
APPNOTE

Fred D. Foster1, John R. Stuff1

Automated Calibration Standard Preparation 
using the MAESTRO Software Calibration 
Standard Wizard

1GERSTEL, Inc. 701 Digital Drive, Suite J Linthicum, MD 21090, USA

Keywords
Sample Preparation, High Throughput Lab Automation, 

LC-MS/MS, Method Calibration.

Abstract
Preparation of calibration standards and quality control samples 

are critical tasks in chemical analysis. The accurate and precise 

transfer of liquid standards and solutions is critical for ensuring 

the validity of analytical results. Automating the accurate transfer 

of liquid standards and solutions helps to improve the quality of 

the analytical procedure while freeing the analyst from performing 

tedious and repetitive manual tasks.

GERSTEL MAESTRO software provides unsurpassed fl exibility 

for sample preparation, method development and analytical ef-

fi ciency. The software operates all GERSTEL modules and system 

solutions used with the MultiPurpose Sampler (MPS) in a simple 

and effi cient manner. MAESTRO can be operated as stand-alone 

software or integrated into a variety of laboratory chromatography 

data systems. The method used to prepare calibration standards 

can be quickly setup using the Calibration Standard Wizard avail-

able in the MAESTRO software.

Introduction
The Calibration Standard Wizard available with the MAESTRO 

software enables users to automate the creation of Prep Sequenc-

es that will prepare calibration curves based on a few pieces of 

information such as the required concentrations of the calibra-

tion curve standards to be prepared, the required fi nal volume 

of each standard, whether to add an internal standard to each 

calibration standard, and where the necessary solutions are locat-

ed on the GERSTEL MultiPurpose (MPS) robotic autosampler. The 

Calibration Standard Wizard will automatically generate the Prep 

Sequence, selecting the correct syringe size to use from those 

available on the MPS, and setting up the appropriate commands 

to move and mix the vials, if selected.

In this study, replicate calibration curves were generated using 

the Calibration Standard Wizard and the MPS robotic sampler 

to prepare the associated standards followed by injection to an 

LC-MS/MS system. Calibration curves were prepared for a variety 

of analyte classes including synthetic cathinones, hormones, and 

pesticides. Accuracy and precision of the calibration curves were 

subsequently evaluated.
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Experimental
Materials

All stock solutions for the synthetic cathinone compounds were 

purchased from Cerilliant. An intermediate analyte stock solution 

containing the synthetic cathinone compounds monitored was 

prepared in acetonitrile at a concentration of 10.0 µg/mL. Deuter-

ated analogues, D3-mephedrone and D8-methylenedioxypyrova-

lerone (MDPV) were purchased from Cerilliant. An internal stan-

dard stock solution containing the deuterated internal standards 

was prepared in methanol at a concentration of 10.0 µg/mL.

A reference standard containing testosterone, androstenedione, 

17β-estradiol, 17α-ethynylestradiol, estrone, and equilin was pur-

chased from Restek®. An intermediate stock solution containing 

all hormone compounds monitored was prepared in methanol 

at a concentration of 10.0 µg/mL. Deuterated internal standards 

D3-testosterone and D5-17β-estradiol were purchased from Ceril-

liant. An internal standard stock solution containing the deuterat-

ed internal standards was prepared in methanol at a concentration 

of 10.0 µg/mL.

Pesticide stock solutions were obtained from Restek. An interme-

diate stock solution containing all pesticides monitored was pre-

pared by combining the appropriate volumes of each pesticide 

stock solution to give a fi nal concentration of 2.0 µg/mL.

Sample Preparation

Synthetic Cathinone Calibration Curves

Stock and working internal standard solutions were prepared in 2 

mL vials and placed onto the MPS. A diluent solution consisting 

of (90:10) 0.1% formic acid in water:acetonitrile was placed into a 

solvent reservoir on the MPS. An agitator option was confi gured 

with the system for use in mixing the calibration standard samples. 

Corresponding vials for any necessary intermediate stocks were 

placed into their respective positions on the MPS.

Hormone Calibration Curves

Stock and working internal standard solutions were prepared in 2 

mL vials and placed onto the MPS. A diluent solution consisting 

of 100% methanol was placed into a solvent reservoir on the MPS. 

An agitator option was confi gured with the system for use in mix-

ing the calibration standard samples. Corresponding vials for any 

necessary intermediate stocks were placed into their respective 

positions on the MPS.

Pesticide Calibration Curves

Stock standard solution was prepared in 2 mL vials and placed 

onto the MPS. A diluent solution consisting of 100% acetonitrile 

was placed into a solvent reservoir on the MPS. An agitator option 

was confi gured with the system for use in mixing the calibration 

standard samples. Corresponding vials for any necessary interme-

diate stock solutions were placed into their respective positions 

on the MPS.

