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INTRODUCTION

Ultra Performance LC™ (UPLC™) coupled with tandem 

quadrupole mass spectrometry is a powerful tool for 

quantitative analysis. As previously demonstrated1, 

UPLC has added a new dimension to separation 

science that retains the practicality and principles of 

HPLC, while improving speed, sensitivity, and 

resolution. The Waters® ACQUITY UPLC™ System has 

been holistically designed with low system and 

gradient dwell volumes to take full advantage of the 

sub-2 µm particle technology. As a result, the 

ACQUITY UPLC System can generate 

chromatographic peak widths of less than a second at 

the base.  

The Waters® Micromass® Quattro Premier™ tandem 

quadrupole mass spectrometer has been designed to 

perform high speed MRM data analysis allowing 

sufficient data points to be collected across these 

extremely narrow UPLC peaks for reliable 

quantitation2. The combination of the ACQUITY UPLC 

with the Quattro Premier provides high speed 

quantification without the loss of sensitivity or 

precision. 

This technical note demonstrates the speed and 

sensitivity that can be obtained with the ACQUITY 

UPLC/Quattro Premier platform for the UPLC/MS/MS 

quantification analysis using a 4 compound test 

mixture. 

EXPERIMENTAL CONDITIONS

LC Conditions
Instrument: ACQUITY UPLC System
Column: ACQUITY UPLC BEH C18 Column,

2.1 x 50 mm, 1.7 µm
Flow Rate: 0.6 mL/min.
Mobile Phase: 10 mM NH4OAc at pH 5.0

A: 10% ACN  B: 80/20 ACN/MeOH
Inj. Volume: 5 µL
Gradient:  Time (min.)    %A    Curve

0.0 95       –
0.8 5         6
1.0 5         6
3.0 95       1

MS Conditions
Instrument: Quattro Premier Mass Spectrometer
Capillary Voltage: 0.5 kV
Source Temp: 130 oC
Desolvation Temp: 400 oC
Desolvation Gas: 800 L/Hr
Cone Gas: 50 L/Hr
Data Collection: ESI+ MRM
Dwell Time: 10 ms
Inter-channel Delay: 10 ms
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Figure 1.  Total Ion Chromatogram of the test mixture with 
four channels per collection cycle: 1. Alprazolam (309.0 > 
281.0), 2. Temazepam (301.0 > 255.0), 3. Diazepam      
(285.0 > 193.0), 4. Prazepam (325.1 > 271.1)



RESULTS AND DISCUSSION

Figure 1 shows the total ion chromatograms of the 
sample, demonstrating baseline resolution of all of the 
analytes contained. The data collection was performed 
for all four compounds simultaneously, which 
translates to 4 MRM channels per data collection 
cycle. Figure 2 shows the individual MRM 
chromatogram of each compound.  A 10 ms second 
dwell time per channel was employed with a 10 ms 
inter-channel delay, giving a total cycle time per 
collection cycle of 70 ms. Also shown in Figure 1 
(upper right), is a MRM chromatogram of temazepam 
using scan number as x-axis. The LC peak width at the 
base is 1.2 seconds, and the total number of data 
points collected across the peak is 17. 

It is generally accepted that for reproducible peak 
quantification, the chromatographic peaks should be 
defined by no less than 15 data points3.  The results 
shown in Figure 1 indicate that even with peak widths 
of 1.2 seconds at the base, the Quattro Premier is still 
capable of collecting a sufficient number of data 
points to allow for the accurate quantification of 
complex mixtures, thus making the Quattro Premier the 
ideal mass spectrometer to couple to the ACQUITY 
UPLC system4.

Figure 2. Individual MRM chromatograms of the test 
compounds
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The calibration curves of the sample compounds are 

displayed in Figure 3. The linear range was 0.02 to 

1000 ng/mL (4.5 orders of magnitude) for alprazolam, 

and 0.05 to 1000 ng/mL (4 orders of magnitude) for 

diazepam, prazepam and temazepam. The calibration 

curves displayed in Figure 3 were produced from five 

replicate injections at each concentration. Each curve 

was constructed using external calibration with linear 

curve fittings and 1/x weighting.

