
EPA/600/A-95/072 


LC/MS TECw.-JIQUES FOR THE ANALYSIS OF DYES 


bv 


J Yinon 1 L. D Bctowski: 1.1nd R. D. Vm-ksner
• 

I. 	 We1zm1.1nn Institute of Science. Department or Enuron111ent<1I Sciences 1.1nd Enert,•y Research. 

Rehovot 76100. Israel 

2. 	 US. Environmental Protecuon Agency. Em 1ronment1.1I tvlonnoring s, stems Laboratory. Las Vegas. 

NV 89119. USA 

3. 	 Research Tn1.1ngle Institute. An1.1l~1ical 1.1nd Chemical Sciences. Research Triangle Park. NC 27709, 

USA. 

http:1ronment1.1I


CONTENTS 


I. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 


2. Thermospray (TS) - LC/MS ....................................................... 3 


2.1. Principles of Operation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 


2.2. Applications to Dye Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 


3. Particle BeamtPB) - LC/MS ..................................................... IO 


3.1. Principle of Operation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l 0 

3.2. Applications to Dye Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 


4. Ion Spray and Electrospray (ES) - LC/MS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 


4.1. Principles of Operation ................................................... 15 


-U Applications to Dye Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 


4.2.1. API-MS of Sulfonated Dyes ......................................... 16 


4.2.2. LC/MS of Dyes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 


5. Summary ..................................................................... 22 


Notice .............·.................................................................. 23 


References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 


Figure Captions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 




1 LC/MS TECHNIQUES FOR THE :\'.\AL YSIS OF DYES 

2 

3 l. Introduction 

4 

5 Dyestuffs nre of nrn1or ennronmen!lll interest hcc:'lllse or their'' 1desprc::id use ns colorants m ::i 

6 variety of products. such ::is te:xt1lcs. paper. kathcr. g::isol 111.::. :rnd foodstuffs. s\ nlhCllC 111tcrmed1atcs. D\ 

7 products. and dt:t,'T<JdiltlOll products of these d\ CS WU Id be potCntl:l! JH:aJth haz::irds because of their [0:\ICIL\ Or 

8 carcinogen1cll\ 

9 

10 The nnnlvs1s of ch es puses spc;.;1;i! probkms for the i.:hcm1st. The chcs Jo nut belong tu one group of 

11 chemical compounds. but cncomp:1ss mam d1c11m:al runu1onal1t11.:s. r:mgmg from 111o:ah 10111c 10 purch 

12 covnlenl. The anal\ sis of sud1 n I :irgc ':met\ oJ' coml)ounds poses di 1Tlcul11cs because ol largc d1ffcrcnces in 

13 solubility. \Olatility. 1on1zat1on cflic1c11c' . .::tc. A scm;i1111c problem ot'lcn leJd1ng to cont'us1on 111 the anal~sts 

14 of dyes 1s the d1ftcrcnce between dye cbss1licauon ;md dye use. D~ c cbsstlicnllon 1s b:1sed on the ma1or 

15 fWlcttonality of Lhe dye :1zo. <mlhr:-iqumone. pol\111cthinc. phth:iloc' :-inme. sulfur. mylmeth::me. sulbcne. and 

16 cownarin being the main classes. The use of a d'c gi:ncr;-ilh refers Lo the manner 111 '' h1ch the dye 1s applied 

1 7 Some of the more conunon applicatJons nre 111 ncid1c or b:1s1c 111cd1<1. as mordants. lnkes. pigments. solvents. 

18 or d1spersants. 

19 

2 0 As an additional compl1cat1on. some of Lhe manufoctunng precursors to dyes are earned over to. and 

21 are not removed from. the tinal dye product. The result is a complc:x mixture characterized not only by the 

2 2 dye itself. but also by several other compounds. Most dyes. mcluding sul fon<1tcd aw dyes. nre nonvolnttle or 

23 thermally 1uistablc. and therefore are not amc11:1blc to gas chromatography (GC) or g::is phase ionization 

2 4 processes. Therefore. GC/MS techniques cannot be used. 



1 Se\'ernl dcsorpL1on 1on1zat1011 mctilods ha\e been used lor the a11ai\s1s old\ cs. 

2 

3 a. Field Desorption (FD) Mass Spcctrometn 11-3 I 

4 b. Secondary Ion Mass Spectrometry 1Sl\1Sl l-1-71 

5 c. Califomium-252 Plasm:i Desorption Mass Spcctromctf\ !PDMS) IX.lJI 

6 d. Fast Atom Bombardment ( F AB) Mass Spectrometry I l0-1-11 

7 c Laser Desorption Mass Spectrometry 115 I 

8 

9 Because of Im' sample punty. modern complex J\es cannot be an ah 1cd usrng the abO\ c menuoned 

10 direct probe techniques. Ho\\e\·cr. the combm;iuon of liquid chromatogr;iph~ \\1th mass spectrometry 

11 (LC/MS) enables the sepnrnt1on of 11011\'0btilc. them1alh unstable. :md polar d\ cs lor 111troducuon 1mo the 

12 mass spectrometer for 1dent1licat1on Sig111lica111:1d\:i11ces 111 co111b1lll11g LC :md \15 ha\'e occurred 111 recent 

13 years and have been extcns1 \'ely re,·1c\\ ed [ I (i- I l) I 

14 

15 l'v1ost of the earlier \\Ork on LC/MS focussed on the 111compallbility oJ' LC mobile phase ilows and 

16 the vacuum requirements of the mass spectrometer An aqueous re\ crscd-phase LC mobile phase at a flow 

1 7 rate of I mL/m111 can generate 1- -I liters of gns \\hen 111troduccd 1mo n m;iss spectrometer :it Io·" torr. This 

18 exceeds the operational requirements of most MS systems. In addition. the them1al !ability or low volatility 

19 of the analytes may impede their trnnsforrnntion into the ,·apor state and subsequent ionization by electron 

2 0 ionization (EI} or chemical ionization (CI) As a result of rese:irch in 111terfocing LC with MS. three major 

21 types of interfaces and LC/MS tcchrnques hnve been dc,·elopcd 

22 

23 a. Thermospray (TS). 

24 b. Particle Beam (PB). 

2 




1 c. Ion sprny and Electrosprm (ES) 

2 

3 These LC/MS methods ha\e been aDpilcd 111 a l;irgc \ arit.:l\ of ;mah ucal problems This chapter will 

4 descnbc the applicallon or these LC\1S lccim1qucs Ill th.:: :mah SIS of d\\.:S. 

5 

6 2. Thermosprny (TS) - LC/MS 

7 

8 2.1. Principles of Operation 

9 

10 Thennosprn~ 1s a'' 1deh acccptcd tccirn1qu.:: bccwsc 1l c:m handle mosl mm .::nuonal LC sol\ ems :md 

11 flow rates. ns well ::is pro,ide ::i means Lo gc!lll\ 101111.c most non\olatilc or thcm1alh unsrnble samples. It has 

12 good sens1tm1y. "·ichm ::i factor or I 0 to that of GC!\1 S The mtcrfocc 1s commerc1allY a\adable for most 

13 mass spectrometers and is s11nplc to use. 

14 

15 The techniques and mcch.imsms ot' thcrmospra' h;1\ c bc.::11 rcnc'' cd j I<JI The aqueous solution of 

16 the snmple contnms a \Olntde electrolyte ( typ1call\. Jmmomum acet:iLe) at concentrations near 10·1 \I The 

1 7 TS mterfoce COllSJSlS or a vaporizer. where the mobik phase IS heated to form a h1gh-vcloc11:y spray. As n 

18 result of the srnustical distribution of ions in this sprm. some or the micrometer-size droplets of the spray are 

19 electncally chnrged. The high electric licld mduces desorption or perrom1cd ions from the liquid solution into 

2 0 the gas phase. These ions could result from the solute molecule b\ protonation or addition of solvem cluster 

21 ions. The pnmary ions produced in the TS process :ire identical With those produced in solution m 

2 2 runmomum acetate solution. the ions are NH 1 and CH,CO:·· and clusters of these ions with wnter. ammonia. 

2 3 and acetic acid. Equal amounts of positive nnd negative ions nre produced The droplets enter the source. 

2 4 where the ions are e.-.;trncted through the ion cx1l cone. wlu lc ncutrnl molecules go to a cold trap connected to 

~ 

. ' 



1 a mechanical \'llCUllll1 pump. This e:--;tract1011 process llilO\\S the 11llroduct1011 or ::i lotlll ot' 1-2 mL/111111 of LC 

2 effluenc. while m:llntntntng ll pressure or Io·' Lorr 111 the n1ass spectrometer 

3 

4 The TS interface Clln llccept flow rates as low llS 0 l 111L!111111 through the addillon of solvent 

5 post-column to result in a total llow rate of I mL/111111 It c111 llccommodate most sol vents used in nomrnl or 

6 reversed-phase LC llnd any rnllltile buffer TlllS 1s the onl~· interfocc tlrnt opcrlltes optimally under highly 

7 aqueous conditions. mth best s::imple 10n currents llt IOO'Y., \\ater 120 I The mterfoce c::in be operated 

8 smoothly through ;i soh ent grnd1cnt LC anah sis 1r the 1 :1pon1cr tcmper;iture 1s ad1ustcd to compensme for 

9 changes in the heat of\ ;iponzllt1on of the chm1g111g LC soh cnt Bu llcrs neccsslll"\ for thermos pray 1011 

10 fonnat1on do not have to mterfcre \\1th the LC chro1mtographic scp;u::it1011 bcc::iuse the\ clln be ::idded 

11 post-column 1211. resultmg in opum::il LC ;111d ~1S operllt1011 

12 

13 Thennosprny is both an 1onizat1on llnd enrichment technique. [ons mlly be produced by CI. 111itiated 

14 by a filament or discharge. or through 1011 e\ aporation. The major disadvantage of them1ospray 1s that the 

15 ioruzation occurs in the solvent at a relatively high source pressure of at least I torr. As a rcsulc. electron 

16 ionization (EI) cannot be used The spectrLJ. therefore. c:mnot be compared with those of the readily 

1 7 accessible. commercially available El librnncs. 

