Resolution, and High Resolution Mass Specirometry

David E. Alonso, Todd Richards, and Joseph E. Binkley; LECO Corporafion, Saint Joseph, Michigan, USA EMPOWERING RESULTS
Infroduction NIST SRM: El, ECNI and PCI-HRT* 4D Data NIST SRM 2585: Halogenated Organic Compounds NIST SRM: PCI and ECNI, Pesticides

Comprehensive Characterization of Household Dust Samples Using a Multi-Mode Source, Enhanced Chromatographic L ECO

« Humans spend most of their lifetimes indoors and are regularly exposed e Faen e PP | R e
to harmful substances in dust ’1 El, Halogenated Compounds = — N e | I
. 1| e 5 vy :
. . . . o . . eagent Gas q 1.0e4 ] : = -0.03 PPM o g
Harmful chgmlcals INnclude persistent organic pollutants, pesticides, i - t§@ 18%350:%23:0. e ete0te st HRTOFMS 1 s |
polyaromatic hydrocarbons, and flame retardants el 4 D0 L] 1y, 1l T | T |
* In the past, dust analysis has primarily been conducted using targeted | ' Lo L ,. il | = w | o0 e ™ ege e
meThOdS "I]'It . IonTzlg:oirgis:rLeber *~ GC Transfer Line Ionli_zoamtlicﬁwrecsr?::ber g g
Objective — , | — y o -
Hard ionization (Fragmentation = More Information) * Softionization (Less Fragmentation) 0 » “
To use enhanced chromatographic resolution, a novel multi-mode source, + Non-selective (Universal) + Selective (Electron Poor Compounds) 3 A S | ) S —
« Good sensitivity * Increased sensitivity Me 0 0 M W a0 0 k0w
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Name Formula R.T.(s) Similarity Mass Accuracy (ppm) El, TDCPP . +s00 | EI, BDE-99
1 Dimension . . . Benzyl chloride CH,Cl  488,1.952 873 0.87 25e4 7 AT j\g oz
Corirmn Figure 3. El, ECNI, and PCI NIST SRM 2585 Data Collected using the Multi-Mode Source Benzyl bromide CHBr 60,2263 86 054 e | D
Instrument 2-Chlorophenyl isocyanate C,H,CINO  600,2.264 927 0.31 e g d OZT—O a 2500 § g
(ST ot o 3-Chlorophenol CeHCIO  664,2.784 896 1.32 i5es | ., 00 - g
Processing - 7 To Mass 4-Chloroaniline CeHeCIN  696,3.160 913 1.52 1 . |2 [M-CH,CI* o g M
A zor Computer vas I 2, B Analyzer p-Ethylbenzyl chloride CoH,Cl 7042624 884 0.10 Loed - % |8 -003PPM g ° w0 1 e |8 2 0.34 PPM
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LECO Massess 11C 3,4-D|’ch|oropheny| =ocyanate C7H3C|2NO SafgEE Eeb = Librars Hit -_Similarity: 902 - Library:‘ mainllib - TDCPI;, Abundance | Librar: Hit - Similarity: 892 - Library: mainlib - 2,2',4,4',5,-Pentabromodileenyl ether, A‘bundance
Multi-Mode Source 2,5-Dichloroaniline CeHsCLLN  1352,7.124 933 -0.25 902/1000 892/1000 .
M A 1 P P M E I y C 0 nto u r P I Ot 1-Chlorododecane CipHpsCl 1504,3.656 949 -0.80 000 4 5 Similarity w00 4 Similarity b
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Table 1. Pegasus HRT"* 4D Instrument Acquisition Parameters

Target POP R.T.(s)  NIST (area) Office (area) House (area) Target POP R.T.(s)  NIST (area) Office (area) House (area)
H H CeCl 2536, 2.872 66777 10364 485688 CB eCl:4 3832, 4.640 285099 324443
: : - Table 2. Representative Compounds in NIST SRM 2585 o e R ocs Taor sral moas | e
Gas Chromatograph Agllent 7890B with LECO Dual Stage Quadlet ™ Modulator CN Cl4:2 2920,3.568 143301 CB 6Cl:6 3984,5.096 280450 328292
(0] (0] (0] " S 200t 20 :a:'r F‘Em:h 21‘:;;’:;10 sm;t:;iy - e —— Chlordane Isomer 1 3208, 3.552 62129 CB 7cCl 4080, 4.864 149348 108803
. - . . . . . . . Benzyl alcohol C,H,0 496, 2.064 800 -Calacorene , 3. 2,6-Diphenylpyridine C,;H,sN  3672,5.640 795 .