Figure 3. Calibration curves for test compounds

The results from the quantitative analysis each of the test 
compounds are summarized in Table 1. The r2 values 
reported here were determined using a 15 point 
calibration for alprazolam and a 14 point calibration 
for diazepam, prazepam and temazepam. 

0.9990.05 - 10002026301.1 > 255.0Temazepam

0.9950.05 - 10002436325.1 > 271.1Prazepam

0.9970.05 - 10003236285.1 > 193.0Diazepam

0.9970.02 - 10002743309.0 > 281.0Alprazolam
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* R2 was determined based on 15 point calibration for Alprazolam and 14 points calibration for Diazepam, 
Prazepam and Temazepam.  Five replicates were made for each concentration point.

Compound name: Alprazolam
Correlation coefficient: r = 0.998651, r^2 = 0.997304
Calibration curve: 872.425 * x + 1.63194
Response type: External Std, Area
Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: Diazepam
Correlation coefficient: r = 0.998715, r^2 = 0.997432
Calibration curve: 603.436 * x + -5.64622
Response type: External Std, Area
Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None

ng/mL
0 100 200 300 400 500 600 700 800 900 1000

R
es

po
ns

e

0

100000

200000

300000

400000

500000

600000

Compound name: Temazepam
Correlation coefficient: r = 0.999430, r^2 = 0.998860
Calibration curve: 1167.53 * x + -52.097
Response type: External Std, Area
Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: Prazepam
Correlation coefficient: r = 0.997503, r^2 = 0.995011
Calibration curve: 912.07 * x + -37.0596
Response type: External Std, Area
Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: Alprazolam
Correlation coefficient: r = 0.998651, r^2 = 0.997304
Calibration curve: 872.425 * x + 1.63194
Response type: External Std, Area
Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: Diazepam
Correlation coefficient: r = 0.998715, r^2 = 0.997432
Calibration curve: 603.436 * x + -5.64622
Response type: External Std, Area
Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: Temazepam
Correlation coefficient: r = 0.999430, r^2 = 0.998860
Calibration curve: 1167.53 * x + -52.097
Response type: External Std, Area
Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None

ng/mL
0 100 200 300 400 500 600 700 800 900 1000

R
es

po
ns

e

0

200000

400000

600000

800000

Compound name: Prazepam
Correlation coefficient: r = 0.997503, r^2 = 0.995011
Calibration curve: 912.07 * x + -37.0596
Response type: External Std, Area
Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Table 1. Summary of quantitative analysis



CONCLUSION

UPLC/MS/MS quantification was performed on a four compound mixture using the Waters ACQUITY UPLC 
System/Quattro Premier MS platform in just one minute using four simultaneous MRM transitions. This work 
demonstrates how UPLC/MS/MS can produce a high throughput, high quality assay with ultimate sensitivity. 
The ACQUITY UPLC produced an average LC peak width of 1.2 seconds at the base, and due to the high 
speed MRM capabilities of the Quattro Premier, it was possible to obtain approximately 17 data points 
collected across each peak, ensuring accurate peak characterization. Thus, the system is ideal for multi-
component complex sample analysis. All analytes showed a linear response within the measured concentration 
range (0.02 – 1000 ng/mL for alprazolam, and 0.05 – 1000 ng/mL for diazepam, prazepam and 
temazepam). 

REFERENCES

1. Ultra Performance LC (UPLC):  New Boundaries for the Chromatography Laboratory, White Paper, 
Waters Corporation, May 2004, 720000819EN.

2.  N. Kirchner ”Ion Processing : Control and Analysis”, US Patent No. 5,206,506, April 27th, 1993. 

3. Application note, “Quattro Premier™: MRM Inter-Channel Crosstalk”, Waters Corporation, June 2004, 
720000917EN.

4.  K. Yu, et al. “HT Quantification Analysis for a 5 Drug Mixture in Rat Plasma – A Comparison of 
HPLC/MS/MS and UPLC™/MS/MS”, Presented at the 52nd ASMS Conference, Nashville, TN, June 2004.

Ultra Performance LC, UPLC, ACQUITY UPLC, Waters, Micromass, Quattro Premier are 
trademarks of Waters Corporation.
All other trademarks are the property of their respective owners.
©2005 Waters Corporation  Produced in the U.S.A.   May 2005  720001168EN KJ-PDF



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


