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ESSENTIAL SEPARATIONS:

ANALYSIS OF AROMA OILS BY ONE-DIMENSIONAL AND TWO-
DIMENSIONAL GAS CHROMATOGRAPHY AND MASS SPECTROMETRY

Multidimensional Chromatography Workshop
Los Angeles, CA January 2024

Robert (Chip) Cody



JEOL mass spectrometers used for this study

i W, ———
x
e Tl 3
[
e ———
.

& ' 2
L — i L
e
1
Q1600GC UltraQuad™ SQ-Zeta
GC-MS (Single Quadrupole) TQ2000GC AccuTOF GC-Alpha
lonization used: El. Cl GC-HRTOFMS
GCxGC-HRTOFMS

lonization used: El, Cl, Fl




1. JIMS-Q1600GC UltraQuad™ SQ-Zeta

High-precision Hyperbolic-shaped Quadrupole

Superd jon transmission enhances high sensitivity
Recuces ion-quenching when ntroducing 8 large volume of ions, alliowing
@ WIoH Cynamic range

Pre-filter
Suppresses the degradation of resolution
and sensitivity Cue to contamination of the
Quagrupoie

A

Dual Filament —

Recuoes Instrument cown-tme dunng Sament exchange

~\

No tools reqqired High pumping
- capacity!

Draw-in Lens

Reguces diffugion of Ions from the GUACIUROe OUtiet and recuces
chamcal Nowses
Improved sensitivity by re-acceleration of 1ons

Secondary Electron Multiplier Detector

Detecior s resistant to cegradabion in an aimosphencs emaronmaent
10 maintain high performance over a iong pencd of time

Split Flow Turbo Molecular Pump
Quick evacuation after column replacemsent and mantenance work
Uss of maga Dore, packed oolumn s possie

- Compatibie with the latest Low-Pressure GC (LPGC) colurmn

Solutions for Innovation IJEDL : ;




: GC-MS High-Resolution Time-of Flight Mass Spectrometer: AccuTOF™ GC-Alpha

Simple ion optics

High mass resolving power (>30,000)

High mass accuracy (sub-mmu)

High speed (50 Hz) -- compatible with GCxGC
Wide mass range (m/z 4 up to m/z 6400)

All ion sources and direct sample introduction

methods

Field lonization (FI) and Field Desorption (FD) options __,_’. :

Combination ion sources (EI/Fl and EI/P) @h =

Easy ion source exchanges with very fast pump-down — e |

The most powerful data analysis software available | Dual_Stage
reflectron




A
lonization Methods for GC-MS ) Used in this talk

AccuTOF GC-Alpha only

s

Electron lonization Chemical lonization Photo lonization Field lonization

® Hard ionization ® Soft ionization ® Soft ionization ® Softest ionization

® Good for structural ® Effective for compounds ® [onization energy is ® Energies imparted to the
analysis using the with higher proton about 10.3eV (D2 lamp) molecules are less than
generated fragment ions affinities : TeV

® Good for aromatic

® Able to change the ® Negative-ion mode is compounds ® Effective even for lower

lonization energy, available polarity molecules

® No reagent gas required

icall 7/0eV . :
typically use 70e ® Reagent gas required ® No reagent gas required




{ Software used

» Data acquisition: » Databases
* JEOL msPrimo (single quadrupole) * NIST23 main and replicate libraries
* JEOL msAxel (AccuTOF GC-Alpha) « Wiley main and replicate libraries
» GC-MS data analysis with » Wiley Food, Flavors, Fragrances, and
deconvolution Related Compounds
* msFineAnalysis 1Q (single » JEOL Al for compounds not in

quadrupole)

, . experimental databases
* msFineAnalysis Al (AccuTOF GC-

Alpha) * NIST Hybrid Search

GC x GC data analysis
* GC Image
* AnalyzerPro XD (SpectralWorks Ltd.)

o GC-MS, GCxGC-MS & Direct
analysis MS




JEOL 1D GC data analysis with chromatographic deconvolution

msFineAnalysis iQ (Single quadrupole) msFineAnalysis Al (HRTOF)