|njeC‘L'I0n 2 HL IIqUId InJeCl'IOI"I, Splltlessl 70 "Cto 300 Cat 500 C/mln p-Cresol OO 5202112 826 | nridecan-i-o CoptaO 21842068 935 L8-Diszacyclotetradecane-27-dlone. CoHuN,0; 3704,7.416 874 Heptachlor 1 3232,4.128 15887 CB 7Cl:2 4104,4.952 68723 20837
Acetophenone CHO 5282143 942 Amyl salicylate CiHy0; 2192,3.600 940 Tributyl acetylcitrate CH0, 3712,3.592 874 CB 4cl 3272,4.192 21645 8827 CB 6Cl:7 4136,5.632 39203 47433
o 2 Phenylethyl Alcohol CgH, 0 576,2.344 284 Cetene CpeHs, 22482240 934 Tert-octyldiphenylamine C,Hy,;N  3776,4.472 768 Heptachlor 2 3336, 4.360 215913 CB 6Cl:8 4144, 4.976 27026 22346
Carrier Gas He @ 1.0 mL/min, Corrected Constant Flow v Hyd rocarbons ocemeea GO, | 608,240 908 | |2Tetradecanone CidigO |2264,2512] 920 | |N-MethylA herayitetradecaramine | CHoN |3864,3228) 850 Fiaure 7. Pesticides in SRM 2585 trans-Chlordane  3360,4.112 1730979 3025 11470 ce 7C1:3 4208,5.304 92038 91365
Oxazolidin-2-one C.HNNO, 616,3.967 950 Epicedrol CygHO  2304,2.800 904 Methyl dehydroabietate C,Hx0, 3936,4576 864 g L CB 4Cl:2 3368 4.552 10321 1454 CB 7CI-4 4240 5.376 38110 38962
1 - 1 1 B ine, 2-meth C,H,NO  640,2.768 839 Diphenylamine CipHuN  2344,3330 886 Octadi id CisHpNO  4016,4.016 790 : r : 1=
Prima ry Column HP-5MS Ul, 30 m x 0.25 mm i.d. x 0.25 pm v ACIdS 3Dodecene, @ Cbu 6481893 o1 Bemophenone CoHe0 230,327 937 nenzolghifuoranthene Cuthy 40726588 279 Table 4 SRM 2585 PeStiCideS Chlordane Isomer 2 3392,4.096 266412 CB6Cl:9 4272,5.392 67431 66771
‘/ A . Benzaldehyde, 3,4-dimethyl- CH O 6642502 888 Tributyl phosphate CyHp;0.P 2400,2.304 917 Triphenyl phosphate C,oH,:0.P 4080,6.432 878 cea 4 183.08036 El, Permethrine B0 e = JEI trans-Chlordane R— " CB 5l 3400, 4.224 54160 50338 CB 7Cl:5 4328, 5.120 26105 19932
. . 3 v +
Secondary Column BPX-50, 0.60 m x 0.10 mm x 0.10 pm romatics e e s e e e e e T 522 pru Rrcl 43685200 3w 3s0as
sMgUs £ pral-T] 'y L 21210 . 0. 5eq4 5 -U. P . . i
o . o . o . o / Amines Naphthalene CHe  688,2.755 952 n-Hexyl salicylate CiHyO; 2464,2.448 929 Benz[alanthracene, 7-methyl- CoHy,. 4608,7.312 865 E —— Name Formula R.T. (s) Similarity Mass Accuracy (ppm) cis-Chlordane 3440,4.176 624489 CB 7Cl:7 4536,5.720 86694 109695
Tem perature Pro gram 80 C (1 mi n) ramp 20 C/m in to 140 C (Ho|d 30 mi n)’ then ram p to 200 C at Etharol, 2-phenory- GHO, 7203064 809  Triaminotriazine CHNe 2472300 82 Trimtolyiphosphate CiHO.P 4800,6536 847 P s oo Chlorfenidim CoHi,CIN,O  1632,3.512 811 N/A Nonachlor 3464,3.888 596640 3023 CB 8Cl 4584,5.312 119235 53370
o) 1o o / AlCOhOIS Benzothiazole C,H:NS 752,3.504 909 3-Phenoxy-4-fluorobe nzalde hyde C,HFO, 2472,3.084 886 Tri-p-cresyl phosphate C,,H,,0,P 4880, 6.568 761 O/@ = 5 Diazinone CorHorN2OPS 2712 2.872 318 0.84 CB5Cl:2 3584, 4.720 44766 55571 CB 9Cl 4784, 5.416 13906
3 3 3 Nonanoic acid CHi:0,  760,2.648 873 Tetradecanenitrile CiHyN  2488,2.288 884 Perylene CxoHi; 5032,8200 924 34 = 1250 1 5 12M211N2V3 s e .
