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Abstract

In this application note, we describe the advantages of analyzing disperse, acid, direct, and basic dyes using the 

ACQUITY UPLC H-Class System coupled with the Xevo TQD. Our results show increased robustness, selectivity, 

and sensitivity, with reduced run times and associated savings in solvent usage compared to existing 

methodologies.

Benefits

This application note illustrates increased sample throughput for the identification and quantification of 

allergenic and carcinogenic disperse, acid, direct, and basic dyes in consumer products offering:

Reduced solvent usage due to reduced run times.■

Improved sensitivity, selectivity, and robustness, compared with existing methodologies.■

Introduction

Dyes are added to change or add color to a product, with the aim to add appeal and improve sales by making 

the product more authentically pleasing.

Dyes are used in many products, for example industrial products such adhesive glues and industrial cleaning 

products; agricultural products such as seed colorants; cosmetics products (for example lipstick and eye 

shadow); personal care products (for example soaps, hair dye, and wigs); consumer products (for example inks, 

candles, fabric, paper, and leather); automotive products (for example car washes and polishes).

Originally, all dyes were natural compounds, but gradually a wide range of synthetic dyes were developed that 

could be produced faster at a lower cost. Synthetic dyes are classified according  to how they are used in the 

dyeing process. Lipophilic disperse dyes are used for dyeing many synthetic fibers, such as polyester, nylon, 

cellulose acetate, synthetic velvets, and PVC. Whereas, water-soluble dyes, such as anionic acid dyes, cationic 

basic dyes, and direct dyes have a wide variety of uses on both natural and synthetic fibers. For example, acid 

dyes can be used on silk, wool, nylon, and modified acrylic fibers; basic dyes can be used on acrylic fibers, wool, 

silk, and paper; and direct dyes can be used on cotton, paper, leather, wool, silk, and nylon.
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Many companies, in order to fulfill their commitment to protect the consumers of their products, their workers, 

and the community/environment, develop restricted substances lists (RSL). RSL detail both legislated and non-

legislated requirements to be upheld in every part of their product supply production chains to reduce or 

eliminate hazardous substances and processes. In doing so, they also add environmental sustainability value to 

their products, and ensure that their products are safe and legally compliant. Many potentially hazardous 

disperse, acid, direct, and basic dyes are detailed in many consumer product suppliers’ RSL.

Examples of both legislated and non-legislated regulations and standards developed by various countries and 

international organizations with regard to dyes include the following: European Committee for Standardization 

with regard to toy safety standards (BS EN 71 part 9),1 Sustainable Textile Production (STeP),2 European Union 

Commission Decision (2009/567/EC),3 the German Food and Commodities law (LFGB 30), and Cosmetic 

Directive 1223/2009.4 All detail many of the potentially sensitizing, carcinogenic, mutagenic, or toxic to 

reproduction dyes as prohibited.

The standard method for the analysis of disperse dyes in textile products and components is DIN54231,5 using 

high performance liquid chromatography (HPLC) or thin layer chromatography (TLC) with either ultraviolet (UV), 

mass spectrometry (MS), or densitometry detection.

Other methodologies for the analysis of disperse dyes include: electrochromatography with electrospray 

ionization (ESI) and MS detection,6 HPLC with: UV/VIS detection,7 atmospheric pressure chemical ionization 

(APCI) and MS detection,8 ESI and MS detection,9,10 and ion-exchange high-performance liquid chromatography 

(HPIEC) with MS detection.11

This application note, using Waters ACQUITY UPLC H-Class System coupled with the Xevo TQD, describes the 

advantages of analyzing disperse, acid, direct, and basic dyes compared to previous methodologies. The results 

show increased robustness, selectivity, and sensitivity, with reduced run times and associated savings in solvent 

usage.

Experimental

Textile

Textile (0.5 g) was cut up and extracted with 20 mL of methanol for 15 min using an ultrasonic bath (50 °C).■

100 μL of the extract was transferred in an LC vial 

and diluted with 900 μL of water.

■
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LC conditions

System: ACQUITY UPLC H-Class

Run time: 7 min

Column: ACQUITY UPLC BEH C18 2.1 x 50 mm, 1.7 μm

Column temp.: 30 °C

Sample temp.: 10 °C

Mobile phase A: Water (5 mmol/L ammonium acetate)

Mobile phase B: Acetonitrile (5 mmol/L ammonium acetate)

Flow rate: 0.6 mL/min

Injection volume: 5 μL

The mobile phase gradient is detailed in Table 1.

Gradient

 
Table 1. ACQUITY UPLC H-Class System mobile 

phase gradient.