* Deconvolution * Deconvolution

e Correlate El with Cl or PI * Correlate El and soft ionization (El, Cl, PI, FI)
» Database search « Database search

* Rl match * Elemental composition

Molecular ion and fragment coverage

* RI match
* [sotope match

* |sotope match
* Variance analysis

* Variance analysis

 Structure analysis with Al database




GC conditions

2

*

e GC-MS e GCXGC-HRTOEFMS
* Agilent 8890 GC e« ZB-5HT (30m), ZB35-HT (2m)
e 30m DB5-MS column (Single . ggthl:;r;roL’glpeZBBS—HTcolumnwas used as the
quadrupole / Zoex ZX-2 thermal modulator, 8 s
e GC x GC column set used in 1D GC modulation period
:jnc?[de for the AccuTOF GC-Alpha  InfoMass LLC Column holder
ata . .
* Spl 100:1
» Split injection: 200:1 Pt |.nJect|on( 00:1)
. * Oven:
» Oven: | 1. 60°C (0 min)
1. 50 °C (0 min) 2. 3°C min-' to 315°C (0 min)

2. 5°C min'to 220°C (0 min)
3. 20°Cto 300 °C
4. Hold 8 minutes




Essential oil samples analyzed

—_—_—_—_—_—_—_—_—~

/1. Peppermint Oil, Sakae
* Mentha piperita
« >35 years old
 Stored at room temperature

5. Lemon Ol
e Citrus limon
e "JEOL" -- unidentified source

6. Orange Ol

o Cltrus stnensis
* a.k.a. Citrus X aurantium f. aurantium

”’

2. Peppermint Oil, Fluka
» Mentha piperita

» < 5yearsold /. "Sweet Orange” Oil
~_ __* Stored in refrigerator /

_________________ e (Citrus sinensis

3. Spearmint Oil, Fluka / * a.k.a. Citrus X aurantium f. aurantium

—EE I S S S S S S S S
-_ees e e e e e e e .

-~

* Mentha spicata

* < 5years old

. Stored in refrigerator Difference analysis (1D GC and GC x GC)

* Five El replicates (Single Quad and HRTOF)

* One Cl (Single Quad) or FI (HRTOF) measurement

4. Lavender Oil, Sakae

« >35yearsold
« Stored at room temperature




Single Quadrupole: GC-MS comparison of Peppermint Oils with El

and Cl data, msFineAnalysis 1Q software o

& Peppermint_oils_1-copy - msFineAnalysis iQ (El + SI) Others (B) A<B BOnly
File Export Method Option Help

Sample A ‘ El Data |Peppermint_oil_old_El_4JDQ Sl Data | Peppermint_oil_old_CI_1JDQ ‘ Sample B ‘ El Data |Peppermint_oil_new_EI_1.)DQ Sl Data Peppermint_oil_new_CI_1JDQ ‘

| Al i By Class ' Adjust Y (0-Max) | | Adjust ¥ (Min-Max) | (7] Display All Labels  Volcano Plot

A-El-1: Peppermint_oil_old_EI 4JDQ / Factor: 1.00 | | B-El-1: Peppermint_oil_new_Ei_1JDQ / Factor: 1.00 ~

TICC: El Data 54 o
T 495 reproducible peaks
150 G ) : - 1.50 T 3
o} : F r B | & g .
El [ P2 % in the 2 samples
2 (264] : s g ,|
o 18,51 360] r S
E 0.50 2343 - 0.50 f Sk |
- £
0.00 == e 1‘7?1*‘7...],...,.‘..]...J-.,..,.‘i‘v...0.00 0
0.0 25 5.0 75 100 12.5 150 17.5 200 225 250 275 30.0 325 35.0 375 400
Time [min] Log2(B/A)
TICC: Si Data % —L
x107 _ — 1510 : x107 [] Reflect Area to Marker Size Edit Volcano Plot |
G 1 042) P4 (285) CI r S Classification Result o D | .
§ 230 6.p3 e 7430 £ AOnly A>B Others (A) eCO nVO Ut|on
: T 3] r < =
2] . * Correlate El and Cl
L | Ji . thie [ B |
0.00 1 " - —— — — = 2 - — 7+ 0.00 Others (B) A<B BOnly