18 

19 2.2. Applications to Dye Analysis 

20 

21 Betowski and Ballard 1221 used tandem mass spectrometrv 111 con.runcuon with a TS interface to 

2 2 elucidate the structure of Basic Red J4. The mstrument \His n Finnigan MAT Triple Stage Quadrupole 

2 3 modified for thennosprny 1omzation. The HPLC consisted of a Rheodyne Model 7125 u~jector valve and a 

24 Waters 6000A solvent delivery system. The column wns a Brownlee RP-2. IOcm :x 4.6mm I.D.. 



1 anal~1ic::il CJrtridgc column. Aqueous() I \·1 ;\llllll0111lllll JCCl:Jl<..'./lllClhanol (1J> 3 \I\ I :ll J llO\\ rate or 

2 I 3 ml/min wns used :is TS buffer 

3 

4 The TS pos1m e ion m:iss speCLnllll ol BJSIC Red 14 ~('11CfJtcd J b:ise pc:ik or 1111/ 344 that \\JS 

5 construed to be the parent ion. HO\\e\ er. 111 add1uon LO this 1011. there\\ ere peaks or s1g1111lc::int ::ibundanccs nt 

6 miz 174 ::ind 189 There was :ilso a peak (ca 35--W pcrccm rcl:Jt1\c abundance) at nvz 346 Since TS 

7 ioniz.:ition 1s a soil technique. these ions \\.::re annbuLcd Lo 1111purn1cs 111 the Basic Red 14 This assumption 

8 was strengthened by the MS/rY!S collis1onnl induced d1s~oc1;1llon 1CID1 spccm1m of miz 3·+4 The ions at 

9 miz 174 and 189 were not present 111 th1s spcctnun. The CID spccLra of tile 1011s at miz l 74 and 189 

10 suggested these \\ere the - ions of ;rn mdolme and ;1 b.:111;ildcl1' J..:. rcspccLJ\ cl\. and the structures \\Crc 

11 confirmed \\Hh the J11thent1c standards. An 1111pm1a111 class nf cn10111c ,hes. the mcthmcs. ts prepared b\ the 

12 condens<:1t1on of an aldd1Ydc mth an 111dol 1nc. When ihc condcnsauon rcacuon or the idenu lied mdoline and 

13 benzaldehyde was performed. the mrxcurc !limed red. :md the tlwnnospra\ spectrum or the product shO\\Cd a 

14 m/z 344. which. under CID conditions generated a spectrum 1dcnucal to the m1t1al spcctrnm. The nvz 346 

15 ion proved to have onginmed from a compound formed as ;1 result of a reduction or Lhc parent d~ c 

16 

1 7 Ballard and Betowski t23 I continued their" ork on TS of dyes. using the s<1me rnstrument. with a 

18 study of 16 dyes belonging to sex d1ffl!renl classes They rcponcd dctccuons lirrnts from 15 to 200 ng for a 

19 vanety of dyes. Them10sprny 1on1zntion \\ orkcd well for the rcpresclll:Jt1\·c d~'es of the azo. methme. 

2 0 arylrnethane. anthraqumone. coum:mn. and -..::mthcnc classes Ho\\C\ er. tl11s tcchrnquc \\Orked less well for 

21 the sulfonated dyes. For exnmple. Acid Orange (1 (Fig I) 1s a sodium salt or a rnonosulfonated. monoazo 

2 2 dye having a molecular weight of 31 <i daltons. In the pos1Lnc ion TS spectrum. the (M + Hf and the (M + 

2 3 Nat ions are observed at m/z 317 and 339. rcspcctl\'cly The base peak in Lhis spectnun. however. is the ion 

2 4 at miz 295. which corresponds to the proton med sul fonic acid form of this dye. 



1 The negati\'e 1011 TS specm1m shows an 100 al m/z ltX'. ''h1ch corresponds Lo Lhc anion of this dye. 

2 (M - Na)· \V11en the auxiliary tilnment was tu med on. 11111. l l)4 appenred. This ion \\as 0ttnbuted to the 

3 electron capture product ot' the Cree sul fon1c acid. '' h1cll 111n\ be present ns an 1111purtt\ The negntn e ion TS 

4 mode was found lo be less sens HI\ c th:m the pos1tn c 1trn TS mode O\ al lcnst n L1cLor or ten 

5 

6 Covey and Hemon f241 uscd :i dual purpose DU/TS LC~vlS 1nLcrfocc. '' hich was 1mroduced into a 

7 Hewlett-Packard 59858 GC/MS na the standard. direct 1nsc111on probe 1nict. A' ;1ncty of compounds \\ere 

8 analyzed \\Hh this 111stnimenl. mcludrng an 1ndustri;1I d~c. sul!'orhoJ:im111e 8. Th.:: TS mass spectrnm 

9 mcluded an .'v1W ion at m/z 5.:") :md a fragment 1011 at 11v 1. :,U, i 

10 

11 Voyksner [ 251 demonstrnted the use of TS-LC /MS lo characterize :izo. drnzo. and anthrnqumone dyes 

12 in wastewater. soil. and gasolme. TS mnss spectra or the anal\ 1.cd d' cs produced mamly \1W ions mth !Cw 

13 fragments. Sw1tchmg the ti lament "on". produced addtllonal l'ragmcm 1011s \\ h1ch helped in the structural 

14 elucidation of these dyes The con1111crcial ctiazo and :111thraqu111011c d\CS pro1·cd to be \cry complex 

15 mixtures of nearlv 40 nlkvl-substil utcd d' c components. m;ikmg mo111tonng and idcnt11icM1on or a pon1cular 

16 dyestuff difficult The dctcct1on limits \\ere found to be 10 ppl 111 \\aStC\\illCr. 100 ppb in soil. and I ppm m 

1 7 gasoline. Fig. 2 shows the mass chromntogrmns of n commcrc1:il red dYc spiked mto gnsolme. 

18 

19 Thennospr;:iy LC/\15/MS n as found to be effoctl\·e in the anal~ sis of w;istcwnter for disperse azo 

2 0 dyes [26]. In this study. Disperse Red l was used to test the cffecti\'cness of nn activated sludge process. 

21 Primary effiuent from a mm11cipal wastewater treatment plant was used as the feed for the system. The 

2 2 system was spiked with two concentrations of the dye. The samples were analysed by a combination of 

23 HPLC/lN-visible. TS-LC/MS. nnd TS-LC/MS/MS. The results from the mass spectrometric methods for 

24 various samples agreed mth the HPLC/lJV., isible results \\'llhtn 5 to IX percent. The average prec1s10n for 

(, 



1 the mziss spcctromelnc mi.:thods l'<l:> l2 percent Th..: LC'\lS and TS-LC\IS!i\lS S\Slcms \1erc 

2 imponant for not onl\ monnonng the disappc:ir:inc~ oi' Disperse Red I. but also for 1dc11L11\·1ng breakdown 

3 products from the ncm·mcd waste process :-\ i;;:i1or dcgrad:iuon product had the same nommal mass :is a 

4 maJOr interference 1011. Tandem mass spectromct\ 11as required to d11Teren11:uc bet\1e.:n thc background 1011 

5 and the degrndntion product ion. Another compiicat 1011 111 1dc11L1 I\ 111g ti 11s product 11 :is that the inllini mobile 

6 phase !:,'TUdient did not cause this compound to elute. !t took the :ldd1L1on ol O I M ammonium Jcctmc to the 

7 mobile phase to help dute this brcakdmrn prcduct 

8 

9 Flor: ct ai. 1271uncsllga1ed1 :1rious !actors tiiat :ii'!i:ctcd the thennosora' response for mnc 

10 sulfonmcd uo dyes. They used a lllt)dt lied He\l li.:tt-P:11.:kan1 ~'JXX.A mass spe1.:trome1er connected lo a 

11 Sc1entttic S~slems Mod.cl GS40tl HPLC ~r•1d1c111:\\~lcm\1;1 :1 Vcstcc TS 111tcrfocc Their ma1or rinding ''as 

12 that too l11gh a concemr;it1on or'a1111110111u111 :JCcl:llc buffer suppresses the 101111m1011 of these a1110111c U\es 

13 They suggested that the ma1or iornzauon processes 111 these d\ cs is anion cvaporn11011 directly from chc 

14 droplet. ff too high a concentr:n1on of ;1111111ornum ;;cctatc 1s added. c_1ect1on of the more \ olatde acet:ite 1011 

15 ,,.;u compete'' 1th the eYaporat1011 of the dve :1111011 

16 

17 Yinon Cl al f 28. 291 \\"Orkcd Oil 111crcns111g the ~ensiti\IL\ ol the TS technique by USC or .'.l wire rcpeller. 

18 A series of dyes belonging to different chcm1c:il cl:isscs I Fig 3) \\Cre :.mah zed by TS-LC/\.15 using a 

19 modified source conta1mng a wire rcpeller. The mstrnmcnl used was a F111111gan ,\ii AT triple-stage 

2 0 quadrnpole (TSQ) eqmpped '' nh a Vescec ion source and thcm1ospra\ lntcrfncc This 1011 source was 

21 originally not provided \\Ith a repellcr. :-\hole ''as ctnlled c-.:nctl\ oppos11c the 1011-c.xtrnct1011 furu1el nnd a 

2 2 0.025 in. drnmeter copper \\tre was 111trod11ccd. insulated \\1th il ceramic tube. The wire faces the fwmel but 

2 3 does not protmde into the ion chamber volume. The rcpeller was operated nt a voltage range of 220-250 

2 4 Volts. The HPLC consisted of a Rheod~11e Model 7125 111_1ector \ill\'e and a Spectrn-Phys1cs SP8700XR 



1 solvem dehvery system. A syrmgc pump (ISCO LC:-5000) \\ilS rn1111cctcd to the S\Stem lo ,folivcr the buffer 

2 (0.1 M ammonium acetate) postcoltm111-v1n the TSP 111lerfr1cc mto the source . .\1cthanol-water \VOS used JS 

3 mobile phase. An mcrcase or abom two orders or mag:111tude·\\ :is ob tamed'' llh the mrc-rcpeller. :is ''di :is 

4 an increase in the relntne 1ntc11sll\ or the moh:cubr 1011 'crsus thc rragmc1111011s Figure..+ sho\\S the mass 

5 spectra of Disperse Blue 79 ilt rcpcller 0 :md 250 Volts. rcspccll\ cl\ 

6 

7 The TS pos1t1,·e 1011 mass spectra oi' se\crill sul fo11.:11ed dyes ''ere recorded for the first tune because 

8 of the increased sens1tl\'ll\'. For c:x:imple. the lllilSS spectrum or Acid Blue 40 hJS a btise peak .'.H m/z 372. 