Instrumentation 

To generate the synthetic cathinone compound calibration curves, 

all automated Prep Sequences were performed using a MPS ro-

boticPRO sampler as shown in fi gure 1. All analyses were performed 

using an Agilent 1260 HPLC with an Agilent Poroshell 120 EC-C18 

column, (3.0 x 50 mm, 2.7 µm) and an Agilent Ultivo Triple Quad-

rupole Mass Spectrometer with Jet stream electrospray source. 

Sample injections were made using the GERSTEL LC-MS Tool into 

a 6 port (0.25 mm) Cheminert C2V injection valve outfi tted with a 

2 µL stainless steel sample loop.

For the hormone compound calibration curves, all au-

tomated Prep Sequences were performed using a 

MPS roboticPRO sampler as shown in fi gure 1. All analyses were 

performed using an Agilent 1260 HPLC with a Phenomenex Gem-

ini C18 column, (2.0 x 150 mm, 3 µm) and an Agilent Ultivo Tri-

ple Quadrupole Mass Spectrometer with Jet Stream Electrospray 

source. Sample injections were made using the GERSTEL LC-MS 

Tool into a 6 port (0.25 mm) Cheminert C2V injection valve outfi t-

ted with a 10 µL stainless steel sample loop.

Figure 1: GERSTEL MPS roboticPRO sampler.
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For the pesticide compound calibration curves, all automated 

PrepSequences were performed using a GERSTEL MPS roboticPRO

sampler equipped with a 100 µL and a 1000 µL syringe. All sub-

sequent analyses were performed using an Agilent 1260 HPLC 

with an Agilent Eclipse Plus C18 RRHD column, (2.1 x 50 mm, 1.8 

µm) and an Agilent Ultivo Triple Quadrupole Mass Spectrometer 

with Jet stream electrospray source. Sample injections were made 

using a GERSTEL roboticPRO sampler with the LC-MS Tool into a 6 

port (0.25 mm) Cheminert C2V injection valve outfi tted with a 2 µL 

stainless steel sample loop.

The individual LC and mass spectrometer method parameters 

used for analysis of the prepared calibration standards can be 

found in the corresponding application notes for synthetic cathi-

nones[1], hormone compounds[2], and pesticides[3], respectively.

Results & Discussion
MAESTRO software’s Calibration Standard Wizard enables users 

to automate the creation of Prep Sequences that will prepare cal-

ibration curves based on a few pieces of information such as the 

required concentrations of the calibration curve standards, how 

much of each standard is required, whether to add an internal 

standard, and where the necessary solutions are located on the 

MPS robotic sampler. The Calibration Standard Wizard will au-

tomatically generate the Prep Sequence, selecting the correct 

syringe size to use based on what is available on the MPS robotic 

sampler, and setting up the appropriate commands to move and 

mix the vials, if selected.

The Calibration Standard Wizard’s data input screen allows the 

user to enter calibration standard concentration and volume val-

ues as well as other pertinent information about location of solu-

tions, concentrations of stocks, and how the samples are to be 

mixed during the process. The user can create a maximum of 

15 calibration standards and can choose between concentration 

units of ppm (µg/mL), ppb (µg/L) or (ng/mL), or ppt (ng/L).

As shown in fi gure 2, an example Calibration Standard Wizard 

method was created to prepare calibration curve solutions with 

concentrations of 1000, 500, 100, 50, 10, 5, and 1.0 ng/mL, re-

spectively, from a 10.0 µg/mL stock solution. The stock solution 

was positioned in vial position 1 of a VT54 tray for 2 mL vials (Rack 

11). The internal standard was positioned in vial position 54 of a 

different VT54 tray for 2 mL vials (Rack 1). The MPS was equipped 

with both a 1000 µL and a 100 µL syringe.  Dilution solvent was in 

a 100 mL solvent reservoir (SolvRes1). An agitator option confi g-

ured for 2 mL vials was selected as the mixing device. Rinsing of 

the syringes was confi gured to take place using 100 mL solvent 

reservoirs (Wash Vial 1 and Wash Vial 2). Intermediates were se-

lected to be created into 2 mL vials held in a VT40 tray for 2 mL 

vials (StackFront). The fi nal calibration standards were selected to 

be created in positions 1 through 7 of a VT40 tray for 2 mL vials 

(StackRear), respectively, with a fi nal volume of 1 mL each. Once 

completed, the Calibration Standard Wizard allows the user to 

save the dilution strategy for future use. 

Figure 2: GERSTEL MAESTRO Calibration Standard Wizard.
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Mephedrone - 8 Levels, 8 Levels Used, 24 Points, 24 Points Used, 0 QCs
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As shown in fi gure 3, the Calibration Standard Wizard provides a 

graphical representation of the strategy that will be used to pre-

pare calibration standards allowing the user to review and confi rm 

the process before starting it. A method check is performed to 

ensure that each parameter can be performed as specifi ed.  

