Because flavors and fragrances are composed of tens or hundreds of ingredients, characterization of these
individual species can be challenging. It is not practical to use numerous standards for the identification and
quantification of all the individual species. Instead, it is common to use a workflow where MS provides
identification and FID provides relative area % quantification, often with separate injections for each.

Additionally, two one-dimensional chromatographic separations with different stationary phases are also often
required to isolate the individual compounds due to the complexity of these samples. Here, we demonstrate a
possible improvement to this workflow by using a GCxGC-TOFMS/FID instrument that provides reliable
identification and relative quantitation in a single injection. GCxGC provides enhanced chromatographic
separation of individual analytes, thus removing the requirement for two separate 1D analyses. Coupling this with
dual MS and FID detection enables both identification via the FID in one single injection.

Non-Target Characterization of Complex Essential Oil and Fragrance Samples with
GCxGC-MS/FID for Reliable Identification and Relative Quantitation in a Single Injection

Elizabeth M. Humston-Fulmer, Joe E. Binkley, David J. Borton, Mark Merrick, David E. Alonso | LECO Corporation, St. Joseph, MI, USA

Introduction

Essential oils are extracts from plant materials that capture the plant's scent and flavors. They have a broad
range of applications, as they can be both a finished product and an ingredient or infermediate in the creation
of other products. Due to this versatility, the analysis of essential oils is an important area of research with @
variety of analytical objectives.
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EMPOWERING RESULTS

GCxGC-TOFMS/FID for Fragrance Standard
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MS/FID splitter

* Flow modulator that can achieve total transfer of
primary effluent

 Software provides guidance for filling and
flushing the loop

* Maintains consistent split through
chromatographic method with pressure-
controlled splitter

Easy to connect MS and FID data with software
tools that automate linking FID and TOFMS peak
information

* Provides flexibility to change methods without .
needing to change hardware by using PCM back-
pressure regulation rather than fixed restrictors

Automated Data Processing

* Retention alignment can be performed to shift FID and MS peaks, if
needed
* Automated peak finding applied for MS and

* MS and FID peaks are automatically linked so full information about
features is in the peak table.

Peak & | Name | Formula |CAS (R.T. (s) |Similarity |Quant Mas| Area 51 | Area % 51 |Area |Area % |
2 Nonane CoHzp  [111-84-2 455, 1.389 948 | TIC 26777147 10.107
2 Nonane CgHzp 111-84-2 4535, 1.390 948 5(1) 291.43 9.13744

Name Formula CAS R.T. (s) Similarity |Retention Inde¢|Lib. RI
Limonene CigHis 138-86-3 617.5, 1.542 925 1034.0:1030 + 2(986)
Benzyl alcohol C7Hg0 100-51-6 620, 1.991 815 1036.2:1036 + 4(186)
Eucalyptol CigH1g0  470-82-6 622.5, 1.595 914 1038.3:1032 + 2(589)
Phenylacetaldehyde CgHg0 122-78-1 635, 2.000 851 1048.9:1045 + 4(371)
Linalool CigH10 78-70-6 697.5, 1.589 827 1102.2:1099 + 2(966)
Camphor CigH150 76-22-2 762.5, 1.799 885 1158.7:1145 + 2(389)
Methyl 2-octynoate CoH140>  111-12-6 810, 1.778 929 1200.0 1202 + 1(15)
Estragole CigH120 140-67-0 815, 1.802 934 1204.8:1196 + 1(84)
Citronellol CigH50 106-22-9 840, 1.618 890 1228.6:1228 + 3(190)
Geraniol CigH120 106-24-1 865, 1.664 824 1252.4:1255 + 3(343)
Citral CigH160 5392-40-5 885, 1.725 732 1271.4
Cinnamal CoHgO 104-55-2 8097.5, 2.092 802 1283.3:1274 + 15(20)
Hydroxycitronellal CigH200>  107-75-5 905, 1.724 838 1200.5 1295 + 7(16)
4-Methoxybenzyl alcohol  iCgHygO2 105-13-5 905, 2.121 757 1290.5:1285 + 6(26)
Methyl 2-nonynoate CigH160>  111-80-8 017.5, 1.742 903 1302.4.1311 + 1(7)
Safrole CigH1003 94-59-7 917.5, 1.885 910 1302.4:1287 + 2(50)
Cinnamyl alcohol CgH10 104-54-1 930, 2.061 745 1314.3:1310 + 4(22)
Eugenol CigH1203 97-53-0 977.5, 1.898 882 1359.5:1358 + 3(366)
Methyleugenol C11H140> 93-15-2 1020, 1.898 898 1400.0: 1403 + 2(175)
Coumarin CoHgO3 01-64-5 1070, 2.428 906 1451.3:1440 + 11(25)
Isoeugenol CioH1205 97-54-1 1072.5, 1.934 8904 1453.8:1450 + 15(40)
a Isomethyl ionone C14H3,0 127-51-5 1100, 1.661 841 1482.1:1480 + 5(17)
Lilial Ci4H500 80-54-6 1150, 1.774 800 1536.1/1534 + 2(8)
a-Amylcinnamaldehyde C14H120 122-40-7 1255, 1.812 841 1654.3:1654 + 3(11)
a-Amylcinnamyl alcohol Cyi4H3,0 101-85-9 1287.5, 1.822 824 1691.4:1676 + 2(6)
cis, trans-Farnesol Cy5H350 3790-71-4 1290, 1.632 854 1694.3:1697 + 3(31)
Farnesol Ci5H550 4602-84-0 1310, 1.631 862 1718.2:11714 + 11(33)
a-Hexylcinnamic aldehyde CysH3p0 101-86-0 1340, 1.784 876 1754.5:1760 + 10(15)
Benzyl Benzoate Ci4H1205 120-51-4 1362.5, 2.086 850 1781.8/1763 + 5(125)
Benzyl salicylate Ci4H1704 118-58-1 1445, 2.042 875 1888.5:1872 + 9(50)
Benzyl cinnamate CiH1405 103-41-3 1612.5, 2.100 779 2123.412135 £ 3(7)
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GCxGC-TOFMS/FID for Perfume Samples
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GCxGC-TOFMS/FID for Essential Oils

