
Triggered MRM: Simultaneous 
Quantitation and Confi rmation 
Using Agilent Triple Quadrupole 
LC/MS Systems

Technical Overview

Triggered MRM (tMRM) acquisition is an analytical method which is available for 

all Agilent Triple Quadrupole LC/MS systems. tMRM acquisition combines MRM 

with the generation of a product ion spectrum which can then be used for library 

identifi cation and confi rmation. As a result, tMRM analysis decreases analysis time, 

increases throughput, and allows for fast, sensitive quantitative and qualitative 

analysis on a single instrument, in a single analytical run.

How tMRM Acquisition Works

In tMRM analysis, up to 10 MRM transitions (primary and secondary) are defi ned 

for each target analyte in the method. The primary transitions are acquired for 

all analytes, but when the signal of one of the primary transitions exceeds a 

user-defi ned threshold, the secondary transitions are “triggered” and acquired for 

a specifi ed number of scans.

Figure 1. A tMRM experiment with two primary transitions for each analyte. Secondary MRM 

transitions are triggered when the primary MRM signals cross a user-defi ned threshold.
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product ion scanning techniques, is 

that acquiring all 10 MRM transitions 

takes less than 50 ms, while a typical 

product ion scan on an ion trap, or 

triple quadrupole instrument takes 

about 200 ms. This fast cycle time 

means that more data points are 

acquired across each peak, and that 

the quantitative data acquired is more 

sensitive, robust, and accurate.

tMRM product ion spectrum. This 

product ion spectrum is then used for 

library search and identifi cation of the 

compound of interest. 

With up to 10 product ions present 

in each tMRM product ion spectrum 

for each target analyte, users can 

confi dently confi rm target analytes with 

a library search. The main advantage of 

using tMRM to generate these product 

ion spectra, rather than conventional 

tMRM Library Searching

Using tMRM, the secondary MRM 

spectra acquired during tMRM 

experiments are combined with the 

primary MRM transition spectra for 

a particular analyte to generate a 

product ion spectrum. Figure 2 shows 

nine MRM transitions (two primary 

and seven secondary transitions) 

which are combined to make one 

Figure 2. tMRM product ion spectra are generated by combining the primary (●) and secondary MRM spectra for a target analyte 

(A). The product ion spectrum (B) may be used for library search and analyte confi rmation.
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Figure 3 shows a comparison of the 

tebufenpyrad tMRM library spectrum 

and the endogenous compound 

spectrum found in the ginger extract. 

The peaks circled in the tebufenpyrad 

spectrum differ signifi cantly or are 

absent from the endogenous ginger 

compound. In this case, a false 

positive result was avoided due to 

the qualitative data generated by 

tMRM acquisition.

Rapid Quantitative Analysis 
with tMRM Acquisition

The tMRM product ion spectrum for 

tebufenpyrad was generated while 

quantitation was performed, without 

sacrifi cing the quality of either result. 

Triggering additional MRM transitions 

with a primary MRM threshold means 

that the tMRM cycle time is always 

as short as possible, maximizing the 

number of data points acquired across 

each peak. When the number of data 

points acquired across an analytical 

peak is maximized, the sensitivity and 

accuracy of the quantitative analysis 

is optimal. Quantitation using tMRM 

is also compatible with dynamic 

MRM1 (Stone, 2009).  This is ideal 

for confi rmation and identifi cation 

of large numbers of analytes, such 

as those encountered in pesticide 

residue screening.  In addition, the 

tMRM method allows each MRM to be 

acquired at optimal collision energy and 

hence maximizes sensitivity.

tebufenpyrad. However, the product 

ion spectra generated by tMRM 

analysis allow differentiation of the 

endogenous ginger compound from 

the tebufenpyrad contaminant. In 

order to acquire the same quantitative 

and qualitative data without tMRM 

acquisition, one would have to fi rst 

analyze the extract using a fast 

scanning triple quadrupole, and then 

reanalyze the sample using an ion trap 

or a time-of-fl ight (TOF) instrument for 

qualitative analysis. 

Avoiding False Positives with 
tMRM Acquisition

Tebufenpyrad is a toxic insecticide 

which can be present in ginger. 

However, there is an endogenous 

compound found in ginger which 

co-elutes with tebufenpyrad and 

shares the same two primary MRM 

transitions with a similar qualifi er 

ion ratio. Therefore, in a typical triple 

quadrupole analysis, without tMRM 

analysis, a ginger extract could 

easily give a false positive result for 

Figure 3. The comparison of an acquired tMRM spectrum for an endogenous ginger compound 

compared with the authentic library tMRM spectrum for tebufenpyrad.
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Conclusions

tMRM is a data dependent scan 

function which increases throughput, 

provides both quantitative and 

qualitative information, and minimizes 

the cost of analyses. Standard product 

ion scanning techniques require about 

200 ms per transition, at least four 

times longer than a tMRM cycle. The 

longer cycle time for a typical product 

ion scan means that fewer data points 

are acquired across each analytical 

peak, compromising sensitivity 

and robustness for qualitative and 

quantitative results.  In addition, the 

LC methods for instruments with 

longer product ion scan cycle times 

are often lengthened to minimize 

analyte co-elution. With tMRM, high 

throughput LC methods with narrow 

peak widths can be easily adopted on 

a triple quadrupole LC/MS instrument, 

enabling quantitative analysis and 

qualitative confi rmation on a single 

instrument, in a single injection.
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