
1 experiments
1.1 equipments
HP6890A Gas Chromatograph, Hydrogen flame ionization detector(FID), ZB-2020 Chromatography data

processing workstation, One ten-thousandth Analytical Balances.
1.2 chemiclas
Citraconic anhydride purity 98%min, Maleic anhydride:Analytical purity, Ethyl acetate :Analytical purity,
o-Xylene :Analytical purity, N,N-Dimethylformamide :Analytical purity.
1.3 Chromatographic conditions
SE-54 Column: 50m *0.53mm*1.00μm; Vaporization chamber temperature: 255℃; Detector temperature:
270℃ ; Column temperature: program temperature, initial temperature 70℃ , hold 2min, temperature
gradient 20℃/min, final temperature 250℃, hold 2min; carrier gas: nitrogen; column pressure: 65kPa; 0.5
μL injection needle; injection method: manual injection.
1.4 Steps
Under the above chromatographic conditions, qualitative analysis was performed by the retention time of
each substance. Inject the citraconic acid anhydride sample 0.1μL, gas chromatography shown in Figure 1:

As can be seen from Figure 1, each group of peak separation effect is good, peak-symmetrical, and after
repeated measurements, good reproducibility, easy operation and speed.
2 Experimental results and analysis
2.1 Qualitative analysis
Inject analytical purity Citraconic anhydride, Maleic anhydride(soluded in Ethyl acetate), Ethyl acetate,
o-Xylene, N,N-Dimethylformamide, each 0.1μL, According to their respective retention time, the samples



were qualitatively analyzed. The retention time of each sample is shown in the figure below:

2.2 Quantitative analysis
2.2.1 Determination of the calibration curve
Because the response values of different substances on the detector are different, the data measured
according to the area normalization method will be biased. Consider using the internal standard method to
draw the relative calibration factor standard curve. According to the selection principle of the internal
standard, maleic anhydride is only one methyl group less than citraconic anhydride in structure, and can be
selected as an internal standard. Ethyl acetate is used as the internal standard solvent.
The content of citraconic acid anhydride was in the range of 0%-90% without the detection of internal
standard substance. If 2g sample is assumed to be selected, then the points of the standard curve are
selected as 10%, 20%, 30%, 40%, 50%. , 60%, 70%, 80% and 90%. Relative correction factor calculation
formula:

In the formula, is citraconic acid anhydride area, is maleic anhydride area, is Maleic

anhydride quality, is citraconic acid anhydride quality.

The specific data is shown in the figure below:



Based on the above data, except for the lower mass fraction (10%), the response factors for the remaining
mass fractions are essentially flat, ie, the mass fraction has little effect on the relative correction factor of
citraconic anhydride.
2.2.2 Product Analysis Results
The gas chromatogram of reaction sample PK52-6 is shown below:



Citraconic anhydride mass fraction formula:

In the formula, is citraconic acid anhydride area, is maleic anhydride area, is Maleic

anhydride quality, is sample quality. is correction factor.

According to the above figure, the mass fraction of the reaction product citraconic anhydride is calculated to be 57.99%

2.2.3 Selection of column analysis conditions

Because of the different degrees of detection under different conditions of the separation will be very different. The column

temperature is constant at 250℃, and the spectrum of the column temperature from 70℃ to 20℃/min to 250℃ is shown in Fig.

3 and Fig. 4, respectively. It can be seen from Fig. 3 and Fig. 4 that the degree of spectral resolution obtained by program

temperature rise is OK, so choose a program to heat up the sample for analysis.



2.3.4 Measurement of method accuracy and reproducibility
In order to verify the accuracy of the response factor, a standard solution with a mass fraction of 10% to 90%
(mass gradient of 10%) was used to determine the mass fraction and calculate the gas chromatographic
recovery rate:

In the formula, is citraconic acid anhydride area, is maleic anhydride area, is Maleic

anhydride quality, is citraconic acid anhydride quality. is correction factor.

The recovery data is shown in the figure below：



As the above table shows, the recovery rate is between 97% and 103%, so the measurement accuracy of the
response factor is relatively high.
To verify the reproducibility of the method, the same product (pk52-6) was measured five times as described
above. The results are shown in the following table:

As can be seen from the above table, the relative standard deviation of the test is 1.491%, and the
reproducibility is good.

3 Conclusion
The maleic anhydride was selected as the internal standard. The reaction liquid of citraconic anhydride was
analyzed by temperature-elevated gas chromatography using SE-54 capillary column procedure. The results
showed that the method had high resolution and good peak shape. After verification, the method was
validated. The reproducibility and accuracy of the measurement results are high and can meet the
requirements of scientific research production.