O.OI - '2'.Sl a ISI.O‘ - '7.5 10.0 12.5 1;.0 ' l1;.5l - 2(').0l - 'ZA;.‘SI - 'Z;.O' - 'ZTl-’.Sl - .3fl).0' - '32I.5. - .3;.0' o IS;.S' o '. - A Only A -R A<B | Only Others ¢ Database SearCh
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ ) Rl matCh
e * [sotope match

lonization  Peak Peak

Vanance Component Analysis Result

RT ; Width : Height
{min} Ri[u] Data s Area Height

Link Class Log2(B/A) p-value Count (A} Count(B) | Library Name CAS# Lib. Similarity Lib. Rl [iu] ARl [iu] Formula DBE Peal: Weight

mTZ] 869 1031 A-EH-2 769 22041187148934348 946 V| T4 00005 0 hyl-4-vinyl-1-cyclot ~ 1743-61-9 Wi2main 703 1015 16 CI10H16 T IS | S - st ™ 68 103 . .
W 075 872 1032 A-E-5  7.37 73933315€23221410: 4487 -094 0.000 5 5 138-86-3 Wi2main 821 1018 4 CI0H16 30 68 136 v ~NH4 065 | 154 SI 39 81 * Va rla nce a na |yS|S
llm 881 1036 B-EI-4  7.66 14876757740298650( 77.87 V] 150 0,000 5 5 470-82-6 mainlib 952 1032 4  C10HI180 20 43 154 v +H 09 | 155 si 43 137
8 1036 A-El-2 481 1935072 851751 016 VI R W 4 0 Wi2main | 656 (7 S50 C8H1003 ¢ S L G - ) - - ) 7 W R
n 0 ess 999 1191167 482251 009 ) 295 0000 s 3 892 1043 2 CoHI8O2 SF YR R | TR +NHE  NA 176 i 57 159
u 0 o 805 10256280 4085881 079 VI . 223 || 0000 5 5 885 1038 8 CIOHT6 30 3 136 +H 09t 137 sl 93 137
L | oso[R) 644 393241 141309 003 <-4 0072 3 o 505 9471437 0 C9H160 0 55 W ¥ oNHE  NA 158 Sl 98 158
L] 081 [E) 580 486554 207689 004 <-4 0000 5 o=l 053-88-7 manfib 54 1106 48 CI0HI6O 30 A= S| A, P s
W 082 946 805 7354641 2864258 055 /i -0.16 0.035 5 5 |y 998:4rephb 965 060 1 CI0H16 30 93 136 v +H 0.89 137 SI 923 137
mlTE 957 1063 579 470303 234424 005 <=4 || oooo 5 l; ol, 6-methyl- 18720-66-6 mainlib 655  740-1050 0 C8HI180 00 58 130 o +H NA D 131 s 8 176
m ] 979 107 B-E5 1253 19367405 5279510 102 ] >4 0.023 1 4 11-0ctano| 111-87-5 replib 840 1070 0 C8HI8O 00 56 130 N/A - - - - 41 -
mTT 982 1072 A-E-5  13.84 49455046 13037052 252 V] C -114 | 0000 N 5  |S-lsopropyl-2-methylbicyclo]  546-79-2 replib 944 1075 3 Cl10H18O 20 43 154 v -H 057 153 St 43 137
m T3 1007 1081 B-E-5 705 524230 301707 006 [J >4 0.000 0 5 | Methoxyacetic acid, 2-pentad - mainlib 564  1608-2370 527 C18H3603 10 45 300 N/A - - - - 28 -
m 7T 1021 1086 B-E-4 547 411889 178066 003 [ > 4 0.000 0 5 |3-Nonanone 925-78-0 replib 583 1090 4 C9HIBO 10 43 142 N/A - = = - 29 :
l 088 1022 1086 A-El-5 032 4046059 1798815 035 [V -0.06 0419 5 5 \Cyclohexenemmy:am 586-62-9 replib 933 1088 1 CI0H16 30 121 136 v +H 070 | 137 sI 93 137
Analysis Method | Defautt Edit |

