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H P L C  -  V W D  
NR. 1339:  AGILENT SERIES 1100/1200 

GENERAL  

In this report the performance of the HPLC system, of combined Agilent Series 1100 and 1200 
instrument modules, was investigated. The system consisted of a degasser, quaternary pump, 
autosampler, column oven compartment, a variable wavelength detector (VWD) and a PC with 
Chemstation software. 
 
Table 1: System specifications 

Module Series Model Serial number 
Degasser 1100 G1322A JP73023491 

Quaternary pump  1100 G1311A DE03011461 

Autosampler ALS 1100 G1313A DE03012530 

Column oven compartment 1100 G1316A DE03015830 

Variable wavelength detector (VWD) 1200 G1314B DE71362174 

 
The Chemstation software package contains several diagnostic tests to check the operational 
performance of the instrument modules (OQ tests). For some instrument modules, the main 
diagnosis tests were conducted. In case a test failed, the cause was investigated and the problem 
was solved. The diagnosis test phase was finalized when all tests generate the qualification “passed”. 
Afterwards the system performance was further tested in practice. Therefore, our test application 
to Gallic Acid by HPLC-VWD was used (PQ tests).  
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DIAGNOSTIC TESTS (OQ TESTS)  

The main diagnostic tests for the quaternary pump, column oven and VWD detector were 
conducted to check the operational performance of the individual instrument modules. The results 
are presented in this chapter. The operational characteristics of the autosampler and degasser were 
also checked. The autosampler was able to navigate to all positions and pick and drop vials. The 
degasser can achieve sufficient vacuum in the vacuum degasser, to show it is in a ready condition.  

 

PRESSURE TEST 

The pressure test was conducted for the quaternary pump up to a final pressure of 390 bar using 
isopropanol as test solvent. The test evaluates the pressure tightness of the system. The test was 
passed which indicates that the pump and connected tubing are in a good condition. The results 
are shown in Figure 1 and Table 2 below. 

 
Figure 1: Pressure ramp and pressure drop of the quaternary pump. 
 

 

Table 2: Results of the pressure test.  
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THERMOSTAT TEST 

The heating and cooling efficiency of the two Peltier elements of the column oven compartment 
were evaluated with the thermostat test. The results (Figure 2 and Table 3) show that the test 
passed, and the module meets the requirements.  

 
Figure 2: Cooling and heating rate for the left and right Peltier element of the column oven.  
 
 
Table 3: Results of the thermostat test. 

 
 
 
 

INTENSITY TEST 

The performance of the deuterium lamp over the full VWD wavelength range (190 - 600 nm) was 
determined with the intensity test. The flow cell was also checked for dirty or contaminated 
windows. The detector has passed the test, the results of the scan are represented in Figure 3 and 
Table 4.  
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Figure 3: Intensity spectrum of the VWD detector. 
 

 

Table 4: Results of the intensity test.  

 
 
 
 

HOLIUM SPECTRUM 

To verify the calibration of the detector, the holium oxide test was performed. The wavelengths 
were evaluated against the three wavelength maxima of the built- in holmium oxide filter. The 
difference between the expected and measure maxima are displayed in Figure 4 and Table 5.  

 
Figure 4: Holium spectrum of the VWD detector. 
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Table 5: Results of the Holium spectrum.  
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SYSTEM PERFORMANCE  

The performance characteristics linearity, repeatability, limit of detection, carryover effect, 
injection volume and pressure ripple were determined using a standard Gallic acid test method. 
The main details of the method, the solutions and the criteria are presented below. 
 
 

METHOD 

The following liquid chromatographic conditions were applied: 

- HPLC column         : Atlantis dC18, 3 µm particles, 3.0 x 150 mm column 
- Mobile phase A   :  95% MilliQ water/5% Methanol/0.1% TFA (v/v/v) 
-  Mobile phase B   : 80% Methanol/20% MilliQ water/0.1% TFA (v/v/v) 
- Flow     :  0,75 ml/min 
- Injection volume  :  20 µl  
- VWD detector   :  Wavelength 271 nm 
- Column temperature       :  40 °C 
- Quantification         :  External calibration, based on peak areas/response factors 
-  Gradient    : T0   min  - 100%   A - 0%  B 
         T7   min  - 100%   A - 0%  B    
        T11 min  - 85% A - 15% B 
        T11,5 min  - 5%   A -  95% B 
        T11,51 min  - 100% A - 0%  B 

 
 

SOLUTIONS 

Calibration standards were prepared using a stock solution containing 1000 ppm Gallic acid in 
methanol. The stock solution was diluted with a reconstitution solvent that contained 78% 
MilliQ water, 20% methanol and 2% formic acid (v/v/v) to reach the desired range of standard 
solutions. The calibration standards contained Gallic acid in the range of 0,36 to 25,0 ppm. 
 