10 C/m I nl a n d ra m p 1 * 5 C/m I n to 300 C ( H O I d 5 m I n ) * 1-Decanol le-iljzo2 792,2.456 920 4-(1,1-Dimethylhe ptyl)phenol CysHp.0  2512,2.528 895 Squalene C:H:Z 5152,3.480 924 @ @vﬂ\ﬂ/@\q ? | T 1000 - & ] Carbaril C:,H.1NO 2920. 4.696 818 N/A C8 6Cl 3640, 4.536 23649 33324 CB 8Cl:2 4792, 5.864 27430 15635
. o (0] . . ‘/ Aldeh deS 1H-Inden-1-one, 2,3-dihydro- CsH0 864,4.076 815 Veramoss CHyp0, 2520,3.040 902 Cholesta-4,6-dien-3-ol, (38} C,H..0 5272,4364 861 224 | 3 « § 390 395 0 4 2o e 2 § : L2LATE 2 S CB6Cl:2 3648, 4.520 23937 CB 8Cl:3 4912, 5.672 94752 58564
Se con d a ry oven mal nta N ed +5 C re I atlve tO p rima ry oven y Indole CaHsN 880,4.418 870 Oplopanone CyH,0, 2592,2.816 803 Cholesta-3,5-diene CyHee 5328,4.288 910 2 § g 2 g 8 o0 _§ g ® 88 g % g CthprrlfOS C9H11C|3N03PS 3104, 3.712 827 N/A CB5Cl:3 3712,4.712 304119 305058 BDE-71 5056, 7.288 5480469 433778 663837
o ‘/ Ketones 5-Acetoxymethyl-2-furaldehyde CH:0,  888,4.200 915 Myristlicacid CiHy0, 2616,2.400 892 Piperine Ci;HiNO; 5344,8.344 921 led § TI_ 5 \u § '§ 250 ,3\; td8 3 § Thiabendazole CioH7N5S 3272 6.424 929 0.66 Nonachlor Isomer 3 3784, 4.656 98500 CB 9Cl:2 5128,5.720 51490 10114
. . . . . . Sesamol CH:0 912, 4.422 754 Benzyl Benzoate CiH,0, 2640,3.360 926 17aH-Trisnorhopane C,H 5384,4.864 805 S @ @ o Y M < ! i ~
M Od u I ation Pe rl Od 8 o O secon d S, m Od u Iato r maintain ed + 15 C re I ative to secon d d ry oven ‘/ Benzamide C:I—I:I\IS 968,6.027 854 Vertofix Coeur CJ]?H]:EOZ 2656,2.672 856 Benzo[b]chrysene CZH:i 5416,7.983 790 o Lhadlll kah 1 st ‘ . ‘ . o L1 r ‘ trans-Chlordane C1oHeClg 3360, 4.136 788 N/A CB6cl:3 3800,4.576 | 44400 46349 CB-209 5312, 5.792 9879
Capric acid CoH,0, 1008 3.184 897 9-Eicosene, (E)- CyHsy 2672,2.053 903 p,p'-Dioctyldiphenylamine C,H. N  5456,4.752 909 [Library Hit - Similarity: 908 - Library: replib - Permethrine, Abundance Library Hit - Similarity: 788 - Library: replib - trans-Chlordane, Abund .
