC/MS system. This method demonstrates results with excellent 
linearity/precision for BTEX analysis.
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