MS conditions
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Mass spectrometer: Xevo TQD

Ionization mode: ESI positive and negative

Capillary voltage: 0.7 kV

Source temp.: 150 °C

Desolvation temp.: 500 °C

Desolvation gas: 1000 L/h

Cone gas: 20 L/h

Acquisition: Multiple Reaction Monitoring (MRM)

MS conditions were optimized, as shown in Table 3, for the analysis of disperse, acid, direct, and basic dyes. CAS 

numbers, empirical formulas, and structures are displayed in Table 2. The established dyes MRM method, which 

utilizes fast polarity switching available on the Xevo TQD, is illustrated in Figure 1. This enables the analysis of 

positive and negative dyes within the same analytical analysis.
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 Table 2. 

Disperse, acid, direct, and basic dyes, associated CAS numbers, empirical formulas, and structures.
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 Table 3. Disperse, acid, 

direct, and basic dyes, expected retention times, ionization mode, cone voltages, MRM transitions, and 

associated collision energy values (*refer to the quantification transition).
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Figure 1. MRM method for 24 disperse, acid, direct, and basic dyes.

Instrument control, data acquisition, and results processing

MassLynx Software was used for data acquisition, and control of the ACQUITY UPLC H-Class System and the 

Xevo TQD. Data quantification was achieved using the TargetLynx Application Manager.

Results and Discussion

The analysis of 24 disperse, acid, direct, and basic dyes was achieved using Waters’ Xevo TQD in MRM mode 

with ESI ionization, coupled with the ACQUITY UPLC H-Class System.

Optimum MRM conditions were developed and, initially, HPLC conditions based on the work performed by 

Qiang et al.7 (mobile phase, column, and gradient) were implemented. The method migration from HPLC to 

UPLC was aided by using tools developed by Waters including the following: the Waters Column Selectivity 

Chart12-13 to aid the selection of a suitable UPLC column and the ACQUITY UPLC Column Calculator13 to aid the 

development of UPLC gradient and flow. The optimized UPLC conditions resulted in the elution of all compounds 

within a seven minute run.

The fast cycle and polarity switching times of the Xevo TQD enable the UPLC narrow peaks to be efficiently 

resolved. A comparison between HPLC and UPLC chromatograms is shown in Figure 2, illustrating 
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improvements in sensitivity and sample throughput.

Mixed calibration standards, ranging from 0.01 to 1.5 μg/mL, were prepared and analyzed for all of the 

compounds considered (equivalent range of 4 to 600 μg/g in textile samples). The TargetLynx Quantify results 

for acid red 26 are shown in Figure 3, and the MRM chromatograms for each compound are shown in Figure 4.
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 Figure 4. 

MRM chromatograms for disperse, acid, direct, and basic dyes in a mixed 0.5 μg/mL calibration standard 

(equivalent to 200 μg/g in textile samples).Textile analysis

The MRM mass detection method, shown in Figure 1, was used after appropriate sample preparation to quantify 
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for dyes.

Using the extraction protocol (based on DIN 54231)5 and the instrument parameters as detailed, the results 

obtained for the analysis of synthetic textile samples spiked at 75 and 30 μg/g are shown in Table 4. Many 

laboratories that base their extraction protocol for disperse dyes on DIN 54231,5 accept 75 μg/g as the practical 

detection limit. Recoveries were obtained by comparing extracted spiked textile samples with  calibration 

standards.

 
Table 4. Textile samples spiked with selected disperse dyes recovery data. Results obtained using mass 

spectrometric detection and quantified against mixed calibration standards. ND = not detected.

Efficient recoveries were obtained, ranging between 91% and 110% for the three replicates.

Additional benefits over previous methodology include improved selectivity and sensitivity for the analysis of 

dyes using the ACQUITY UPLC H-Class System coupled with the Xevo TQD with reduced run times, and 

associated savings in solvents.

Conclusion
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By utilizing the ACQUITY UPLC H-Class System coupled with the Xevo TQD, a fast, selective, and sensitive 

method was developed for the analysis of disperse, acid, direct, and basic dyes.

Rapid  polarity switching technologies, available on the Xevo TQD, enabled UPLC analysis of positive and 

negative dyes from a single injection.

The described approach offers the following benefits when compared with standard methodology:

Business benefits of using UPLC analysis, when comparing HPLC/UV to UPLC/MS analysis, include a 

greater than five times increase in sample throughput and more than an 86% reduction in solvent usage.

■

Enhanced sensitivity and selectivity resulting in improved confidence in the identification and quantification 

offered by the ACQUITY UPLC H-Class System coupled with the Xevo TQD.

■

Fast method migration from HPLC to UPLC aided by the use of tools developed by Waters including the 

following: the Column Selectivity Chart used to aid the selection of a suitable UPLC column, and the 

ACQUITY UPLC Column Calculator used to aid the development of UPLC conditions.

■
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