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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)," Sustainable Textile Production (STeP),? European Union
Commission Decision (2009/567/EC),® the German Food and Commodities law (LFGB 30), and Cosmetic
Directive 1223/2009.* 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,° 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,® HPLC with: UV/VIS detection,” atmospheric pressure chemical ionization
(APCI) and MS detection,® ESI and MS detection,®'? and ion-exchange high-performance liquid chromatography
(HPIEC) with MS detection.”

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 pL of the extract was transferred in an LC vial

and dilt

ted with 900 1L of water,
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LC conditions

System: ACQUITY UPLC H-Class

Run time: 7 min

Column: ACQUITY UPLC BEH Cyg 2.1x 50 mm, 1.7 pum
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 uL

The mobile phase gradient is detailed in Table 1.

Gradient

Time Flowrate %A %B Curve
(min)  (mL/min)

Initial 0.60 90 10 -
0.50 0.60 90 10
3.00 0.60 5 95
5.00 0.60 5 95
5.01 0.60 90 10

6 700 0.60 90 10 6

g~ w(inN|—
[e2NNeNNer R Ne]

Table 1. ACQUITY UPLC H-Class System mobile

phase gradient.

MS conditions
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Mass spectrometer: Xevo TQD

lonization 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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Disperse, acid, direct, and basic dyes

1. 2, 3. 4,
Disperse Blue 3 Disperse Blue 7 Disperse Blue 35 Disperse Blue 102
CAS: 2475-46-9 CAS: 3179-90-6 CAS: 12222-75-2 CAS: 69766-79-6

Ci7H16N203 CigHi1gN20s CooHi4N20s CisH1sNs04S
OH HO
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5. 6. 7. 8.
Disperse Blue 106 Disperse Blue 124 Disperse Brown 1 Disperse Orange 1
CAS: 68516-81-4 CAS: 61951-51-7 CAS: 23355-64-8 CAS: 2581-69-3
Ci4H17Ns0OS Ci6H15Ns04S Ci1sH15CI3N4O4 CigH14N402
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9. 10. 11. 12.
Disperse Orange 3 Disperse Orange 11 Disperse Orange 37 Disperse Orange 149
CAS: 730-40-5 CAS: 82-28-0 CAS: 13301-61-6 CAS: 85136-74-9
C1:H10N402 C1sH1NO, Ci7H15C1Ns05 CasHa6Ns 05
a 7.
& z A
L o
\_Or n Ha
a M. Y
/©/N§N/©/ ‘O 15 O L
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13. 14. 15. 16.
Disperse Red 1 Disperse Red 11 Disperse Red 17 Disperse Yellow 1
CAS: 2872-52-8 CAS: 2872-48-2 CAS: 3179-89-3 CAS: 119-15-3

C16H1gN403 CysHiaN,05 Cy7HaoN4O,4 R Ci2Hg N30
i I k o
o ,@ ‘ nlf OH
-
et 988 Y L
HA% cI) L/@m, NH
ifs 0 NH;  CHy 1 LN

17. 18. 19. 20.

Disperse Yellow 3 Disperse Yellow 23 Disperse Yellow 39 Disperse Yellow 49
CAS: 2832-40-8 CAS: 6250-23-3 CAS: 12236-29-2 CAS: 54824-37-2
CisHisNz02 CigH14N4O Ci7H16N20 C21H22N402

- o I/CH]

1l H J\ N CH,

HoN Ne_ . N o So T 2
0 ::: = //N
N
Ho—@—u” \\N‘@ _CH3
N g i I
+

) W :

21. 22, 23. 24,

Acid Red 26 Basic Red 9 Basic Violet 14 Direct Red 28
CAS: 3761-53-3 CAS: 569-61-9 CAS: 632-99-5 CAS: 573-58-0
CigH14N;Na3055, CygH1N5Cl CzH2oCINg CaaHzaNgNa;045;

NHz

HoN NH
Q. o e
0
HyC CHy ¥ O g g
HyN \ e Na
o=8=0 O o,
é- O u”s )
Na® HCI NH, "NHy
HCI NH
Table 2.