9 probably due to loss of N:iSO, from thi: proton:ui:d mokcuk :rnd r;:oplaccmcm ol th1s \JaSO, group h' a 

10 hydrogen atom. Lower-abundance ions 111 the m:iss spci.:trum 111c!uJd the \I H · 1011 at m11.-+ 7-L an I\:l+N:i 1

11 ion at m/z 496. l\1+\Ja-HCOCH,J" :it 111/1 ..+52. I\!H-H:COCH ,I :n m/1 . .j.2!). I:-...tH-i\H:·H,COCH,: · at m/z 

12 412. (MH-SOJ" :ll m/z 394. and f:'vlH-NaSO,+H-CH:COI ;11 mi1 3:rn 

13 

14 Losses orSO,Na ;:md 2SO,l\a as \\ell as losses or Na and 2N:i. from the protonatcd molecule. were 

15 observed in the sul fonmcd dves Thc loss or each one or these groups 111\'0h ed the rcplaccmcnl by a 

16 hydrogen atom. Acid Blue 40. which has only one 50,Na group. :ind Acid Red 114. \\llich has two SO,Na 

17 groups attached to the s:ime nng. lose one and two SO,Na groups. respccti\·cly. Direct Red 81 and Acid Blue 

18 113. e<ich having two SO,Na groups on different rings. lose both one and two Na atoms. but do not lose SOJ 

19 groups. which seem to be more strongly :ittached to the molecule 

20 

21 The same instmment was used to ncquire rcpcller-acl1\ alcd colhsionally mduccd dissoc1at1on 

2 2 (repeller-CID) mass spectra of dyes 130! These were obtained by applying a voltngc of 400 Yon the 

2 3 wire-repeller. The muss spectra contained n lnrge number of fr:tgmcnt ions th:it were useful for structural 

2 4 elucidation. Some of these fra!,'t1Jcnl ions were found 10 be s1mi lnr 10 those obtained by thermospray tandem 

x 



1 mass specrrometry \\1th CID. :ind some 01'1hcm \\Crc s1m1br to those obt:imcd b\ El. ':sing :i p:i111clc bcnm

2 LC/MS. Fig. 5 shows :i compnnson oi'thrcc mas~ spcctn oi'Di,;pcrsc Yellow~ TS-rcpcllcr-CID. 

J TS-MSiMS-CID ano EL 

4 

5 . .\ TS-LC/:V1S system\\ OS 111oci1licd !Or thc ;mal\ SIS or d\ cs b\ rcstncung the TS \ aponzcr C'lt onlicc 

6 and adding a needle-up rcpcllcr lo the 1011 ·~ourcc I:: Ii .\11 111crcasc 111 s1i;11:1l response for d1suifonntcd ;1zo 

7 dyes was observed m the neg:i£1\ c-1011 mode TS 111as,; sp..:ctr:1 cuma111..:ll 111::11111' 

8 [\.1-Nnl·. IM-2Naj2. :ind l\il-2Na...-HI ions. 

9 

10 The red O\ es of\\ OYcn fobncs from tile Grcco-Ro111:m penod. c'c:n :ucd ::it . .\kons 111 1mddle Egypt. 

11 were investigated bv ::i series 01';111;:ih·t1c::il 1cclrn1qt11:s. 1m.:luciing TS-LC/\IS 1\llh selected ion mon11onng 

12 [32 J. The instniment used was n Sh1111ad1u Q P-1000 LC/'.\1 S The H PLC consisted of ::i LC f)-A pump :md a 

13 Sh1m-pnck CLC-ODS(.\:1) I .:\cm" -Lb mm I D column The sohc111 \\JS mcth:mol tJ lfVI mmnonium acetace: 

14 acetic acid (10040 7) nl n !low rate of I mU111111 Results ~howed the presence or Almmn (MW Jl mir. 240}. 

15 suggesting thm the fabrics \\ere ched \\l!h m:idd~r 

16 

1 7 TS-LC/'.'v!S together'' 1th GC/\,IS and pan1dc bcam-LC/\1S \\,;re used Lo study pho1odct,'Tnd;it1on 

18 products of Disperse Red I 6 7 1331 This d\ c is a '' 1dch used d\ e espcciallv for Jutomoblle cloth interiors. 

19 The instrument used \\ilS n Fin111gan MAT 4500 qu:idrupolc mass spectrometer equipped with a Vcstec TS 

2 0 interface. The chromatographic scpnrntmn wns pcrfonned on a Wntcrs 600 MS HPLC pump with a 

21 Supelcosil LC-I 25cm x 4.6 mm l.D. column. The flow race \\::JS I mL/mm through the column with 

2 2 post-column addition of 0 3 M nrnmonium acetate al 0.2 ml/min. The TS dnta provided insight into u !:,'Tent 

2 3 number of photodegrudntion products but" as Jess helpful in strncturc elucidation 

24 

.. ") 



1 TS-LC/Ms was used to :inal\ZC a series or disperse d\ cs c:-:tr:ictcd rrom poh ester <llld cellulose 

2 acetate fibers. a basic dye from orion liber. and :i ,·at dye from dc111m (T;ible I) 1341 Molecular 

3 characterization of each dye was obta111ed from the c:-:tract or a single liber. 5- l 0 mm long. The instnunent 

4 used was a 450 I B Finnigan 1\tlA T quadrnpole mass spectrometer" 1th a TS interface and ion source. The 

5 HPLC system consisted of CM4000 LDC \Iii ton Roy soh ent-clcll\ m s,·stem ''1th a Rheod~·ne 7125 miector 

6 ,·nlve and a Merck C,,. 15 cm:-: 4111111 ID column. The mobile phase. at :1 ilm' rate 01·0 lJ mLimin. \\as 

7 methanol-,.,,·nter. stnrtmg at 50 50 and changing" 11l11n 5 mm. to I(){)";., methanol The bulfcr. ll. I :vi 

8 ammonnun acetate. \\·as delivered post-column '1a the TS 111tert'ace 11Ho the ion source b\' a Constamemc Bio 

9 3000 Milton Ro~· dcll\c~ pump. The ion source rcpellcr \\as operated al :i 'olt:igc 01· I 00 V Figure (1 sho\\s 

10 the reconstrncted ion chromatogr:im and TS mass ~pcctrnm or Indigo ( Vllt Bl11c I 1 

11 

12 Thermospra~'. pa111cle bcllm. and electrospray LC/MS "crc used for the llnalys1s of a sen es of 14 

13 commercml azo nnd drnzo d~ es (Fig. 7) 135 J . The HPLC consisted of Wnters Senes 600 multi-solvent 

14 delive~· system. a Waters U6K miector and a Sphensorb ODS II. 2.:icm ~ 4 (1 mm ID.. .:i-,im particle size. 

15 column. Postcolumn ammonium acetate buffer add1t1011 "ns done \\Ith a Waters Model (,()()0 pump. The 

16 HPLC was connected ton Finnigan MAT 4500 quadrnpolc mass spectrometer' ta a Vcslcc Model 70 IC TS 

1 7 interface. TS anal\·ses of the tn\ est1galcd d\ cs produced mass spectra cons1st1ng pnmanly of MH- ions with 

18 very few frab'lTlents. 

19 

20 3. Particle Beam( PB) - LCiMS 

21 

22 · 3.1. Principle of Operation 

23 

24 Particle beam (PB) LC/MS provides a means of obtaining both El and CI mass spectra for 
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1 compounds that can be brought 11110 ll1c g:is plrnsc but ma\ not be :1mcnablc lo GC due to themrnl l:ibdil\ or 

2 lack of' olat1l1t:y EI m:iss spectra :ire more cas1h rcfcrcm:cd to mass spectral data bns..:s. '' h1ch can ass1sl 1n 

3 the identificauon of unkno,,n componcms 111 '<lrlous rnatnccs In add1t1011. El fragmcnwt1011 patterns offer 

4 valuable mfonnatlon 111 strncture clurnbt1011 The abil1l\ lo obt:lm Ci spcctr:1 ''ith the s;1mc interface makes 

5 1t possible to also obtnm molecular \\eight informauon on the analyzed compound. 

6 

7 In che PB interface. the transtcr or the ncmral an ah Le from the column to the 1011 source of the mass 

8 spectrometer is nccompltshed onlv h' :icrod\'na1mc means The PB 1111crtacc l.'<i-3XI h:is three b:is1c 

9 functions (I) ;icrosol fomrnt1011. t2 l di.:soh a11011. and (:;)moment uni separnuon or annh le from soh cnL 

10 Following LC chromntograpl11c separation. the rnlumn du:Jlc 1s p.:Jsscd 10 a ncbuli1cr. where the clucm 

11 (solvent+ anah le l 1s dispersed 11110 ;i fine 1111s1 01· dropkts .-\crosol 1<.ir111;i11011 is clone b\ :1 wa:-.:1al !lo\\ of 

12 helium. which nebuliLcs the LC cnlucm Thi.: rcsult111g ;1crosoi is 1h.::11 ct.::soh ;ited ma hcmcd d.::solva11011 

13 chamber. where the Yobt de soh cnt C\ apor;itcs. \\ hilc l he d1ssoh cd ana lytc condenses to IOnn solid 

14 micrometer sized pnrticlcs The rcsulllng 1111'\turc or particles. soh cm molecules and hcltum ;itoms is drawn 

15 through a small nozzle 11110 a pump~d d1;imber. causing a rapid i.:"p:ms1on to occur. The relnt1\ely h1gh-mnss 

16 solute particles Will gam high momentum from the e'\:p:ins1on. enabling them to tr;n crse the separator as a 

17 linear beam. Separntion 1s achieved by smnpl111g the p;irticle be<1111 through .:i small onfice tskimmer). leaving 

18 the gaseous solvent molecules nnd helium Jloms to be pumped J.\\oy. The process is repented in the second 

19 stage of the separator. with a result111g cnrid1mem or lo·' - I0 ' p;iruclcs rcl:ltl\ c co soh ent Finally. the 

2 0 pamcles pass through a shon trnnslCr line into the 1011 source The hentcd walls of the source tlnslH olatrlize 

21 the pnrticles mto the gas phase for El or Cl io11m1tion. The PB interfocc can handle common solvents for 

2 2 nonnnl or reversed phase sepnrnt1ons. 'olatile mobile plwse ndctitin::s. and llow rates up to I ml/min. 

23 

24 The use of EI or Cl is limited lo compounds th:iL can be brought mto the gas phase This 1s a severe 
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1 limitation \\'hen denling "11h the nonrnbtile :111d thenn:ilh unst:ihle d' cs th:it :ire often found 111 LC 

2 sepnrations. 

3 

4 3.2. Applications to Dye Analysis 

5 

6 \1nrbury et nl. 139) uscd PB-LC/\1IS !or the nnnhs1s ol'n series ord,cs. 111clud1ng Solvent Red I. 

7 Disperse Red I 1 :ind Disperse Blue 3 The 111stn1111ent "ns :in E:-;trel 400-1 qundmpole mnss spectrometer 

8 titted with a PB intert'nce nnd standnrd El/Cl source i\lethane "ns used ns Cl re:igent HPLC separations 

9 were done with n Wntcrs gradient system mth either a C., RCvl or C~ SS column Figure X shows the EI and 

10 CI spectra of Soh·ent Red I. In addition to the molecular ion at mil 278. stnictur::illv s1gmticant fragment 

11 ions are obtained. 