 

CRITERIA 

The acceptance criterion for the correlation coefficient is 0,999. The acceptance criterion for the 
relative standard deviation is 5,0%. There is no criterion for the limit of detection (LoD), the LoD 
is defined as 3x noise level. The carryover effect is acceptable if it is less than 2%. The maximum 
acceptable deviation of the injection volume is 5%. The pressure ripple is acceptable when it 
deviates less then 1%.  
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LINEARITY 

The linearity was determined by measuring 5 calibration standard solutions in the range of 0,36 to 
25 ppm. The five-point calibration curve of Gallic acid standard solutions was recorded with a 
VWD detector. The results of the analysis are shown in Figure 5 and Table 6 below. The 
correlation coefficient of 1 comply with the specified acceptance criterion of r > 0,999.  

 

Figure 5: Graph of the five-point calibration curve with the VWD detector. 
 
 
Table 6: Results of the five-point calibration curve. 

Concentration (ppm) Area (mAU) 

0,36 21,1021 

1,5 110,522 

3 233,090 

6 497,536 

25 2129,02 

 
 
 

REPEATABILITY 

The repeatability was determined for the mid calibration standard with a concentration of 3 ppm 
gallic acid. The results are presented in Table 7. The relative standard deviation is within the 
acceptance criterion of 5,0% and therefore acceptable. 
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Table 7: Repeatability of the mid calibration standard. 

Number Area (mAU) 

3.1 238,384 

3.2 236,426 

3.3 238,728 

3.4 236,715 

3.5 239,443 

3.6 236,016 

Average 237,62 

STD 1,14 

RSD 0,59% 

 
 
 

LIMIT OF DETECTION 

The detection limit was derived from the peak height of lowest calibration standard and the 
height of the noise. The calculations and the obtained LoD of gallic acid are shown in the table 
below.  

Table 8: Limit of detection for gallic acid.  

 VWD detector 

Height noise (H1) 0,0165 mAU 

Peak height lowest calibration standard (H2) 2,2 mAU 

Concentration lowest calibration standard (C) 0,36 ppm 

LoD ((3*H1)/H2*C) 0,0081 ppm 

 
 
 

CARRYOVER EFFECT 

The carryover effect of the method was determined based on the peak height of the sample when 
a blank solvent was injected directly after the highest calibration standard. The results (Table 9) 
show a carryover effect of less than 2% and is therefore acceptable.    
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Table 9: Carryover effect of the method.  

 VWD detector 

Peak height blank (H3) 0,017 mAU 

Peak height highest calibration standard (H4) 232,200 mAU 

Carryover effect (H3/H4*100%) 0,007% 

 
 
 

INJECTION VOLUME 

The injection volume accuracy of the autosampler was established based on two injections. The 
peak areas of two samples, with respectively concentrations of 1,5 and 6 ppm and injection 
volumes of 20 µl and 5 µl, were compared. The relative standard deviation of the injection 
volume is 4,3% and is therefore acceptable. The results are shown in Table 10. 

Table 10: Accuracy of the injection volume.  

 VWD detector 

Peak area 20 µl, 1,5 ppm solution 112,48 mAU 

Peak area 5 µl, 6 ppm solution 117,381 mAU 

Standard deviation (STD) 4,901 mAU 

Relative standard deviation (RSD) 4,3% 

 
 
 

PRESSURE RIPPLE 

The performance of the pump was assessed by determining the stability of the pressure in 
operation. The pressure ripple may have a maximum deviation of 1%. As shown in Figure 6 and 
Table 11, the pressure ripple for this method is 0,39%. 

 
 
 

Figure 6: Display of pressure ripple during a run. 
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Table 11: Pressure ripple.   

 Pressure 

Highest pressure 170,49 bar 

Lowest pressure 169,82 bar 

Standard deviation (STD) 0,67 bar 

Relative standard deviation (RSD) 0,39% 
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CONCLUSION  

The system passed the performed diagnostic tests and meets all the stated criteria for system 
performance. The system is therefore in a good state and ready to use.  
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