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

HO'
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No | Chemical substance Retention ESI Cone Transition Collision energy
time (min) (+/-) | voltage (V)
1 | DisperseBlue3 2.41 . 45 22997_760:2253;; : ;3
2 | DisperseBlue 7 2.26 + 50 335 59 é[_][;)z;?o' 3[2)
3 | DisperseBlue 35 2.97 g 36 228855_ é): 21305_'[?, ;g
4 | DisperseBlue 102 253 . 42 33(?6%0: 2‘3;?‘ ]3:3
5 | DisperseBlue 106 271 £ 42 3333 56 '[?: 1]:; [[)] 313
6 | Disperse Blue 124 3.04 + 39 2377: 3 :2]26[? ]] . ?g
7 Disperse Brown 1 2.84 + 53 jzz[()))) ]3?377](; ;;
8 Disperse Orange 1 3.36 + 49 3;%2))) ]]25292)‘ ié
9 Disperse Orange 3 20T + 45 2?;300))1233‘ ?;
10 | Disperse Orange 11 2.80 + 53 2233?3[()))) 12253?; 2[5)
11 | Disperse Orange 37 320 + 50 2122001 235%[; ?23
12 | Disperse Orange 149 360 s 69 12;]] ; ]226]60[] gi
13 | DisperseRed 1 291 + 51 3;]55'.1] )) ]23;? ;2
14 | DisperseRed 11 240 + 31 22(:;0022225532; i?
15 | DisperseRed 17 264 + 53 33155'_]1 )) ]2663_]]‘ 22
16 | Disperse Yellow 1 257 - 32 2277‘:'%’) ]2[’:2%%‘ ]1 ;
17 | Disperse Yellow 3 2.80 - 37 2;2:;%2 ]23:3%‘ ]]2
18 | Disperse Yellow 23 3.37 + 46 33%33]] )) ]][;5]:?]‘ ]2;
19 | Disperse Yellow 39 2.83 + 55 221]]'%1 ]23405'2‘ ;g
20 | Disperse Yellow 49 302 : 22 337?33]] . ]260%2‘ ;7
21 | AcidRed 26 1.80 + 47 :3;77%2 13251511 2];
22 | BasicRed9 2.01 . 60 228888'_22>> ]29??]1 g;
23 | Basic Violet 14 212 + 68 33522]] : 21395_']1, gg
24 | DirectRed 28 2.02 . 81 a0 810 el
32505 152.0° 23

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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Tatal Run Time: [3.77 “ % 3rrlains