12 

13 Yinon et al. [401 mtcrf:tccd :in HPLC ton Finnig:in-:v1AT Triple Stage Qundn1pole equipped \\llh a 

14 4510 EI ion source by menns or:in E'l:trcl Thcm1nBcnm PB-LC/MS 1ntcr!'nce nnd used the system for the 

15 analysis of a series of commcrc1nl dves The HPLC: consisted or n Spcctrn-Phys1cs SP8700XR 

16 solvent-deliYery S\ stem '' ith a Rh cod\ ne 712.:' 111,1cctor 'nh c nnd n \i :man M 1croPnk MC H -5- '\J -CAP C 1 ~ 15 

1 7 cm x 4 mm I. D column. \1ethnnol-\\ mer. 111 a grad1cm mode. "ns used :is mobile phnse at :i llO\v rate of 0. 9 

18 mL/min. Table 2 shows the El mass spectra of the nnnlvzed dyes. Chnracteristic EI fragmentations in azo 

19 dyes included cleavnges of the N - C :ind C - N bonds 011 either side of the nzo linkage nnd cleavage of the N 

2 0 = N double bond. with transfer of two hydrogen ntoms to fonn nn amine The mass spectrn of most azo dyes 

21 contained a small moleculnr ion or none nt all. No frngmentation resulting from ring clenvage was observed 

2 2 in the azo dyes. 

23 

24 The detection limits of the analyzed dyes rnnged from 50 ng. for Disperse Orange 3. to 2. 7 ;<g for 

12 



1 Disperse Brmm I ...\s a comparison. tile LC/\.IS S\ st.::m·s scns1tl\ Il\ "as checked w1rh caffeine. for" h1ch a 

2 detection limit of~ ng mis found 

3 

4 Photodegradat1on products 01· D1sIJcrsc Red I(, 7 "..:re dctcr1111ned b' PB-LU~·lS (together ''uh 

5 TS-LC/0.1S-sce scction 2 2) \\llh :i Hrnlctt-Pack:ird .~'JXXA qu:1drupole 111:155 spectrometer I:;:; J The 

6 chromatographic systc1i1 us.::d \\:JS a \Vatcrs (,()(),\.IS HPLC pump :ind a Supclco:::.II 5-fllll LC- I. 2.S cm' 4 () 

7 mm I.D. column. The mobile phase\\ :is methanol-\\<llCI'. Ill ;i gr:1d1e11L mode. :ll a llO\\ r:ite or 0 .5 mL/111111. 

8 The ma1or photodcgrad:it1on patlm :l\ s \\ere lound to be reduction ot" the 111tro group. t"rcc r:idtci:ll loss of t\2 

9 followed by coupling 10 lonn a substllutcd b1phcl1\ I. h' droh sis ul. the ester. :llld \-deal!-;, iat1011. 

10 

11 The El mass spectra ot"a scnes or 14 COlllll1Crc1:ll J/O :ind -11:110 Lhcs I fig 7i \\<!fC studied l1Sll1g 

12 PB-LC/MS [3.5 J The HPLC \\:JS :1 \Vaters Series (iOO mult1-soh cm deli\ Cf\ S\ stem comrollcd b' a \Vatcrs 

13 600-MS system controller. The d\CS. dissohcd 111111cth'1nol or acctonllnlc. \\ere m1ected through a \Vi:lters 

14 U6K in.rector and scpari:ltcd on a Sphensorh ODS II. 25cm '4 (i mm I D. 5 . .111 particle s11.e. column. The 

15 HPLC \\as connected through a PB 111terfr1cc to a He\\ Jett-Packard Model .)tJXXA quadnipole mass 

16 spectrometer 

17 

18 From most azo dyes it \Vas possible to obtain molecular ion 1nfom1at1on and characteristic 

19 fragmentauon patterns !Or structural t.::luc1dat1on Ftg () shO\\ s the Rr c chromatogram or Disperse Bro\\·TI I 

2 0 and the corresponding El mass spectra of l '' o rcsoh ed components. The ma_1or peak (number I). at a 

21 retention time of 29. l min sho\\ s a mass spcctnim '' ith a rcl:-iti\ el~ snrnll molecular ion at m/z 432 and an 

2 2 intense p clea' age fragment JM - CH~OHr at 111/z 40 l. as \\ell as an intense C-N clca\'age product at mlz 

2 3 183. The shoulder peak (number 2) is due to a decomposit1011 product of the dye The two smaller peaks 

2 4 (numbers 3 and 4) are probably due to plasticizer impurillcs. The detection I urn ls \\ere in the range of 500 ng 

13 
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to 5 ~og. \\llh a s1gnai·lO·llOISC rallO or~. I. :ll l·ull SC:lll 

The chemical reduction oi' :11.0 th cs co1H:1111111g 11Hlus1nal sluJgcs usuaih J()rn1s :1 ncarh colorless 

effluent. Dependmg on the 1dcnL1L\ of :110 dn~s 111 the \\:JSLC. the :1ro111:i11c rcducuon products :ire more 

hannful to the enY1ronment than the umreatcd sludge componellls 

The use of Nn:S:O, or SnCI: LO clCLI\ c the N=N- lllOICl\ or Ll/.O l1~ cs folio\\ Cd by LC/ivtS :inalys1s of 

the reduction products IS a possible \\LI\ LO :JSSCSS LO\ICIL\ potC:llllal orcomplc-..: \\'1S[C sludges \'oyksner et 

al. [411 idem11icd the reduction products rrom the rcauct1\ c ck:i' age or i (, co111111crc1;1l a.1.o d' cs b~ 

PB-LC/MS. The 111sm1111c11Lal1011 used \\<JS the s:imc as 111 the IHC\ 1ous :ippl1c111on I~:'/ St:indards or the 

fanned ·reduction products \\ere used to coniirm 1dc111111cs The chc1111cal rcduc11011 methods resulted 111 ne:irh 

complete rcducllon or the ll/.O bond to ronn :1ro111a11c :1111111cs ()\era II. [Ill chloride \\llS the more PO\\·Crti.II 

reducing agent.' 1cld1ng a greater number 01· products Table 3 ,;110,, s the chc1111c:il rcducllon products of the 

investigated dyes 

14 
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1 \lc:isurcmcms ot',hcs \\llh TS-LC'i\IS 11-.:rc 1,H111d l\l ii ..: l)\ t110 to thrc..:: orckrs ofmJgrntudc 1~1orc 

2 sensHi\e 1h:rn \\1th PB-LC/\·tS P;-ic.; :ind Rd)\ 1-121,ma111cd ~:.:1cr:111.hc 11as1cs for S\lllhcuc precursors. 

3 transfom1:it1on products. :rnd selected Jrom:H1c :1111111c L11gct :111;1i11..::s :1ssrn.:1::tcd 11 llh the m:inuiacturc o!' JZO 

4 dyes The\' used PB-LC\1S ;111d CiC:'\1S 7hc LC\!S .,.\-;tc111 u111s1stccl or :i H·-::\11..:::u-P:ickJrd 10')0 HPLC 

5 with photometric detector. coupled b1 a PB rntcri'ai.:c tu :1 H..::11 lctt-fJ:1cl-.J1d 51JXX ..\ qu<iun1Polc mJss 

6 spectrometer Both El :rnd NCI ionw111on mod..::~ 11crc 11:-;cd 111 both llB-LC/:\'IS and GC!\1S s1stcms ""'.":1blc 

7 4 shows the comp;mson of 1cmati1 Cl\ idcn111icd compow1tis 111 ;m .it.0 die s:1111plc b' PB-LC/!vlS ana 

8 GC/MS. ScYer:il compounds 11ere dl!tcc1cd b;- (i(i\IS. b11t 1w~ b1 f>B-LCiv1S. because ot. the higher 

9 sens1tl\ !lv of GC/:'vl S. ln cont r:isl. sci erJi :110 compou11ds 11 .:re det.::ct.::d b~ P 8-LC/\I S but not b\ GC/1'.IS 

10 because the azo compounds decomposed t11 tile h~:ucd CC 

11 

12 4. Ion Spray and Electrospr:iy !ES) - LC/'.\IS 

13 

14 4.1. Principles of Oper:ition 

15 

16 In :i t:-v1~:il ES mass spcctrometer. :1 sohcnt 1101\ oi' I to i o .. L/1111111s mtroduccd ;n :itmosphcnc 

1 7 pressure into an ion source chamber through a st:imlcss steel 111 podem11c needle. '' h1ch 1s :it t,rround pOLenual 

18 [43J. The solvent flow lonns :i fine sprm or chJrgcd droplets m response to :in :ipplied electric field of 2 - 4 

19 kV. As the droplets cvnporntc. the :in;il\lC ions. whose poiant\' 1s opposite to the :ipplicd potenual. migrate to 

2 0 the surfoce of the droplets. where Coulomb repulsion cJ11scs the droplets to brcnk up 11uo ~et srn:il!er 

21 droplets. thus enhancing c1·:iporm1on At some mmimum droplet diameter. the anal~tc ions are believed to 

2 2 desorb from the droplets 11110 the g:is phnse This proc~ss 1s known as 1011 C\ npor;iuon. :ind 1s the primary 

2 3 mechanism for g:is phase ton form;it1on 111 ckctrospr:i~ 

24 
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1 A compound\\ ill ~·1cld ;:in observable ion 1!' it 1s able to 1on11.c 111 solution Thus. basic compounds arc 

2 dissolved in nc1dic solutions nnd nc1d1c compounds 1n basic soiut1ons. The resulting c:ll1011s and nn1ons ;1re 

3 analyzed 111 pos1ti\'e and ncgarn·e 1011 modes. rcspcct1\ ch 

4 

5 Ion sprn,· (pneumatically assisted ckctrospra\ 1 uscs p11cu111:it1cs 10 :1ss1::-t 11cbul11at1011 :ind dcsoh :itJon 

6 of liqmds 111 electrosprn,· Nitrogen is added coa:-;1alh to the samples to assist in the 11ebul11Jt1011 01 the 

7 liquid. A potcnt1nl of 3 - (, l\V on the needle ;1sscmbl~· char~es the droplets lor subsequent 1011 C\ :iporat1011 

8 Ion spray rs elTccll\C 111 handling most rcn::rse-phasc sohcms and 111obilc-!)i1:1sc :1d.i1t1\cs. :111d 11 c:--µ:mds the 

9 upper flow rate (e.g. :'O .;L/m1111. comp:1red 1\llh 1111:1ss1stcd 11chu111:H1011 111 clcctr•1'pL11 

10 

11 4.2 Applications to Dye An:ilysis 

12 

13 4.2.1. APl-MS of Sulfonaced Dyes 

14 

15 Atmospheric pressure 1oni1at1011 (APl)-\1S tecl1111qucs orpneum:it1c :1~s1sted elcctrospra1 11011 spray1 

16 nnd electrosprny [ 17. IX. 44 j ha,·e been demonstrated lor the dctcct1on or th cs. Electrospr:i1 :1chien!s the 

1 7 best sens1t1\'ity for compounds that arc prech:irgcd 111 solution (e g.. 1on1c species or compounds that can be 

18 protonnted or deprotonntcd by the ad.111s1ment or pH) !·DI For this reason. the 111111al \1orl\ \\tlh clectrospray 

19 .\.1S focused on 1on1c d1 cs such as sull011atcd aw dies.\\ hid1 h:m:: eluted an:1h sis b~ pa111clc beam or 

2 O thermosprny· LC/~1S. The ion spra\ or electrosprny of monosul li.mated a1.o dies consists of an lM-Na 1· arnon 

21 with little frngmentntion. Monsulfonmcd dyes 111cludmg Acid Or:inge 7. Acid Red 337. Acid Red 151. Acid 

2 2 Red 88. Acid Yellow 15 I. and Acid Yellow 49 hn\'c been analyzed by clcctrosprny or b\' ion spray [35. 45. 