Solutions for Innovation IJEOL ' ; 10




Compare peppermint oil samples with msFineAnalysis 1Q
Single quadrupole: El and CI data

i Peppermint_oils_1-copy - msFineAnalysis iQ (El + SI)
File Export Method Option Help

Sample A ‘ El Data Peppermint_oil_old_El_4)DQ Sl Data |Peppermint_oil_old_Cl_1JDQ Sample B El Data |Peppermint_oil_new_El_1JDQ S| Data Peppermint_oil_new_CI_1JDQ [ Edit Alignment Table \
\' All [ By Class Adjust Y (0-Max) | | Adjust ¥ (Min-Max) | [ Display All Labels  Volcano Plot
Sample A Sample 8
TICC: El Data TICC: El Data 27 & ° .\*.FGO odeamEme & e
6 [ T 6 6 7504 T %0 'e
x10% 555 | x10% x10 I x106 & al siavieee |7
= ) 3 ° %6° g °
— 1 L s = L 5 H ° ° e ¥
8] ° ") 1 2 o ° oo | © ° ° 8
& 1 -2.50 S -2.50 Bl B 37 0 3% o %e| %0 8 .
— i - o
z - S | & i ¢| | § i oo Clwm@ 0% % H
2 1 I = [ @ | > 2 24 o o0 o0 lg 3 3
& i 8 5.00 - = .. % ® 0o Y
1= 5.00 L é £ . E, : --—10.00 m°8 X Oy s 2%, =
B c c "l
- = L = o’ o o §’° of o
T e 0,00 _——— —— 0 . | [ . o : ' :
9.3 94 95 9.6 93 _ 96 AR R T 5 3 a
Time [min] Time [min] Log2(B/A)
TICC: SI Data TICC: S| Data - B
x106 J x108 . x105 500 i x10° - [ Refiect Area to Marker Size Edit Volcano Plot |
1 H ] I E
o 1 = — 4 I S
S 2 8 L 2 Classification Result
E 2,00 E| = £
2z 4 S 2z 1 I~ 2.50 S AOnly A>B Others (A)
g 1 g8 =Y i z ]
:: 4 ;.. E : 5 A=B
1 i i
1.75 —M\ [ |
—y - 0.00 -
T L e L s e S s e B ey S
Oth B A<B BOnl
93 93 94 a5 96 L > o C H 3
Time [min] Time [min] A>B A=E A<B | ¢
o terpinene
All A<B A=B A>B y p