The Calibration Standard Wizard was fi rst evaluated by preparing 

standard curves for synthetic cathinones mephedrone and MDPV 

with their corresponding deuterated internal standards. Eight stan-

dards were prepared in triplicate using the Calibration Standard 

Wizard and were then analyzed using the LC-MS/MS system as 

described in [1]. As shown in fi gures 4 A-B, these standards were 

found to be both accurate (mephedrone average: 100%, range 

(92.2% - 109%, MDPV average: 100%, range (92.5% - 108%)) and 

precise (mephedrone average: 5.18% CV, range (0.692% - 9.76% 

CV, MDPV average: 5.22% CV, range (0.928% - 8.88% CV)). The 

linearity was good as can be seen from the R2 values of 0.99 or 

better.

Figure 3: GERSTEL MAESTRO Calibration Standard Wizard 

graphical representation of the dilution and addition process.

Figure 4: Representative calibration curves for mephedrone and MDPV.
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Calibration standards prepared using an automated Prep Se-

quence generated with the Calibration Standard Wizard were 

compared to manually prepared calibration standards. Triplicate 

calibration curves were prepared for each sample set using a 

stock containing testosterone, androstenedione, 17β-estradiol, 

17α-ethynylestradiol, estrone, and equilin. The internal standards, 

D3-testosterone and D5-17β-estradiol were combined and used 

for both preparation sets. Table 1 shows a comparison of the ac-

curacy and precision results from the manually and automatically 

prepared sample sets at each concentration level. As shown, stan-

dards prepared using the Calibration Standard Wizard were found 

to be as accurate as or better than manually prepared calibration 

standards. The average accuracy both for manually prepared and 

automatically prepared standards was 100%. Manually prepared 

standards resulted in an average precision of 3.69% compared 

with 3.22% CV for automatically prepared standards. 

r2 Androstenedione Equilin Estrone 17α-Ethynylestradiol 17β-Estradiol Testosterone Average Linearity

Manual 0.997 0.995 0.995 0.989 0.997 0.997 0.993

Wizard 0.995 0.992 0.996 0.998 0.999 0.999 0.996

Table 1: Comparison of average accuracy, precision, and linearity from manually vs. automatically generated hormone calibration curve 

replicates.

% Accuracy Androstenedione Equilin Estrone 17α-Ethynylestradiol 17β-Estradiol Testosterone Average % 
Linearity

Manual 0.997 0.995 0.995 0.989 0.997 0.997 0.993

Wizard 0.995 0.992 0.996 0.998 0.999 0.999 0.996

% CV Androstenedione Equilin Estrone 17α-Ethynylestradiol 17β-Estradiol Testosterone Average Linearity 
(% CV)

Manual 1.94 3.87 4.46 4.46 6.21 1.66 3.69

Wizard 2.22 5.17 2.84 2.84 3.85 1.60 3.22

Linearity

Average % Accuracy

Average Precision (% CV)

The robustness of standards prepared using the Calibration Stan-

dard Wizard was evaluated over a fi ve-day period using a mixture 

of pesticide standards. To challenge the robustness further, no in-

ternal standard was used during the analysis of the pesticide stan-

dards. As shown in fi gure 5, the average accuracy of all pesticide 

standards prepared over a fi ve-day period was found to be 100% 

(range: 86% - 106%) with an average precision of 5.35% (range: 

0.788% - 11.6%).



APPNOTE

0

20

40

60

80

100

120

Av
er

ag
e 

%
 A

cc
ur

ac
y 

(t
op

) a
nd

 P
re

ci
sio

n 
(b

o�
om

)

Day 1 % Accuracy

Day 1 % CV

Day 2 % Accuracy

Day 2 % CV

Day 3 % Accuracy

Day 3 % CV

Day 4 % Accuracy

Day 4 % CV

Day 5 % Accuracy

Day 5 % CV

GERSTEL AppNote 224

Figure 5: Average % accuracy (top) and precision (bottom) data for each pesticide calibration standard prepared using the Calibration 

Standard Wizard over a 5-day period. All 5 days resulted in 100% average accuracy.

Conclusions
As a result of this study, we were able to show:

 The Calibration Standard Wizard allows methods for the 

preparation of multi-level calibration curves to be generated 

within minutes.

 The GERSTEL MPS roboticPRO sampler prepares calibration 

standards with great accuracy and precision with R2 values of 

0.99 or better for all calibration standards monitored.

 When compared to manually prepared calibration standards, 

standards prepared using the automated system were found 

to be as accurate and precise, if not better for the hormone 

compounds tested.

 Standard preparation robustness was proven as standards 

prepared and monitored over a 5-day period were shown to 

be both accurate and precise.
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