No. Type Information Time
2 & MRM of 2 mass pairs, Time 2.64 10 3.02, ES+ (Disperse Orange 3} ]
3 & MRM of 2 mass pairs, Time 2.2810 2.70, ES+ (Disperse Red 11) [ ]
4 [& MRM of 2 mass pairg, Time 2.78 10 3.28, ES+ (Disperse Blue 35) |
5 ' MRM of 2 mass pairs, Time 1.89 to 2.30, ES+ (Basic Red 9) [ ]
6 B MRM of 2 mass pairs, Time 2.50 fo 3.00, ES+ (Disperse Yellow 33) ]
7 & MRM of 2 mass pairs, Time 2.30to 2.60, ES+ (Disperse Blue 3) [
] [ MRM of 2 mass pairs, Time 2.00 to 2.34, ES+ (Basic Yiolet 14) L
9 B MRM of 2 mass pairs, Time 3.25 10 3.56, ES+ (Disperse Yellow 23) |
10 [& MRM of 2 mass pairs, Time 278 10 3.10, ES+ (Disperse Red 1) |
11 [ MRM of 2 mass pairs, Time 3.22 10 3.55, ES+ (Disperse Orange 1) |
12 & MRM of 2 mass pairs, Time 2.58 to 2.88, ES+ (Disperse Blue 106) ;|
13 [ MRM of 2 mass pairs, Time 2.52 to 2.82, ES+ (Disperse Red 17) |
14 [ MRMof2mass pairs, Time 2.1510 2.45, ES+ (Disperse Blue 7) I
15 B MRM of 2 mass pairs, Time 2.42 fo 2.70, ES+ (Disperse Blue 102) I
16 & MRM of 2 mass pairs, Time 2.91 to 3.23, ES+ (Disperse Blue 124) 1
17 B MRM of 2 mass pairs, Time 3.15t0 345, ES+ (Disperse Orange 37) ]
18 [ MRM of 2 mass pairs, Time 2.72 10 3.02, ES+ (Disperse Brown 1) | ]
19 [& MRM of 2 mass pairs, Time 1.69 10 1.98, ES+ (Acid Red 2B) -
20 [# MRM of 2 mass pairs, Time 2.68 to 3.00, ES- (Disperse Yellow 3) | |
21 [& MRM of 2 mass pairg, Time 2.4510 2.77, ES- (Disperse Yellow 1) I
22 & MRM of 2 mass pairs, Time 1.9010 2.17, ES- (Direct Red 28) I
23 B MRM of 2 mass pairs, Time 2.9010 3.17, ES- (Disperse Yellow 49) 1
24 B MRM of 2 mass pairs, Time 3.47 o 3.77, ES- (Disperse Orange 149) |

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 ESl 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.” (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
Chart'?'3 to aid the selection of a suitable UPLC column and the ACQUITY UPLC Column Calculator'® 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
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improvements in sensitivity and sample throughput.

100
i I
(5]
HPLC : @
_ B
! i o #
# Column: XBridge®
Cig 150 x 2.1 mm, 3.5 ym
Flow rate: 0.3 mL/min
Total run time: 17 min
Injection volume: 5 pL
O Time
-0.00 2.00 400 6.00 8.00 10.00 1200 14.00 16.00
100 10t 10l il
(5]
: ]
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Column: ACQUITY UPLC BEH
Cig 50 x 2.1 mm, 1.7 pm
Flow rate: 0.6 mL/min
Total run time: 7 min
Injection volume: 5 pL