2 3 46]. 

2 4 Disulfonated azo dyes mcluding Acid Red I. Acid Black I. and Acid Blue 1 13 could be nnnh zed by 
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1 API-MS f-1~--171 The m:iss spcctr:1 or these th es crn1s1-;t 01· !\l-21\:il-: :rnd i \'l-N;1j· ions_ Howe\ Cf. ..\c1d 

2 Blue 113 does not e-.;h1b1t :in I\tl-\J:1 I- :1111rn1 -:-1icr111:1lh :1~~1qcd dectrospr;l\ "as dcmonstrntcd b" Hernon c:t 

3 al. Lo detect n hc:-;nsullo11;11cd d\e 1 Direct Red XOi 01· \I\\ I 2~() l-1XI :he 111:iss spcctrnm sho"cd onh 

4 multiply charged ions rang111g from I\1-(1H I to Ii\ 1-2 HI: I-IX I 

5 

6 APl-MS techniques could :ilso prO\ 1dc stnu.:LL1r:1lh 1·cb :1rn 1·r:ig111ent:it1on mron11:it1on on the 

7 sulfonnted azo d\e ln collision 111duccd decomposit1011 iCIDl 111 tl1c tr:inspon region of the 111teri':icc 

8 T~v1cnlly this 1s accompl1~hcd lw increasing :1 c:ip11l:1f\ u1· unlicc potcnll:1l rcsult111g 111 the CID or mokcu!Jr 

9 species gener<1ted by dcctrospr:i\ or 1011 spra\ The t'!·:1g!11c1H 1u11 usu;1!h results 1·rom brc:ikilgc or the azo 

10 linkage \\1th the clwrgc staying \11th the 11101cl\ co11u111111g SO: Abo. 1SO:J 1011 at mu: so 1s a common LID 

11 fr:igment for these sultOnarcd :i10 th cs_ Figure I (J sho" s the CID spectrum or ."'.rnl Or:ingc I 0 using 

12 electrosprny transport CID 1200\/ c::p1ll<1n \Olt:igc1 to oht;i111~trnctura1111lorm;iuon for this d1sullonated :izo 

13 dve. Similnrh. CID lllron11~ll1on could he obt:i111cd ll\ tandem \IS on the J iv1-Na 1· <1111011_ 

14 

15 The AP! technique also prO\cd to be \Cf\ sens1tl\e l()r the dctcct1011 ot"the suil'onatcd azo dyes in 

16 negative ion dctccl1on. Full sc:in detection \\:is dcmonstr:itcd on 1-1 () ng quant Illes or these sul ronated JZO 

17 dyes. 

18 

19 4.2.2. LC/MS of Dyes 

20 

21 The flexibility of APl-MS penrnts Lile coupling or scp:irat1011 us1ng high !lo\\ rates or Yery low !low 

2 2 rates for onlme LC/MS. The use or :i heated pncumntic ncbuli/er \\Ith corona discharge (atmospheric 

2 3 pressure chemical ionization - APC!) pcm1illcd 1-2 111L/111m operation. \\ hile clectrospray or ion spray 

2 4 pennitted operation at the 1-40. iL/min range. In either case. chromatographic conditions for the separation 
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1 of the sulfonmcd ;17.0 d\ cs lllllSl cmplO\ \ oiatllC buffers(() 11111111111/C s11ppn.:ss1011 or the s1gn;-il. Sulfrm:11cd 

2 azo dyes were separntcd on n C., column usmg a grnd1cm or nccton1trilc in ''mer contamlllg U. I \:I 

3 ammonium acetate at 2 111Lim111 using tile APC! ;1pproac11 l-151 

4 

5 \\'111k APCI wulct tolerate higher ic, els l)r burkr. 1cspo11~'-' liJr the noh ~ulfonatcd am dn:s ''ere 

6 usually poorer compared \\'Ith the monosul I011:11cd :11u ,h cs. Tins d1 ffercm:c 111 response ma\· be :ittnbutt:d to 

7 the lower\ olatJl!Ly or the µoh sulfon:ucd di cs. rcsullrng Ill kss 111:-ttcn:il in the gns pli:isc !Or 101111.auon Q\' 

8 APCL LC/MS us mg 1011 spra1 succcssfu I h octcctcd the poh sul l'on;-itcd a10 dy cs 1451 To acl1 ic\ c the best 

9 sens1tinty the LC condiuons \\ere ch:mgcd 10 :1 I () :i1m i D C, Cl)lumn to reduce the 1101' rate to -l!I. :...111111 

10 and the ammornurn ;1cctatc co1Kcn1r;l1101111:1~ 1\:duccd to 11 111J I \I Highcr 11011 r;:itcs or higher le\ cl:; ol 

11 buffer \vould result 111 sign::il supprc~s1011 

12 

13 Also. c::ipill::lr' ckctrophorcs1s (CE l coupk:d lo ck:c1 rospra\·· :VIS \\as ckmonstr:itcd for the scp:!r:iuon 

14 and detection of sulfonatcd ::i1.o d~..::s l-lf•I CE s..::p:lr:it1011s us111g :\Ccto111tnlc llO\\ r:Hi:!s ol' l X .. :L/m111 

15 pennicted rapid scp::ir:i11011 ol'thc sui!Onat..::d a10 th cs. \Vhilc the high rcsolt1t1on scp;:irm1on cap:ibilit1cs of CE 

16 resulted 111 high j)C:lk COl1CC111fJliOl1S. j)Crllllltlll!:; tlClCCllOll llf JO\\ pmolc qt::ll1lll!C:> Of dyes. lhi:! JO\\' IBjCCtl011 

17 volmne of CE (2-30 nL) li1111td the conccntr:111on dctcct1on l11111ts. Lm' ppm detection l11mts \\ere reported 

18 for the sulfomned azo d\·cs b' CE/:v1S [4(>1. 

19 

2 O Cotio111c dyes h:i\ e been analvzcd us111g postll\ c 1011 dctcct1on clcctrospr:i\-l\1S mth i:,'Te:1t success 

21 These pre-charged cationic dyes arc \\ell Sllltcd !Or 1011 C\ aporat1011 101111.mton 111 clcctrosprnv MS. analogous 

2 2 to the negntiYe ion fomiation for the sulfon:ncd am dn;s prcnoush' discussed. For this reason. cationic dyes 

2 3 such as Basic Yellow I I (methinc class or d~ cs). B:is1c Violet l and Basic.: Green 4 (:irylmeLh:me cl:iss of 

2 4 dyes). and Baste Violet I 0 and Sol\ cm Red 4(J (,;:int hcnc class or dies J could be dcLcctcd :it sub-ng quam1t1es 
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1 under full sc;:in condtt1011s m 111g d..:ctrosprnY· \1 S 1-l'J I The m:1s5 spcctr:i ot' these c;:iuo111c ch cs exhibncd onh 

2 [Mr ions at co11d1uons_ th;:i1 do 1101 c:iusc CID (Im\ c;1pdlar\ llr un l.:cc po1c11t1:ils) :is sho" n 111 Figure I l :i for 

J B:is1c Violet 10 Sc,·cr:il \\;l\S \1..:1..: .:-1 :ilu:itcd 111 obw111111~ s1ructur.:il 111!(irm;it1011 un tllcsc mes 111ctud111g 

4 

5 (I) Electrospr;iv tr:inspon CID 

6 (2) Triple q1:ad111polc \1S/!\tS 

7 (3) Ion trap nrns:> spc<.:trom..:tn 1IT\IS1 \IS/\,IS 

8 

9 The three C!D 1cclm1qucs shom:d sin1cL11ral 111l()rl11<1l1lm but there \1crc 111a1or mffcrcnccs 111 energies 

10 available for ;:icc1vauon The use ofcb.:trospr:i\ transport c;o 111:1dc use: ot'thc 1olt:igc at the c;:ipill;:ir; c:x1t 

11 (Anal~tica of Br:inforct c!ectrosor:t\ source 1 to generate th..: C: !:::> fragnH:lll ions ( F1gurc 12 l 

12 

13 At :i lo\\c:ip1lla!"\ exit \Oltagi.: (:'O .. XOV). onh mokcular ions arc ddcctccL Ar :i high c;ipdkirY exit 

14 voltage (I Ml-240V) s1g111lic:i111 lbi;!ll1Clllal1011 IS ohsen ...;d or th..; three tcchrnques. the .::kclrosprny Lr:inspo11 

15 CID lrns the cap:ibilll\ 10 place th..: largest C]llJntll1es or llllcrnal energy l' I(, c\!) 11110 the 1011 LO genernte the 

16 most fragments 1501 This h:is bi.:cn dcmonstrntcll for Ba~rn: Violet I() (Figure 11 hl Scns1L1nty of this 

1 7 ;ippronch was superior due to the minimal ion losses at the nnous c;ipil !Jry exit \ oltagcs (the total 1011 

18 current was-near!\ constant over the rnltage range cr:1lu:ncd 111 Figure 12) C\ :ilumcd for CID Howe\ er. since 

19 there is no nrnss sclccuon pnor to C!D. lhi:: s1gnali1101sc and spcct licll\ or the appronch ma\ be limited m 

2 O complex samples or from cocluuon of componcms under LC/\!1 S cond1t1011s. 

21 

2 2 The electrospray ion Lrap-MS (ITMS) 15 1.5:; I nrnkcs use or initinl mass selection pnor to CID of the 

2 3 selected ion in the trap Molecular ions gencrntcd by clectrospr:-iy. gmcd into the trnp, are mass selected by a 

2 4 combination or rf and de fields. A tickle\ oltagc or 1-2V ;ipphcd 10 the cndcnp !Or 30 ms increases the 



1 h:1net1c energy o!'the selected 1011 t'1Jr CID \\1th h.:l1u111111thc1r:1p :-1' l(J' torrJ Thc 11i..::,k \Olt:ige. t:cl-.:lc 