Tra n Sfe r Li n e 300 OC Ph e n OIS Capric acid Cj:szoz 1016,2.394 898 Benzenemethanol, 3-phenoxy- C,;I:,:gz 2680,3.688 842 28-Nor-17a(H)-hopane él:ljo 5712,4.632 900 909/1000 o o m;gﬂsm 006 R Tene, A an:'é cis-Chlorodane C10H6C|8 3440, 4.200 772 N/A
. B Idehyde, 4-hyd C;H:0 1024,5.384 935 1H-Indole-3-carboxaldehyde CH,NO 2720,5.016 920 Cholesterol C,Hss0  5848,4.848 895 1 Similarit T 1 Similarit & 1 _
‘/ Fatty ACIdS T:on;:olien i - C:H:N; 1032,5.216 864 Versalide CiHO 2840,2.888 872 u—:ozsr::ryl acetate c::H:og 6040,4.160 904 1::: J mitarty 1::: miarty :’p D: - ( 1) (C: 14: 8C0|4 2233' :j:g :3? gii s U m m q ry
® E-11,13-Tetradecadien-1-ol CH0  1064,3.037 922 Methyl palmitate Cy;H0, 2036,2.455 795 Chaolesta-3,5-dien-7- C,H,0 6072,5.394 922 | umithrin (isomer 23M26Y3 . -U.
Mass SPECtromEter LECO Peg asus® HRT+ 4D v Ste rol S 2(SH}Fur:n;an:,C:ih;Edr:—ufﬁofpentvIf CH.0, 10644352 &4 | |Paimkicacid CH0, 20162848 58 ca?n::term e i B :z | 800 1 Sumithrin (isomer 2) C,aHyeOs 4 432’ 5084 935 0.2
1-Tetradecene CiHas  1128,2.600 944 Phenylethyl salicylate CiH0; 3040,3.920 854 Cholest-4-en-3-one C,H.0 6160,5.232 936 | 700 7 r= ’ o
Source Temperature El, 250 °C; PCI, ECNI, 165 °C v Phosphates & permethrine CubuChOs  4840,5.792 909 028 « HRT and MMS technology are valuable tools for the analysis of
Coumarin C5H:0, 1408, 8.263 901 2-(2H-Benzotriazol-2-yl)-5-methylphenol C H, ;N O 3272,4.584 845 Stigmasterol C,HsO  6184,4.824 808 500 s0 4 =
Acenaphthylene CoHs  1472,6.872 925 Fluoranthene CiHyp 3272,5208 933 Cholesta-4,5-dien-3-one C,H.0 6224,5416 876 400 wo o Permethrine Isomer C1H20Cl,03 4888, 5.816 914 -0.55
Acquisition Mode High Resolution, R = 25,000 for m/z 219, Mass Accuracy <1 ppm v More... Loodecanl Culd |1504,4008 93¢ | {1 Ockdectno oy (ol Coficd G0, 45 919 w | g w |, 5 Cyfluthrin CooHisCLFNO;  5048,5.624 751 N/A Comp|ex Sq mp|eg
1MV e 18362 3. -3,5- -7- 23Has . 5. i > o} . S N . .
I R c EI PCI ECN I R G CH 1-Dodecanamine, N.N-dimethyl- CuHaN 17043616 942 Hexadecanamide CiH:NO 3512,3.712 890 Cholesterol, 7-oxo- CH.0, 65686768 913 TZZ 1. T T I Sl EYTIE “ 263 Cyfluthrin (isomer 2) C,,H15CI,FNO; 5088, 5.584 805 N/A
onization / (Reagent Gas = ) rrdecana| Cold |Ira4 4485 B0 | |eTershem Cuthe |S0.51% 5% INDN I 091 W iAo - m M i W in (i The highl d d m h . t ot o d
v g 4 Lauric acid c:;Hjo2 2120,4.040 906 trans-3,5-Dimethoxystilbene CyHi0, 3656,5.136 877 Ave_ 880,1 000 0 M/ler = u\m'J l ”ﬂl}o ;\w{ zfo oo el A e o 0 M/; o i |Lo 1l ';m - - - 4‘.]0"' - - CyﬂUthrm (|somer 3) CZZHISCIZFNO3 5128, 5.560 817 N/A = e Ig y O r e re / C O p re e n S |Ve C O n O U r p O S C O n e U S e
a-Cypermethrin C,,H16CILbNO; 5160, 5.944 844 N/A
Mass Range (m/z) El 50-1000; PCI 60-1000; ECNI 30-1000 - . . . .
. . B-Cypermethrin CpH1CLNOs  5192,5.936 883 N/A -|- -|- -|- -|- P O P d -|- -|-h -|-
Figure 8. Peak True and Library EI Mass Spectra for o ' O 1arger frace S IN QUST WITh pINpoINT dCccuracy
Cypermethrin (isomer 3)  C,,H;oCI,NO; 5232,5.904 869 N/A
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