
The detection and identification of low levels of materials in complex matrices is of paramount 
importance in today's analytical laboratory. This study describes the utility of the Waters Integrity 
system, a benchtop LC/MS which combines a Photodiode Array detector (PDA) with the specificity of 
the ThermaBeam Mass Detector featuring Electron Ionization (EI). The PDA is useful for determining 
peak homogeneity, generating UV spectra for searching against user-built libraries and for 
quantification. EI provides mass spectra that are characteristic compound "fingerprints" which can be 
interpreted and/or searched against commercial or user-built reference libraries for positive 
identification. Three benzodiazepines, Alprazolam, Estazolam and Triazolam, were spiked into (0.2 
ug/ml), and extracted from, whole blood samples. Estazolam was spiked into every sample as a 
reference standard. Mass spectra and UV spectra were generated for each compound in a single 
injection. Both spectra were then library searched against an appropriate library for compound 
identification.  Peak homogeneity was determined for each chromatographic peak using the unique 
Spectral Contrast     algorithm in Millennium     software. 
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Highlights:  The analysis of various benzodiazepines in spiked whole blood samples is 
demonstrated. The power of combined Photodiode Array detection and ThermaBeam Electron 
Ionization (TB-EI) mass spectrometry is shown along with the use of automated library search 
routines for positive compound identification.

Waters Integrity System:
ThermaBeam Mass Detector
996 Photodiode Array Detector
616 Pump and 717+ Autosampler
Millennium 2010 Chromatography Mgr.

LC Conditions:                                                                   
    Mobile Phase:  60% 50mM Ammonium Acetate 40%       

Acetonitrile @ 0.25ml/min
    Column:   Waters Symmetry C-18 150 X 2.1 mm  28 deg.C
    PDA :   220-350nm @ 2.4 nm resolution
    TMD:   70-350 Da

Sample Preparation
Samples were whole blood spiked with one of two benzodiazepines.
Samples were extracted by liquid-liquid extraction (LLE) into 
n-chlorobutane and evaporated.
n-chlorobutane contained Estazolam as an internal standard
Samples were reconstituted in mobile phase and analyzed by 
LC/MS
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The two figures below show MS MaxPlot 
chromatograms. MaxPlot plots the maximum ion 
intensity from each scan vs. time. MaxPlot 
maximizes sensitivity for peak integration and 
quantification. Figure 1 illustrates the separation of 
Estazolam and Alprazolam while Figure 2 shows 
the separation of Estazolam and Triazolam.

Figure 1. 
Figure 2. 
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Peak 1: Unknown   RT: 5.26   Pass: 1

Degrees

 RT: 5.26

Purity Angle: 0.18   Threshold Angle: 1.06   
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Figure 3 illustrates the PDA results. The UV spectrum of the Estazolam peak is searched against a user-built library 
containing a standard spectrum of the same compound (center). The difference between the acquired Estazolam 
spectrum and the UV reference spectrum is shown as the "Difference" (bottom). Peak homogeneity results are shown at 
the right of figure 3.  Figure 4 illustrates the mass spectrum of the Estazolam peak (top), and the results of an automated 
library search of that spectrum against the Wiley library (center).  The difference between the acquired Estazolam 
spectrum and the Wiley reference spectrum is shown as the "Difference" (bottom). The match is a successful one even 
though there are some differences between the acquired spectrum and the library spectrum due to matrix interferences. 

Figure 3. Figure 4.
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Figure 5. Figure 6.

Figure 5 shows the mass spectrum of the Alprazolam peak (top) from the spiked whole blood sample. This acquired 
spectrum was then  identified by search against the Wiley library (center).  The difference between the acquired spectrum 
and the reference spectrum is shown at the bottom of this figure.  Figure 6 is a comparable illustration of the library 
search of the acquired Triazolam spectrum from a whole blood extract.

Positive compound identification of minor sample components is easily achieved even in complex 
matrices using the Waters Integrity system.  Simultaneous acquisition of PDA and MS data on a 
single injection, and seamless processing and reporting of both channels of data as well as 
automated library search capabilities offer confidence in peak identification.
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