2 time. :ind rftr.-ipp1ng 11..::ll depth tq;J c:111nc1;111cd to co11trol 1hi.:: c.'dc111 ot'cncrg~ tr:rnst:Cr to the sek:i.:tcd 1011 

3 resulting 111 different :1111ounLs or t·r:1gment:it1L)ll Figmc i .~ shm1 s the op1111111..-it1011 of tickle 1 oltagc tor the 

4 CID ot'the r:vw ion or Basic Yclill\\ 11 Fur tile C:lllLJlllC L:\cS. :1cklc \ ol1;1~cs ol 

5 2-2 8V \\ere optim:il (qz () 3. tickle lllllC 30 lllS. pressure -I' I(}'' tL)rrJ 1'or the gc11er:it1011 or Stntctur:iih 

6 relennt product tons. Higher uckic 1ol1:1gcs c:cctcd the molccul:ir !L1llS 11110 the tr:-ip '"llls. result mg m loss of 

7 senstll\lt\' Lo\\er 1ol1;1gcs Clld 1101 prm1de sullic:c:~l k111c11c c11crg1 ror CID ol.Lilc selected molccul:ir 1011 

8 The produce IO!lS \\Crc c1ectd rrom thc lr:1p to the 111ul11pl1c1· t:~111g the lll;JSS sclci..:::0:1 lllStaorlll\ mode GI 

9 oper:-it1011 

10 

11 \Vhilc the 1or11r:ip 1111p;ms ILl\\•'rc11crg1cs u:11m:1rcd 111th CID <11 t:ic clcctro~pr:11 tr:rnspon. s:grniic:illl 

12 strnctur:il 111t'orm:i11on couid be: ob1:i111cd Im these ,l\cs such :1~ [~:is1c \1uk1lO1 l-1~urc: lci Furthcnnore. 

13 incre:ising the q1. \ aluc cn:ibles more encrg~ to he 1111poned lo the 1011s rcsul1111g 111 ne:-ir equ11 :ilent 

14 frngment:it1on to ckc1rospr:i1 tr:insport CfD .-\lso. \IS" c:ipabil111cs oi'Lhe fT\,JS could gener:ite :idcl1tion:il 

15 stnicturnl info1111:it1on 1.:\3 I SenSlll\ ny or the IT\tS ::ppro:ich \\:JS comp:ir:ible 10 clcctrospr:l\ transport CID 

16 by the IT\IS approach. offering supcnor s1g11:1l/1101sc :md ;;pecliirn1 due to mass sckcL1011 prior to CID of the 

1 7 ions. 

18 

19 Tnple qu:idrnpolc I:\-+. ~:'ii 11:is :ilso c1:ilu:itcd lo ob1:i111CID111J'orm:it1011 011 :1 mass sekctcd 1011 In 

2 0 this instance. the molecular 1011 or 1111erest 1\ :1s ;;elected b1 qu;1drupolc I. the C: f D or the ion occurred 111 

21 quadrnpole 2 (30 c:\' l:ib energy 1111h Argon t:irgcL g:1s :11 I !lllOtTJ. :111d tl1e third quadrupole 11:is sc:inned to 

2 2 detect the product ions ron11cd. Although the triple qu:idrupole offered good spcctlic11y due to mass selection 

2 3 pnor to CID. the extent of fragmentation ":is l11rnted due to a m:i:-;1mum or 30 cV collision energy 

20 



1 <1va1lable on the 111s1rumc111. Figure i Id displa\S tilic trnJt..: qu;1uru1rn1c CID 11u~s spectrum oi" Basic 

2 Violet 10 for comp.:mson to the othicr CID ticcl1111qucs di-;cu~~cd 

3 

4 Ekctrospr;l\ has b.::cn :ilso ~ui..:i..:..::-;slul 1ur 11t1111..:ruu:-; ;11lJ ti\..:~ 1il:i1 ;ire nul 1on1c s;1its .-\10 U\CS 

5 consisting of both disperse and sol\ cnt dasscs 01· lhcs h:1\ c lic·..:11 ;111:1l\1cJ b' dcctrospra\ ivlS 1-+X ..N. ~ 21 

6 Spec1fic:illy. disperse d\ cs 111cludrng Blue 7'). YcllO\\ ) . Bron1c 2. Or:rngc I 3. Orange J. Red I. Red 13. 

7 Brown I. Soh-ent Red 3. Sohcm Red 23 ;rnd 2-l. P1gmc111Rcct3. ,md \kthyl Red h:l\c been :1nal\Zcd b~ 

8 electrospray or 1011 spr:1\' Optimal sc11s1111 !l\ \I as usu:ilh obscn ..:d at lo\\ pH co11d1uo11s \Cg.. ! ·~·~. ac:::uc 

9 :1Ctd) that promote the prolOll:lllO!l of a b:lSIC SllC 011 tile ~j\ C 1,) rnnn :1 C:ll1011 Ill :\Olllt!Oll. Ullder pOSlll\C 1011 

10 detecuon. The scns1L1111' for 111:~aL11c 1011 dc1..:c110111l11gh pH i1~111g l! : "<. ;11nmo111um liHiro'\1dcJ did not 

11 compare \\llh pos1t1\ e 1011 dctcc1m11 poss1hl\ due 10th.: Lick ul· '1L.:s t(.~r d.:-proto11;H1nn to !Orm anions in 

12 solutions. All these d\cs c-.;h1bncd 1:vt-HI ions and fr;igmc111:1t1c11 umk:r CID cu11d1uo11s 111 thc dectrosprav 

13 transpon E'\nmplcs of ..::lcctrospr;1' ivl S spcctr:i ul t \\ o a/O lh cs arc prcscm..:d 111 Figures I .:.I and 15. Figure 

14 14 shows the clcctrospra\ mass spcctn1111 01· Sl1h .:ill R.:d 2-1 Th.: fragmc111:it1011 \\:lS gcncr:ited b~ CID 111 the 

15 electrosprny tr.:msport 1c:ip1ll:if\ \nitngc: oi' I(,{)\!\ F1,::11rc 15 sho\\S 1h~.:lcctrospra\· tr.:111sport CID spectrum 

16 of Bronze 2 obt::uncd 011 :1 Vcs tee d~ctrospra' sllurcc. 

17 The electrospray MS annl~ sis ol the .:izo dye \\JS usualh more s..::ns1t1\ c compared Lo p:1mclc beam or 

18 thermospray. HoweYcr. the response did nol compare to the signals genernted by elcctrosprny for the cation 

19 or sulfonated d\'es. 

20 

21 Severn I :mthraquinonc dyes h:n e been :maly1ed by dectrospra\ l\·1S 15 21 These dyes 111clude 

2 2 Disperse Blue I and 3 Annlogous clectrospr<1,·~MS condit1011s 111c11t1011cd for the nzo d\es (low pH. posu1ve 

2 3 ion detection) were opumnl for the detection or these nnthrnqulnonc d\cs. The b:1S1c nitrogens on the 

2 4 anthrnquine nng sen·e ns the site or proton:ition 10 generate :i cation to obrnm optimnl electrosprnv- MS 

21 



1 sensitivity. The elcctrospr:l\ spcctr:1 or these d\ cs co11s1skcl 01· llllh I;...hH I 1L111 ullder null-CID co11d1uo11s. 

2 Strnclural 111fonnat1011 could be obt:-i1llec! ll\ CID 111 the ckc:rospr::' lr:rnspon :1s u..:11101lstr:-itcd for Disperse 

3 Blue I (figure I(i) 

4 

5 Rcsc:-irci1 111 llC\\ lllCLilodolo:;1cs sucll :1s c:cclrn'DI :1\ LC. \i 'i ::J\ c :;!-..::lll\ -..:lli1;111ccd 11;c :1bilit\ tu 

6 charactcnzc 111crc:-ismgl~ colllplc\. poL1r :111d 11ti111,1l::tilc Lhcstu11s Thc s..:11s11111L\ .111d spec1liC1t\ 1.ll\ CID 111 

7 the electrospra\ trallsport orb' :\ IS-':-.IS 1:1cl11i.:1 ..:d 111111 ckc1rosp1 J\ LC.'\ 1'-i ..:11:rnk~ tilc 11H'l11torillg tor 1racc 

8 lc\'els of d,·cs 111 1111:-.:turcs. :1 11cccss1L' ll1r c1111nll1111c1ll:1111H1111lLlrttl!.'. ur produc11rn1 proccs~ colltrcl 

9 

10 S11rn111 a rv 

11 

12 

13 in tcm1s o( sc11s1t1\ IL\ :rnd spcc1lic111 T..:cllil1qucs l1kc p:1rt1d.: h.::1111-Ll ·.·:vlS.11 h:cil 1s bascJ u11 g:1s ph:1s..: 

14 ionization process. :1rc llOL su1tabk 1·tlr 110111 ul;itilc cOlllih111c1ll~ s11ch ::~ ~ul li.lll:ll..:d :110 J1 cs. 

15 Thermospra\-LC/\1S Oil a s111gk: qu:1drnpolc s1 ~L..:111 us11:lih rc~uits 111 s1llgic 1011 spcctr:1. l:1cking structurJl 

16 infom1:-it1011 for compound co11il1111:-it1011. Elcctrospr:11 LC.'\1S 1irnb:1l~h n1 !°Lrs tile il..:st comb111:it1011 ur 

1 7 sensit1,·it~ :rnd spcc1ilcll\· t'C!D Ill ci-'ctrospr:11 transport 1\.·g1u111 Htl\h'\ ..:r. ..:kctrospr:i' ~\.~11s1l111l\ 1:-: ot'tcn 

18 reduced for 11011-pOlar d\ CS that Clo llOL Ii:!\ CSltC~ or protOll:lllOll or dcprOtOll:JtlOll LO l·onn C:lllOllS Or :llllOllS 

19 for their respccl1\c pos1t1Y;: or 11cg:itl\c 1011 d.;1cct101l 

20 

21 
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Figure Captions 

Figure 1. 	 Chemical Structure or Acid Orange(> 

Figure 2 	 \1ass chromatograms or I ppm or ;1 co111111crc1al reel ch c spiked into gasoline The ma.1or red 

componcnl (A) al m11 ~XI and the 111a1ur ura11gc co:nponcnl l 8) :ll 111/1 2-tt) :ire displayed. 

Fi~rure 3. 	 Chc1111cnl structures or d\CS a11;1h /Cd b\. TS-Llii\1S. . 