Variance Component Analysis Result Total Result E | ° b h |
| Gowe || Mo qual In ot Samples
D ::in] Rifiu] Data g“"" Area  Height ;:]'9"‘ lik | Class Log2(B/A) p-value Count() Count(B) |Library Name case Lb.  Similerity Lib.Rif] ARIfiu) Formula DBE ?emiu; MW Wegh g m‘::.‘ng Ml B | Sl 2}t
W] 881 1036 B-EI-4 766 148767577140208650¢ 7787 ¥ | A<B 1.50 0.000 5 5  |Eucalyptol 470-82-6 mainlib 952 1032 4 CI0H180 20 43 154 v <H 0.99 155 SI 43 137
" 884 1036 A-E-2 481 1935072 851751 016 [¥] | AOnly <-4 0051 4 0 |3-Methoxy-5-methylbenzene - Wi2main 656 124 388 C8H1003 40 154 154 - - - 314 S| 111 141
m BT 895 1041 A-E-5 999 1191167 482251 009 M | A>B  -295 0.000 5 3 |Butyl 2-methylbutancate 15706-73-7 replib 892 1043 2  C9HI802 10 57 158 v +NH4 N/A 176 sl 57 159
= | 911 1046 A-EI-5 805 10256280 4085881 079 ] | A>B  -223 0.000 5 5  |136-Octatriene, 3,7-dimethy  3338-55-4 replib 885 1038 8 CI0H6 30 93 136 v «H 091 137 si 93 137
| 014 1047 A-EI-3 644 393241 141399 003 [V] | AOnly <-4 0072 3 0  |Cyclooctanone, 2-methyl- 10363-27-6 mainlib 947-1437 0 C9H160 20 55 140 v +NR4 N/A 158 sl 98 158
M 081 943 1058 A-E-5 580 486554 207689 004 [ | AOny <-4 0.000 5 0 Hotrienol 20053-88-7 mainlib 644 1106 42 CI10H160 30 71 152 - - . 27 Si 71 159
[mETF] 946 1059 A-E-5 805 7354641 2864258 055 ¥ | A=B  -0.16 0.035 5 5 y-Terpinene : 95-85-4 replib 965 1060 1 CI0H16 30 93 136 v +H 0.89 137 S| 93 137 |
BRCE] 957 1063 A-E-1 579 470303 234424 005 [V | AOnly <-4 0.000 5 0 3-Heptanol, 6-methyl- 18720-66-6 mainlib 55 1090 0 C8HIBO 00 50 130 v <H N/A 131 3] 83 176
= 979 1071 B-El-5 1253 19367405 5279510 102 [] | A<B > 4 1 4 |1-Octanol 111-87-5 replib 840 0 C8HI180 00 56 130 N/A - - - - 41 2
m T 982 1072 A-E-5 1384 40455046 13037052 252 V] | A>B 114 0.000 5 5  |5-Isopropyl-2-methylbicyclof 546-79-2 replib 944 3  CI0HI80 20 43 154 v -H 0.57 153 sl 43 137
W 086 1007 1081 B-E-5 705 524230 301707 006 [] | BOnly > 4 0.000 0 5  |Methoxyacetic acid, 2-pentad - mainlib 564  1608-2370 527 C18H3603 10 45 300 N/A - - . - 28 -
W 087 1021 1086 B-E-4 547 411889 178066 003 [J | BOnly >4 0.000 0 5  |3-Nonanone 925-78-0 replib 33 109 4 (9HI180 10 43 142 N/A - - - - 2 -
mTT] 1022 1086 A-E-5 932 4946059 1798815 035 M | A=B  -006 0419 5 5 |Cyclohexene, 1-methyl-4-(1-r 586-62-9 replib 933 1 CIOH16 30 121 136 v +H 070 137 sI 93 137
Analysis Method  Default Edit u o
e — fome Y

Solutions for Innovation IJEDL ' ; 1 1




Compare peppermint oil samples with msFineAnalysis 1Q
Single quadrupole: El and CI data

Peppermint_oils_1-copy - msFineAnalysis iQ (El + SI)
File Export Method Option Help

Sample A El Data |Peppermint_oil_old_El_4.)DQ Sl Data | Peppermint_oil_old_Ci_1JDQ Sample B El Data |Peppermint_oil_new_EI_1JDQ Sl Data |Peppermint_oil_new_CI_1JDQ Edit Alignment Table
[ All I By Class Adjust Y (0-Max) | [ Adjust ¥ (Min-Max) | (] Display All Labels ~ Volcano Plot
Sample A Sample B
TICC: El Data TICC: El Data B 54 ®° '\.‘.”90 OOm e 9. 408
<108 500 500 x108 <108 5007] 500 x108 _ o B | %P
5 | [= 4 %4 * %4y [ o
- i 2l g ' i E 3 oY & .« °
8 L 1 () 4 L ° > .. ° © o ° ° .
a o [-% o 3 . ) Qe 8 o
€ i EI|B - - £ & e o % Do
= L 2.50 S 2z 250 L 250 3| | ® § cog "o 2 |oaol e, ( :H
e F 2> g 1 - 2 o 24 ° e® .8’%0 8 8 3
£ % ] 2 ° % @
= i € = 1 r c sl E Polo i °°,
< o = =] 0, 00 ©
- £ 1 r £ 1 & °
L = ] L = o' o ) ' od o
- — 0.00 I —r——0.00 0 | | ; 4 - ; ; :
8.9 9.0 -4 -3 =2 -1 0 1 2 3 4
Time [min] Time [min] Log2(B/A)
TICC: Sl Data TICC: §1 Data —
— T oy -
x107 - x107 x107 | B x107 [ ] Reflect Area to Marker Size Edit Volcano Plot
I~ 5.00 £ 5.00 - 5.00 £y
> I il & ] i g
o] F 2o 1 F 2 Classification Result
= F E & 1 F E
z - S| 1 L S AOnly A>B Others (A)
§ E 2.50 2 § 2.50'—- '-— 2.50 g
£ L g E ] F g A=B
L § - 4 /\ L £
s s e e — 0.00 o e——s —— . —— ey e -B =
<
87 88 89 9.0 87 838 89 9.0 o i
Time [min] Time [min]
[[] Display as RI H 3 C C H 3
All A<B A=B A>B

