
Liquid Chromatography/
Mass Spectrometry

A P P L I C A T I O N  N O T E

Author:
Sharanya Reddy

PerkinElmer, Inc. 
Shelton, CT 

Introduction 

Fibers originating 
from textiles in 
carpet, furniture, and 
clothing are often 
used as evidence at 

crime scenes. Fiber analysis is traditionally performed using various non-destructive 
techniques including optical microscopy, visible and infrared micro-spectrophotometry. 
Chromatography techniques such as poor resolving thin-layer chromatography or 
higher resolution HPLC with UV or diode array detection (DAD) can also be used 
for fiber identification. In this study, we show analysis of dyes extracted from fibers 
using UHPLC coupled to time-of-flight mass spectrometry (TOF MS), providing a more 
specific and sensitive technique. TOF MS provides a higher degree of discrimination 
between closely resembling dyes with similar functional groups of detection compared 
to UV or DAD detection using accurate mass measurements and isotope ratio 
confirmations. We also provide a method to build a database for forensic dyes using 
accurate mass and isotope profile information acquired from the time-of-flight (TOF) 
mass spectrometer along with the proprietary AxION® EC ID™ software. 

Quantitation of Dyes in Forensic 
Fibers Using UHPLC-TOF MS 
and Building a Dye Database  
with AxION EC ID Software
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Experimental

Sample preparation:
Dyes were extracted from fibers using proprietary technology 
and provided as liquid extracts by Microtrace Scientific, IL, USA. 
The liquid extracts were analyzed by LC-TOF. 

LC conditions:
Pump:  PerkinElmer Flexar™ FX-15 UHPLC pump 
Flow:  0.4 mL/min 
Mobile phase A:  Water containing 0.1% formic acid 
Mobile phase B:  Acetonitrile containing 0.1% formic acid 
Gradient conditions:   Starting at 50% B to 90% B in 5 min in a 

linear gradient
Injection volume:  5 μL in partial fill mode 
Column used:   PerkinElmer Brownlee™ SPP C-18,  

2x50 mm, 2.7 μm (part # N9308402), 25 °C

MS conditions:
Mass spectrometer:  PerkinElmer AxION 2 TOF MS 
Ionization source:  PerkinElmer Ultraspray™ 2 (Dual ESI source) 
Ionization mode:  Negative 
m/z range:  100-1050 
Capillary exit voltage: 100 V 
Internal calibration was performed using m/z 112.9856 and 
1033.9881 as lock mass ions.

Results

Anionic dyes, acid yellow 246, acid red 361 and acid blue  
277 are commonly used synthetic dyes to color fibers. The 
separation and analysis of the dye standards was achieved  
in less than three min. using UHPLC-TOF (Figure 1). The  
mass accuracy measured by the AxION 2 TOF for each of  
the dyes was less than one ppm compared to theoretical  
values (Table 1). Accurate mass measurement greatly improves 
the confidence of identification in dyes extracted from various 
fabrics because of potential interferences from dye residues 
that may have the same nominal mass.  

Calibration curves set up for each of the dyes showed excellent 
linearity (r2 >0.99) over a wide range of concentration  
(10-1500 ng/ml) (Figure 2 a-c). Based on the S/N obtained for 
10ng/mL, we should easily be able to detect 1-2 ppb for the 
dyes (analysis is triplicates). 

Fiber extracts from sample A and B (diluted 20 fold) were 
analyzed by LC-TOF and showed the presence of all three anionic 
dyes (Figure 3). The concentration of each of the dyes determined 
in the sample fiber A in triplicate injections are shown in Table 2. 
Based on our results, the accurate mass and isotope profile 
capabilities and linearity of the AxION 2 TOF can be an excellent 
tool for identification and quantitation of dyes in fibers.

The user can build a database for dyes in fabrics using the 
PerkinElmer AxION EC ID software. The database can be set up 
using an excel spreadsheet with compound name and elemental 
composition information of all the dyes that are found in fabrics. 
AxION EC ID software can search against this dye database and 
identify unknown dyes in fabrics.  

Figure 1. Analysis of fiber dyes by UHPLC-TOF. Separation in under 3mins

Fig. 1 Analysis of fiber dyes by UHPLC-TOF.  Separation in under 3mins
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Figure 2. Linear calibration curves over concentration ranges 10-1500 ng /mL for the 
anionic fiber dyes for triplicate injections a. Acid blue 277 b. acid red 361 and c. acid 
yellow 246.

a

b

c

Fig. 2. Linear calibration curves over concentration ranges 10-1500 ng/mL for the 
anionic fiber dyes for triplicate injections a.  Acid blue 277 b. acid red 361 and c. acid 
yellow 246 

r 2 = 0.998

r 2 = 0.995

r 2 = 0.997

 Expected Observed  
 Dye mass [M-H]- mass [M-H]- ppm error

Acid blue 277  544.0853 544.0857 0.7

Acid red 361  517.1221 517.1213 1.5

Acid yellow 246  516.0693  516.0695 0.4

Table 1. Expected and observed masses [M-H]- of anionic dyes listed of anionic dyes 
listed along with ppm error.
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Conclusions

Analysis of fibers found at a crime scene can play an important 
role in forensics. Characterization of textile dyes in fibers is a 
crucial part of fiber identification. Using UHPLC-TOF mass 
spectrometry, we can easily identify and quantify the dyes 
present in the fiber extracts. A database for the various dyes can 
be generated in an excel spreadsheet using just the elemental 
composition information of known dyes. The AxION EC ID 
software can search against this database in fibers using 
accurate mass and isotope profile information obtained from the 
TOF mass spectrometer. 
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Figure 3. Shows the dye extracts from sample fabrics A and B.
Fig. 3. Shows the dye extracts from sample fabrics A and B

Sample fiber A

Sample fiber B
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Figure 4. A database for fabric dyes can be generated using an excel spreadsheet with 
just the elemental composition information and the name of each dye. Using accurate 
mass and isotope profile info, the  AxION EC ID software searches against this 
database and computes the likely elemental composition match.

Fig. 4. A database for fabric dyes can be generated using an excel spreadsheet with just the 
elemental composition information and the name of each dye.  Using accurate mass and 
isotope profile info, the  AxION EC ID software searches against this database and computes 
the likely elemental composition match.  

Dye present in Average concentration  
 sample fiber A in original soln %RSD

Acid blue 277  12.3 µg/mL 11%

Acid red 361  31.6 µg/mL 4.6%

Acid yellow 246  18.0 µg/mL  7.4%

Table 2. Quantitation of dyes in sample fiber A (triplicate injections).

As an example, the accurate mass and isotope profile 
information of acid yellow 246 was searched against 10 dyes 
entered into the database, the search came up with the 
elemental composition matching acid yellow 246 (Figure 4). The 
database can be generated for an unlimited number of dyes. 
Both retention time and accurate mass information can help in 
accurate identification of the dyes in fibers.
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