Figure 4 	 Co111pnrison ol'thrce mass spectra or Disperse Ycllo" 5. obtn1ned by (a) TS-rcpcller-CID. (b) 

TS-MS/l\1S-C:ID. and (c) EL 

Figure 5. 	 TS-LC/MS(\\ ith \\ irc-rcpcllcr) 111:iss spc<.:11•1 01· Dispcrsc Blue fl> <ll rcpclkr O and 2.:'0 Volts. 

respectn cl\ 

Figure 6. Reconstructed ion chro111:1logr:1m tRICi to TS mass spectrum or Indigo (\lat Blue 1 l 

Figure 7. Chemical strnctures or commercial ch cs anal\ 1.cd b\ TS-. PB-. and ES-LC/l\'lS. 

Figure 8 	 El- and Cl-PB-LC!tvlS 111nss spectra of Soh ent Red I. 

Figure 9. 	 RIC chromatogram or Disperse BrO\rn I and the corresponding PB-El mass spectra of t\\'o 

resolved components. pc:iks I and 2. 
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Figure 10. Elcctrospra:-. mass spectrum or 10() ngl.cL .~ol11t1011 (2-prop~rnoi \\atcr. J ·I) of Acid Orange 10 at 

a c:iptllar\' 'ol1:igc of -200V 

Figure l L Pos1t1\c 1011 mass spcctr:i or B:is1c \11olct In 

a) Ekctrospr:i~ -\IS 1hi11-C ID cond111oi1s 

b) Elcctrnspra,-\1S CID cu11d111om 1;i'i11\' cipdl;ir' 1 nlt~1g1.'l 

c) Elcctrospra\ IT\'IS CID mass spcctr:1 o! 111!1 -1-1~ ;ll a lu.:kk: rnltagc or 2 XV. qz 0 3. t1ckk 

time :w ms :md i.;.:1p pressure oi'-+ ' IO ' tor: 

ct) Triple qundrupok CID :n:ts~ -:pcurum 01'11111 -+-+'at ;111 ;1rgo11 pressure ot'.' mtrnT_ collision 

c11crg\ .'0 cV 

Figure 12 Elcctrospmy tr:inspon CID o!' B:1s1c Ycl ltm I I ( m\1 ~ :n) 01 er the capdlal\ c'-:1 t 1 oltngc range of 

-10-240V The rcl:H1Yc 111tcns1t1..:s or the rnol2cular 1011. product ions. and Lot:il 1011 currcnt :ire 

presented. 

Figure 13 Opt irnll:auon or the t1d;lc 'oit:1gc ;ippl1cd to the ..:11dc;1ps l'or CID or the If\1 r ion to product ions 

for Basic Y cllm1 I I 111 the ckctrospra\ IT\1S '\\ :>tcm The t,Jt:il pressure in the trap \\ ns 4 :--; Io·" 

torr. tickle' olt:igc \\as applied for JO ms :it ;1 q; ol 0 J 

Figure 14 Elcctrospray-MS mass spcctru111 ol'Soh..:111 red 24 :11 ;1 capi!Lll\ 1oltagc or IWV lo generate 

CID rr:igmcntat1on The sample (20 ngi,,L) \\as 111ruscd 111 ~O/:iO AC:NIH:O with l'X, acetic ;ic1d 

at 4 ;1L mm. 
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Figure 15 Elcctrospr::i' mass spcctnim 01· Bro111.:: 2 ;l! n rcpdh:r \ oltagc or 40\1 (Vcsrcc clcctrosprn' 

source I to gcncr:nc slructur:1lh rcb :rnt CIO ions C:mdit1011s 20 11.gi. L soluuon 111 ~O'Y., 

McOH. 20'Yii H.!l \\tlh l'Y., acc11c a1.:id 111I'us.::d ~11 5. L.111i11 

Figure 16. ElccLrospr;,w mass sp~ctrum or Disperse Blu~ I at :1 cap1lla1"\ 'oltagc or I WV to gcncrntc 

structurallv rclc\ nnL CID i'rag1m:11t 1ll11s Cond111ons 50 11g!,1L solul1on (75125 McOHIH:;O. 1% 

acetic nc1d) infused al 4.,L/min. 
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ANTHRAOUINONE CLASS 
AZO CLASS 

~N:N-{Q; 
Vw·i 0 NO, 

I 
CHr 

1. Disperse Yellow 6 
C.1. 12790 

@-N.,N-@-N"' N-@-OH 

@ . 
2. Disperse Orange 13 

C.I. 26080 

C,H,0-@-N: N-©-OH 

. ©. 

3. Solvent Red 3 

C.I. 12010 

0 1N-@- N: N-@-NH 1 

4. Disperse Orange 3 
C.I. 11005 

Cl 
d._ .10:\_ ,.C,H, 

0 1N~ N- N Qr-N, 
C1H,OH 

5. Disperse Red 13 
C.I. 11115 

SULFONATED AZO CLASS 

H.O .. 0-H=N-9-0H 
HO 

6. Solvent Red 23 
C.I. 26100 

C1 Cl 

o;N-@-N =~NIC1H,OHI, 
Cl 

7. Disperse Brown 1 
C.1.11152 

~ Jr::::\_ ,.C 1H1 

O,N~ N-N-0-N,
C,H,OH 

8. Disperse Red 1 
C.1.11110 

0
1
N-@- N.. N-@-N:C,H, 

C,H,CN 

9. Disperse Or11nge 25 
C.l. 11227 

H,C CH, HO 

11. Acid Orenge 6 H,c-@so,·o@-HaH@-@-" ="~ 
C.l. 14270 

0 HHr 

~CO.Ho O 

~_lR\._ II 
O HM~NN-C-CH, 

12. Acid Blue 40 
C.I. 62126 

OH 
...o.s@-". H-@-" .. "~O 

NoO...C~NHOc@ 

1 3. Direct Red 81 
C.I. 2B160 

©-H •H-©-H •N@-HH-@ 

Ne01S @ @- S01N• 

14. Acid Blue 1 1 3 
C,l.:26360 .. _ 

... o.s {Q)_ 
SO,H• 

16. Acid Red 114 
C.I. 23636 

METHINE CLASS 

' H,C CH, 

~CH•CH-HH~OCH1 
I OCH,

CH 1 

18. Buie Yellow 11 
C.I. 48066 

ARYLMETHANE CLASS 

17:-e.-iic GrHn 4 
- C.I. 42000· 

0 NHCH 1 

©(© 
II ' 
0 NHC,H,OH 

18 Disperse Blue 3 
C.1.61505 

COUMARIN CLASS 

19 Fluorescent Brightener 236 
C.l. None 

XANTHENE CLASS 

!C,H,( 1N 

20 Solvent Red 49 
C.I. 45170.1 
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Table 1. Investigated Samples 
C.I. =Color Index. 

Commercial 

Name of Dye 


1.5% Serisol Fast Yellow GD 

2.0% Serisol Fast Yellow PL 150 

1.2% Resolin Yellow SGS 

0.72% Dispersal Orange B-A Grains 

0.6% Serilene Orange 5R300 

0.6% Serilene Orange 2RL200 

0.72% Dispersal Orange B-2R 2CO 

Grains 


1% Resolin Orange F3R 200% 

2.2% Resolin Orange RL 

0.6% Serilene Yellow Brown 2RL 150 

1.5% Serisol Brilliant Red X38 200 

0.6% Serisol Fast Scarlet BO 200 

0.6% Serisol Fast Crimson BO 150 

0.6% Serilene Red Brown R-FS 150 

1.5% Serisol Brilliant Blue BGN 300 

1.0% Resolin Blue BBLS 

1.0% Yoracryl Yellow RL 

lndiqo 

I 
CJ 

Name 
i 

Disperse Yellow 3 

Disperse Yellow 9 

Disperse Yellow 5 

Disperse Orc:inge 
1 

Disperse Orange 
1 

Disperse Orange 
25 

Disperse Orange 
25 

Disperse Orange 
25 

Disperse Orange 
13 

Disperse Orange 
37 

Disperse Red 11 

Disperse Red 1 

Disperse Red 13 

Disperse Brown 1 

Disperse Blue 3 

Disperse Blue 165 

Basic Yellow 28 

Vat Blue 1 

CL 
Numbe 

r 

11855 

10375 

12790 

11080 

11080 

11227 

' 

11227 

11227 

26080 

-

62015 

11110 

1111 5 

11152 

61505 

-

-

73000 

M.W. 

269 

274 

324 

318 

318 

323 

323 

323 

352 

391 

268 

314 

348 

432 

296 

405 

309 

262 

Type of 
Fiber Manufacturer 

Diacetate Yorkshire 

Diacetate Yorkshire 

Polyester Bayer 

Polyester ICI 

Polyester Yorkshire 

Polyester Yorkshire 

Polyester ICI 

Polyester Bayer 

Polyester Bayer 

Polyester Yorkshire 

Diacetate Yorkshire 

Diacetate Yorkshire 

Diacetate Yorkhire 

Diacetate Yorkshire 

Diacetate Yorkshire 

Polyester Bayer 

Orlon Yorkshire 

Denim Levi Strauss 



Table 2. Particle Beam El Mass Spectra of Dves 

Dve Mo I.wt 	 mtz of ions observed (% relative abundance) 

Disperse Yellow 5 324 	 324(1): 295(1 5) 202(3): 174(7): 138(9); 108(100): 92(17) 

Disperse Orange 13 352 	 352(2): 247(10): 142(26): 115(22): 109(22): 93(100) 

Solvent Red 3 292 	 292(17) 263(3) 235(4); 171(6). 149(9); 143(100); 121(48); 115(36); 
108(18) 

Disperse Orange 3 242 	 242(3): 213(4), 212(10); 120(55): 92(100) 

Disperse Red 13 348 	 317(22); 287(20): 154(17); 144(25): 142(28); 134(25); 133(100); 
126(40): 120(30) 105(50): 104(50): 99(20): 92(32): 90(40) 

Solvent Red 23 352 	 352(4); 267(1.5): 197(20): 143(30); 120(46): 115(32): 108(11); 
93(40): 92(100) 

Disperse Brown 1 432 	 432(1.5): 403(15): 402(5): 401 (17): 359(5.5): 357(7): 313(5): 214(15); 
208(17): 206(36): 185(40); 183(78): 176(39): 167(32); 149(77); 
139(100): 124(49); 104(82). 90(48) 

Disperse Red 1 314 	 314(4); 297(2); 283(34); 267(11); 253(19); 237(8): 207(9); 180(15); 
168(18); 149(15); 147(18): 133(100): 120(49); 108(63): 105(55); 
103(47) 

Disperse Orange 25 323 	 323(1): 293(12): 283(7): 253(26); 240(9): 224(3); 189(3): 173(10); 
149(20): 133(35): 120(62): 108(31): 105(19); 104(20): 93(18): 
92(100) 

Disperse Blue 79 624 	 87(100) 

Basic Green 4 329 	 330(38): 329(13); 287(8): 255(10): 254(21): 253(100): 237(13); 
223(12): 210(35); 209(20): 208(32); 194(29); 181(15) 165(82), 
135(22): 126(78); 120(32): 118(37): 103(45): 95(22) 

Disperse Blue 3 296 	 267(12); 266(100): 249(49): 234(28): 220(22): 204(11): 194(10); 
181(8): 180(9): 165(17), 164(13); 152(22): 139(12); 124(15), 
110(13): 104(19) 

Fluorescent 389 390(29); 389(100); 361(19); 333(11); 304(19): 207(75): 206(28): 
Brightener 236 195(38); 181(26): 180(18): 179(43); 178(82): 165(18); 152(78): 

151(47); 139(35); 127(35); 114(21): 105(30): 102(57) 

Solvent Red 49 442 	 399(18): 398(34): 397(26}; 327(18); 326(100); 282(18); 199(20); 
184(40): 177(23): 170(23); 163(20); 162(18); 156(32); 149(48); 
142(20); 105(16); 91(19) 

162-tbl.2 



T ble 3 Id t'fi e t' ucts o f C I a en 11cat1on of Chem1caIR duc1on prod o orants 1-16 bv HPLC/MS a 

: 

No. Dye Identified Reduction Products 
Mol 
wt. t. Particle Beam (m'l, relative intensity} 

UV 
(%) 

I 

1 Solvent Yellow 2 
aniline' 

N,N-dimethyl-1,4-diaminobenzene 

93 

135 1 

12.9 

28.4 

93(100); 66(39) 

136(100); 120(85); 93(37); 81(41) ! 