Eucalyptol

. ) I Base Molecular
?;in] Rifi) Data ;’s"]'d"" Area  Height ”‘%']'9"' Uik | Class  Log2(E/A) pralue Count (A) Count (B) |Library Name CAS# Lib. Similarity Lib.Rifi] ARIfiu] Formula DBE :’:;i; Mw g;ig:' AL::W '.ZZ;'Z,".‘"Q IMm/z :::niuﬁon :::“ :l::se .
] 815 1012 A-E-3 713 317601 145653 0.03 AOnly <-4 3 0 Propanoic acid, 2-methyl-, 3- 2050-01-3 replib 696 1014 2 C9H1802 10 43 158 E - = 468 sI 43 159 M O re a b u n d a nt I n FI u ka
™ 825 1015 A-E-1 643 874320 300918 008 [ | A>B  -124 5 S| Cronsnese scdl metiyisos; INDARS 604 repk 890 1016 1 COHI802 10 I e D NHE  N/A 176 S 82 159
™ 834 1019 B-E-4 035 6280175 2779584 054 A=B 098 5 5101 | 13:Cyclohexadiens omeihy 99-86-5 repiib 951 1017 1 Cl0H16 30 121 136 o +H 071 137 sl 121 137
M 070 852 1025 B-E-4 0926 1533783 469182 009 [] | BOnly >4 0 4 |3-Oxatricyclo[5.10024Joctan  20053-58-1 W12main 647 | 4 C10H160 30 119 152 NA 2 - i £ -
o 856 1026 A5 801 70785250 22907979 443 [ | A=B  -064 5 51| oXCymene 527-84-4 mainlib 052 1022 4 Cl0H14 0 19 134 o none.|[7030 124 s 19 119
M 072 850 1028 A-E-3 865 1393728 588268 011 [ | AOnly <-4 5 0  |3-Octanol, 2-methyl- 26533-34-6 replib 5 092 4 COH200 00 55 144 - " - 464 sl 83 162
B 073 860 1028 B-E-5 801 346623 135917 003 [] |BOnly >4 0 5 | Octane, 1-methoxy- 920-56-6 mainib 6 1026 > COH200 00 45 144 NA ; - - 45 5
™ 860 1031 AEl-2 769 22041187148934348 046 [/ | AOnly <-4 5 0 |14-Dimethyl-d-vinyl-1-cyclot  1743-61-0 Wi2main 703 1015 6 CI0H16 T G - : 25 s 68 103
m 872 1032 A-E-5 737 73933315€23221410; 4487 V] | A=B  -004 5 S e 138-86-3 Wi2main 821 1018 14 C10H16 30 68 136 o +NH4 065 154 sI 9 81
m 881 1036 B-EIA 766 148767571 40298650( 7787 W] | A<B 1.0 5 57| Eicalypiol 470-82-6 mainlib 952 1032 2 CI0HISO 20 43 154 A 0.99 155 sI B 137 |
W 077 884 1036 A-El-2 481 1935072 851751 016 | A Only <-4 4 0 3-Methoxy-5-methylbenzene - Wi2main 656 424 8 C8H1003 40 154 154 - - - 314 Sl m 141
‘.| 895 1041 A-E-5 099 1191167 482251 009 M | A>B  -205 5 3| Butyl 2-methylbutancate 15706-73-7 replib 892 1043 2 CoHIBO2 10 57T 158 o +NHE  N/A 176 s 57 159
™ 9011 1046 A-E-5 805 10256280 4085881 079 [ | A>B  -223 5 500 |13, 6:Octatiene: 37-dmetn I 3338:5524 repkb 885 1038 8 CIOH16 30 93 IEs +H 091 137 s 03 137