%

Time

200 250 3.00 340

e TiMe
16.00

000 200 400 600 BOD 1000 1200

s ds bl
14.00

Mixed calibration standards, ranging from 0.01 to 1.5 ug/mL, were prepared and analyzed for all of the
compounds considered (equivalent range of 4 to 600 ug/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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2 #| Sample Text Naimg RT| Type Resy Std. Cone SN -
=l 1|Blark 1 17_JUL_D15 1.81 2108 1.364 |
2 2|Blark 1 17_JUL_D16 182 0186 2003
3 3| Calloration st 0.01 ppm... [17_JUL_017 1.81 | Stanciard 267.195 0010] 56778
a 4| Calibration std 0.025 pp.... [17_JUL_018 1.81 | Stanciard 591 647 0025 164528
5 5| Calibration std 0.05 ppm._. |17 _JUL_0M9 1.81 | Stanclard 1229.718 0.050 248817
6 & | Calibration std 0.075 pp.... [17_JUL_020 1 81 Stanciard 1848 675 0075| 1279851
7 7 | Celibration std 0.4 ppm (...[17_JUL_D21 1,81 |Standerd 2463 691 0100] 955024
8 8 | Calibration std 0.25 ppm... |17 _JuL_022 1.81 | Stancard 6027421 0250] 645740
8 | Calibration std 0.5 ppm (...[17_JUL_023 1.81 | Stanciard 11885.380 0500] 775932
10 [10]Calibration std 1 ppm (. [17_JUL_024 1 81| Standiard 23092 500 1000| 2366 876
11| 11 |Callbration std 1.5 ppm (... |17_JUL_025 1.81 | Stanciard 34823.598 1500] 3128318
12 [12]Btark1 17_JUL_028 1.81|Blank 0.627 2,702 c
Calibration: 24 Sep 2012 11:06:16 [~ chromatogram
(Compound name: 24- Acid Red 26 17_JUL_022 Smooth{Mn,2x1) F21:MRM of 2 channels,ES+
CaefﬁclamafDe’fermmahon.zR =0.899875 Calibration std 0.25 ppm (without 20) 43721211
ICalibration curve: -570.26 *x*+ 23992 .4 *x + 65.2031 .
24- Acid Red 26 3.082e+005
Response type: External Std, Area 100 1.8
ICurve type: 2nd Order, Origin: Exclude, Welghting: Null, Axis trans: None EUQ‘? 42
309020
x X
0.0 ’ i
I P
-'% -5.0 \4_
.3 7 0 | REEEE R . T TTrrrT T T min
1009 i
Conc 17_JUL_022 Smoaoth{Mn,2x1) F21:MRM of 2 channels ES+
s i Eeh Sk Wi : * ey Calibration std 0.25 ppm (withaut 20 437 » 355.1
24- Acid Red 25 5.873e+004
gul 181
S 1124 64
50000+ 57744
2
S 20000 %
3 3
@
& 10000
i LR Lkl B R LALLE | T IRALAL LAAAR | T T Conc 0 TITIT I T |.w.“-.w.mqu..,..u,\..‘H., .J,..umm
-000 020 040 060 080 100 120 140 1.700 1750 1.800 1.850 1.800
Ready 2 24- Acid Red 26 NUM
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Acid Red 26 Disperse Yellow 1 Disperse Red 1

98 983 98
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98 98 98
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2.00 2.50 2.50 3.00 3.00 3.50
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2 T B B I B N 2 R R
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Basic Violet 14 Disperse Orange 3 Disperse Blue 124
983 | 933 | 98
B e R e I B S R -2 R N L
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Disperse Blue 7 Disperse Yellow 3 Disperse Orange 37
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D % @
S % 8

-2
T T
2.00 2.50 2.50 3.00 3.00 3.50
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cﬁé | ES % ‘ a“% ‘
27+ T T -2 B L i s s L
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Disperse Blue 3 Disperse Yellow 39 Disperse Yellow 23
98 98 98
553 ES % 553 ‘
’2|‘|\\\||\\\|| ’2|\|\|‘|||\‘\_r|||\|\| ’2"”\""|"'_"'\--w-
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Disperse Blue 102 Disperse Brown 1 Disperse Orange 149
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72|‘|\\\||\\\ |||\|_!_!_!_Tim872I\l\l‘lll\‘\_rlllwlwl'l‘ime 72"“\"" ||‘|\||‘|"|‘ime
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Figure 4.

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

é'ag%vﬁagnatﬁoaﬁggi%g/g in textile samples).

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)% and the instrument parameters as detailed, the results

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

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

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

standards.

Dye Sample Replicate injection results (pg/q) Average recovery RSD
1 2 3 (blank corrected) % = (%)

Blank ND ND ND - -
Disperse Brown 1 75 pg/g er.7 llas 748 95.1 5.0
30 pg/g 21.1 20 272 9].2 N

Blank ND ND ND - -
Disperse Red 1 5 pg/g (5.3 75.0 8.8 102 2.8
30 pg/g 332 21s 33.7 110 3.3

Blank ND ND ND - -
Disperse Yellow 1 75 ug/g rardl| 80.9 82.2 107 3.3
30 pg/g 28.0 304 29.5 97.7 4.1

Blank 0.28 0.36 0.40 - -
Disperse Yellow 39 75 ug/g 74.0 80.8 81.6 105 54
30 pg/g 30.3 30.4 31.2 101 1.6

Blank ND ND ND - -
Disperse Yellow 49 75 pa/g T2 72.6 3.8 96.7 1.8
30 pg/g 27.3 27.0 271 91.1 1.3

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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