Masses: 5(1)

Mssea: TIC

Masses: 5(1)

400 600 800 1000 1200

Name Formula |CAS R.T. (s) Similarity |Retention Ini|Lib. RI Area % S1|Comment
5-Methyl-5-hexen-3-ol GH140 67760-89-8 410, 1.310 800 860.0 0.47002
3-Octanone CgH150 106-68-3 557.5, 1.630 802 083.7 986 £ 3(98) 1.02107 iherbal: fresh herbal lavender sweet mushroom
B-Myrcene CigHis 123-35-3 565, 1.550 950 089.8:991 + 2(838) 3.24551 i spicy: peppery terpene spicy balsam plastic
Acetic acid, hexyl ester CgH1607 142-02-7 587.5, 1.590 836 1008.5: 1011 + 3(111) : 0.55605 fruity: fruity green apple banana sweet
p-Cymene CigH14 99-87-6 612.5, 1.660 913 1029.8:1025 + 2(829) 0.30122 terpenic: fresh citrus terpene woody spice
cis-p-Ocimene CigH1s 3338-55-4 620, 1.580 014 1036.2:1038 £+ 2(445) 3.26611 floral: warm floral herb flower sweet
trans-B-Ocimene CigH1s 3779-61-1 632.5, 1.560 904 1046.8 1049 + 2(543) . 3.33504 herbal: sweet herbal
cis-Linalool oxide CigH18072 :5989-33-3 665, 1.620 717 1074.5:1074 + 4(176) | 0.18672
Peak 685, 1.640 1091.5 0.35929
Linalool CigH180  178-70-6 0697.5, 1.610 830 1102.2:1099 + 2(966) : 33.24396 floral: citrus floral sweet bois de rose woody green blueberry
Neo-allo-ocimene CigH1s 7216-56-0 730, 1.600 908 1130.4 1131 + 0(2) 1.46771
Camphor CigH1s0 76-22-2 762.5, 1.830 861 1158.7 1145 + 2(389) : 0.65340: camphoreous: camphoreous
Lavandulol CigH1g0 408-16-8 770, 1.650 855 1165.2:1170 £ 4(24) 0.82991 : herbal: herbal
endo-Borneaol CigH180  1507-70-0 790, 1.740 844 1182.6:1167 £+ 2(416) 1.68274 balsamic: pine woody camphor balsamic

i Hexyl butyrate CigH2002 12639-63-6 797.5, 1.550 865 1189.1 1192 + 1(45) 0.32568:green: green sweet fruity apple waxy soapy

:: Terpinen-4-ol CigH1gO 1562-74-3 797.5, 1.690 787 1189.1 1177 + 2(756) | 2.65324ispicy: pepper woody earth musty sweet
a-Terpineol CipH180  198-55-5 812.5, 1.710 927 1202.4:1189 + 2(809) 1.06450 terpenic: pine terpene lilac citrus woody floral
Linalyl acetate Ci12H2005 1115-95-7 865, 1.600 879 1252.4 1257 + 4(156) : 34.46018 herbal: sweet green citrus bergamot lavender woody
Lavandulyl acetate Ci3H3p05 :25905-14-0 897.5, 1.590 869 1283.3 2.55465
Nerol acetate CiH3005 1141-12-8 977.5, 1.650 813 1359.5:1365 + 3(150) : 0.80662floral: floral rose soapy citrus dewy pear
Geranyl acetate Ci3H7007 1105-87-3 997.5, 1.660 816 1378.6:1382 + 3(208) 1.22641 floral: floral rose lavender green waxy
Santalene CisHaa 512-61-8 1047.5, 1.530 934 1428.2 1420 £ 3(26) 0.46802  woody: woody
Caryophyllene CisHoa 87-44-5 1055, 1.590 931 1435.9 1419 + 3(979) : 3.47678 spicy: sweet woody spice clove dry
cis-p-Farnesene Ci5H24 28973-97-9 | 1072.5, 1.520 901 1453.8 1444 + 3(91) 1.87263 green: citrus green
Caryophyllene oxide Ci5H240  11139-30-6 1210, 1.740 831 1602.9:1581 + 2(669) 0.47253 woody: sweet fresh dry woody spicy
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Flow Splitter

Paradigm Reverse Fill-Flush (RFF) Modulator

v' Cryogen-Free GCxGC modulation for simultaneous
TOFMS/FID acquisition

v Unique backpressure-controlled loop filling permits
method flexibility without the hassle of restrictor or
bleedline changes

v Column and loop fittings are readily accessible with
standard wrench, unlike finnicky “modulator-on-a-
chip” designs

Pecasus BT 4D

PARADIGM

Conclusion

Harnessing the power of a TOFMS coupled with a GCxGC platform and an FID allowed us 1o not only determine the
presence and amounts of fargeted analytes, but also discover non-target analytes.

Designed to work with the high flow rates needed for the RFF

Shift Flow Splitter

Novel pressure-assisted flow splitter

modulation (~20 mL/min)

Maintains constant split ratio between MS and FID throughout
the entire run, even during oven ramps — the bridge between
non-target and quantitative workflows

This platform, based on GCxGC-TOFMS/FID, can improve workflows in your industry.
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