Solutions for Innovation IJEDL ' ; 12




Chromatographic deconvolution for small Eugenol peak

A-El-1: Peppermint_oil_old_El_4.JDQ / Factor: 1.00  ~ | | B-El-1: Peppermint_oil_new_EI_1JDQ / Factor: 1.00 ~

TICC: El Data
x108 ] i x108

-, 1 [134] r E
S 5.00 [076] 1245 - 5.00 3
E: 1 [008] 8.83 [210] - £
2 1 1.85 ] [ 16,04 E S
5 | E 2
£ 9| [qi0] [042] [050] 0781 o - 2.50 i

] 6.23 7.34 [ 1 [249] [264] [360] E 8

] 12 14.47 18,51 - =

1 4 15/B8 2 23.43 .

0.00 T T ‘l I T T T T I T T T T T AI T T T T T ‘I T I T T T T |A T f AI T I T T T T I T T L} T I T T T T I T T T T I T T T T I T T T T I T T T T Ow
0.0 25 5.0 75 10.0 125 15.0 175 20.0 25 250 275 30.0 325 35.0 375 400
Time [min]

i Peppermint_oils_1-copy - msFineAnalysis iQ (El + SI)
File Export Method Option Help

Sample A El Data |Peppermint_oil_old_El_4..DQ Sl Data |Peppermint_oil_old_CI_1.JDQ Sample B El Data | Peppermint_oil_new_EI_1JDQ Sl Data |Peppermint_oil_new_CI_1JDQ Edit Alignment Table
[ Al I By Class Adjust Y (0-Max) | [ Adjust Y (Min-Max) | (] Display All Labels Volcano Plot : OI I CI |3
Sample A Sample B
TICC: El Data TICC: El Data 51 00 *Roof® e rio0 omemme (e ‘e8e
z 6 6 8.00-] " 6 %o
x108 800 F x10 _ x10/ ] E 08 o P et ...o: s
F-3.00 T F-3.00 2 2 ® 00/ S 0ims e
(o) L 3 (o) 2004 L B 2 o ° ow| © ° 8
£ o F B e B2 3 1% %8 .
2 o Q 2 F Q g o0 ° % 000 o ®
2 o 2 6.00] o < 24 ° o o8¢ [g 8 °
8 6.00 N §’ s r g' o ° E ) 800 °
= - 1.00 § = ] F1.00 § ] o o wog 030 Ops—1 0%, = '
g = 5.00] C = ° o o
5.00 /\/Z 4 F o 9 °
L 1 e L 0.00 0 : : : ‘ o . . ;
175 176 177 178 175 176 177 178 AT 1 5 3 i
Time [min] Time [min] Log2(B/A)
TICC: S| Data TICC: Sl Data A B
NI - - —
x108 1.784 ) x10% = x105 150 - [ ] Reflect Area to Marker Size Edit Volcano Plot
7 T B
g C 3 g 125 3
v 1754 [ a E ° a Classification Result
B - 5.00 E E E
z a S 2 S AOnly A>B Others (A) 2
I r a 1.00
g 173 L g 3 / £
z I-2.50 é E / g A=B
s = 0.75 / =
1.70 : > [
e O s T
175 17.6 17.7 17.8 175 17.6 17.7 17.8 Y
Time [min] Time [min]
S Eugenol

More abundant in Fluka

. El Base Molecular
R R Deta WHB e Height Nt (e | log2(8/A) pvalue | Count(A) Count(B) Library Name case b, Similarity Lib. Rl fu] ARl fiu) Formula DBE | Paskc B (MW Weinpne IR (G schopellou oV N BRI i Gase | - Dase
[min] [s] &3] (Lib) Check Loss Matching lonization  Peak Peak ° O