>1 

88 

I 

I 

2-aminotoluene ' 101 I 18.2 107(74); 106(100); 77(26); 51(15) 90 i 

2 Solvent Yellow 3 
i 

I 2-methyl-1,4-diaminobenzene' I 122 30.0 122(100); 94(33); 78(26); 58(19) 
I 

I 3 

i unchanged dye ' 225 25.8 225(58); 134(17); 106(100); 91(28); 77(23); 75(13); 51(4) 3 I 
: 

aniline' 93 I 13.1 93(100); 66(37) i 7 

3 Solvent Yellow 14 1-amino-2-naphthol ' 159 19.3 159 (100); 130(89); 103(26); 77(22); 51(15) I 49 ! 

4 

I 
I 

I 

Solvent Orange 7 

unchanged dye ' 

2,4-dimethylaniline' 

1-amino-2-naphthol ' 

I 
I 248 

151 

159 

28.3 

I 22.1 

i 20.2 

248(90); 219(7); 171(15); 143(100); 115(97); 89(10); 77(41); 51(10) 

151(11); 121(100); 106(78); 77(15) 

I 159(100); 130(63); 103(13); 77(17); 51(11) I 

20 

30 

31 

I 
I 
! 

i 

I 

5 

I 
Solvent Red 24 

2-aminotoluene' 

2-methyt-1,4-diaminobenzene' 

1-amino-2-naphthol' 

107 

122 

159 

22.4 

I 40.4 

i 19.1 

107(100); 91(55); 77(49): 51(25) 

122(33); 104(46); 71(41); 55(100) 

159(100); 130(70); 103(20); 77(20) 
I 

18 

16 

42 

6 Pigment Red 3 1-amino-2-naphthol' 
' 

159 ' 
19.5 159(100); 130(62); 103(15}; 77(19) 70 I 

7 Disperse Red 1 4-nttroaniline ' 138 13.0 138(100); 108(83); 92(50); 65(75} 70 

aniline' 93 13.1 i 93(100); 66(40) >1 

8 Disperse Orange 13 4-aminophenol '·' 109 : 6.2 109(10); 108(100); 80(48); 64(7) 10 

1,4-diamino-naphthalene 158 10.7 158(100); 109(50); 80(37) 78 

I 

! 

9 

i 

Disperse Orange 25 
4-nttroaniline' 

N-(2cyanoethyl)-N-(ethyt)-1,4
diaminobenzene 

138 

189 

12.3 

14.8 

138(100); 108(83); 92(50); 65(75) 

189(25); 149(100); 120(34); 92(4) 
I 

18 

75 
! 

10 Disperse Orange 44 
I 

N,N-bis(2-cyanoethyl)-1,4
diaminobenzene' 

: 214 8.3 214(40); 174(100); 120(37); 106(5} 70 

1,4-diamino-2,6-dichlorobenzene 176 13.8 176(27); 149(73); 124(40); 98(100); 81(56); 78(63) 35 ! 

N-(2-cyanoethyl)-N-(2
~ydroxyethyl)-1,4-diaminobenzene 

205 6.1 205(45); 174(85); 165(80); 120(100); 92(30); 65(20) 35 I 

11 Disperse Orange 30 
2,6-dichloro-4-nttroaniline 

' 

206 25.5 208(40); 206(60); 178(50); 176(84); 162(20); 160(30); 135(15); 
133(22); 126(30); 124(100); 92(28); 90(31) 

20 

I 
I 
I 

I 

N-(2-cyanoethyl)-N-{2
acetoxyethyl)-1,4-diaminobenzene 

1,4-diaminobenzene' 

I 
' I 

I 

247 

108 

10.0 

8.3 

247(1); 205(32); 174(91); 165(54); 120(100); 92(20); 65(20) 

108(100); 92(44); 80(66); 67(25); 52(64) 

45 

30 

! 

12 Disperse Black 9 
I N,N-bis(2-hydroxyethyt)-1,4

diaminobenzene 
196 21.7 196(25); 165(100); 120(20); 93(14) 60 .. 

i 
: 
2-bromo-1,4.~triaminobenzene' 202 10.4 203(15); 202(5); 201(10); 88(23); 70(83); 61(100) 25 

13 

I 
i 

Disperse Blue 79 
I 

i 

3-acetamido-4-{N,N-bis(2
acetoxyethyt}-ami no )-1-amino-S.
methoxybenzene 

367 15.1 367(10); 294(15); 208(9); 87(100) 60 



No Dye Identified Reduction Products 
Mol 
wt. Particle Beam {rrlz, relative intensity) 

1,4-diamino-2,6-dichlorobe 6 23.0 176(27); 149(73); 124(40); 98(100); 84(56); 74(63) 

14 Disperse Orange 37 

llk:yanoethyl-~thyl-1,4-

diaminobenzene 
9 26.1 189(19); 149(100); 120(73); 106(8); 92(21) 

4-amino-2,6-dichloro-4'[{N-(2
cyanoethyl)-amino]azobenzene 

333 334(15); 333(27): 293(100); 265(21); 229(7); 201(33); 149(49): 
120(41);100(15); 92{9) 

10 

1,4-diamino-2,6-dichlorobenzene 176 22.3 176(56); 149(28); 134(59): 98(100}; 84(53) 40 

Disperse Brown 1 
3-chloro-N,N-bis(2·hyd~hyl)-

1,4-diaminobenzene 
230 17.4 230(21); 199(100}; 155(37): 127(13) 40 

aniline' 93 40 

Acid Orange 10 
8-amino-7-hydroxynaph1hatene
1,3-disulfonic acid, disodium salt •• 

363 48 

• t • =reteniion time in TIC chromatogram (min); rrll (relative intensity) reports the major peaks (>5%) of each product down to rrll 50. 
A maximum of 18 ions are reported in descending rrll; lN (%) = [peak area of idenlified reduction productJII [of the peak areas in the chromatogram of lhe 
reduced sample at a wavelength of 254 nm]. The identified reduction products were <0.5% of the total peak area in the unreduced HPLC/UV analysis of the 
parent dye. 

'Identity confirmed with slandard. 
' Observed only after Na,S,O, reduction. 
•Observed only after SnCI, reduction. 
• Only identified by HPLCIPB-MS in sample reduced with SnCI,. 
• Identity confirmed by thermospray-MS; ions detected include 371(100), 364(5). 319(4), and 274(9). 

Reprinted with permission from R.D. Voyksner et al., Emriron. Sci. Technol., 27 (1993) 1665. Copyright 1993 by the American Chemical Society. 



Table 4. Comparison Of Particle Beam '-C'1v1S and GC!MS In Tentatively Identifying Compounds In An Azo 

PB LC/MS GC/MS 

MW El NCI El NCI 

1. 	 Aniline 93 x 
2. 	 N-phenylforma mide 121 x 
3. 	 4-nitroaniline 138 x 
4. 	 N-cyanoethylaniline 146 x 
5. 	 4-phenylphenol 170 x x x 


I
6. 	 2.4 .6-trimethoxy-1 .3.5-triazine 171 x 
7. 	 2-ch loro-4-nitroa niline 172 x x x 
8. 	 2.6-dimethoxy-4-(N N-d1methyl amino)-1 3.5

triazine 184 x 

9. N.N-bis(cyanoethyl)aniline 199 x x x 

10 2-bromo-4-nitroan1l1ne 216 x x 
11 . 	 Sulfur (S8) i 256 x x x 

I 

12. 2-bro mo-4 .6-d1n1troa nil in e 	 i 261 I x x x 
I 

13. 	 4-bro mo-N. N-b1s(cya noethyl)-a nil1n e I 

277 x x x 
14. 	 Hexachlorobenzene 282 x x 
15. 	 Tribromoan1sole 342 x x x 
16. 	 4-(2'-chloro-4'-nitroptienylazo)-N. N-


bis( cya noethyl) aniline 382 x x 

17. 	 4-(2'-bromo-4'.6'-dinitrophenyl azo)-3-acetamido

N.N-diethyl aniline 

478 x x 

18. 	 4-(2'-ch loro-4 '-nitroph enyl azo )-3-aceta m 1do-N.N
bis(ethyl ethonate)aniline 


505 	 x 
19. 	 4-(2'-bromo-4' ,6'-dinitrophenyl azo )-5-acetamido

2-methoxy-N.N- diethylaniline 

508 x x 

20. 	 Disperse blue 79 624 x x 

MW = molecular weight 
PB = particle beam 
El = electron ionization 

NCI = negative chemical ionization (carbon dioxide) 



• • 
• • 

Table 5. Predicted Success Of Varous LC/MS Techniques for The Characterization Of Selected 
Dye Classes 

MS Techniques 


Particle Beam-LC/MS Thermos pray 

Dye Classes Electrospray LC/MS (El/Cl) LC/MS 


Sulfonated Azo 0 ~-) 
 • 
Cationic 0 ' • 
Azo (disperse) -) 

Azo (solvent) ' '1-; 

Anthraquinone ;-1 (-,.i ··,-,i 

0 H 
-------> ----->• 
Increasing success for MS analysis rn terms of sens1t1vity and specificity 
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(1) Thermospray. (2) Particle Beam, and (3) Ion Spray and Electrospray. This chapter describes the application 
of ·these L:C/MS techniques in the analysis of dyes.c: · 
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