W 001 002 484 A-EI-5 513 1959112 852077 016 A=8B -0.92 0.253 B 3 1H-Pyrrole-2-carbonitrile 9513-94-4 mainlib 54¢ 13 5 C5H4AN2 50 92 92 - - - 509 Sl 18 253 H e I h t — O 5 7 /

| 141 610 A-EI-4 3.23 22802401 19509976 37 W A=B -0.25 0.101 5 5 Nitrogen 7727-37-9 W12main 824 N/A N2 20 28 28 - - - 513 SI 28 162 - ° O

| ] NE] 144 613 A-EI-5 7.10 33243872 19396872 375 A>B -1.19 0.000 5 5 Water 7732-18-5 W12main 914 / N/A H20 00 18 18 - - - 476 SI 18 273

| ] 147 615 A-El-1 5.79 884766 631628 012 ¥ A=8B 033 0.259 5 -] Butane, 1-isocyano- 2769-64-4 replib 713 N/A CS5HIN 20 43 83 - - - 512 SI 29 234

| | 153 621 A-EI-2 291 519044 455011 009 W A Only -4 0.000 5 0 Acetic acid, ethoxyhydroxy-, € 49653-17-0 mainlib 679 21 C6H1204 10 29 148 - - - 475 SI E3| 129

™ 158 625 AE-1 514 7192583 6354088 123 ¥ | A=B 099 0020 5 5 |Acetone-cxime - Wi2main 795 27 C3HINO 1w 48 B - - - 26 s 8 30

| | 1.76 642 A-ElI-1 579 3076091 2411445 047 W A>B -346 0.001 5 4 Acetic acid 64-19-7 replib 910 32 C2H4 02 10 43 60 v none 0.95 60 El 45 181

L] 185 650 B-El-1 6.09 54148110¢ 33691783¢ 6510 [¥] A<B 1.19 0.022 5 5 Oxirane, 2-ethyl-2-methyl- 30095-63-7 mainlib 750 16 C5H100 10 41 86 v none 0.95 86 El 42 85

| 197 660 A-El-4 482 1854109 1502928 029 [J] A Only -4 0075 3 0 1-Propanol, 2-methyl- 78-83-1 mainlib 928 6 C4H100 00 43 74 v none N/A 74 El 43 217

| 200 663 B-El-1 3.53 13349192¢ 11569297¢ 22.36 \'\!] A=B 0.054 5 5 Cyclopentane, methyl- 96-37-7 replib 935 C6H12 10 56 84 N/A - - - - 56 83

L3 214 675 A-EI-1 579 1465304 1262437 024 @ A>B 0.000 5 3 Isovaleric aldehyde 590-86-3 FFNSC3 922 1 C5H100 10 44 86 v +H N/A 87 Sl 43 87

| | 220 681 A-EI-2 353 1735661 1425185 028 |vi A Only 0.000 5 0 Butanal, 2-methyl- 96-17-3 mainlib 762 18 C5H100 10 41 86 v +H N/A 87 Sl 29 87

- 230 690 A-EI-2 546 624172 497365 010 i A Only 0.000 5 0 1-Penten-3-ol 616-25-1 W12main 884 671 19 C5H100 10 57 86 - - - 458 Sl 57 187

Solutions for Innovation IJEDL ' 5




GC x GC-HRTOFMS chromatograms for the peppermint oils

*

Sakae (>35-year-old sample) Fluka (Fresh sample)

(&)
o

Solutions for Innovation IJEOL ' ; 14



Some details for the Fluka Peppermint Qll

‘ 8 nc %
. OH \
- ) S—

5 B K /Mmt lactones
= Menthalactone

Ilsl‘lgllllll

|09

lll'slllslllllll [ENEARER]

[ ‘ SteoIS\%

% Terpene esterg | '
' / ‘ 'S /Sesqunerpenes

IDQ

'0‘?

Ilgllelllllll e

Ilalllellllll

ISC

Nidi

| Postion: {0.0,0.0) | Value: 0.0 |State: Template | Substate: Select Object(s)
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Sakae (>35-year-old sample)

Eucalyptol and Eugenol blobs in Sakae and Fluka samples:
Two compounds that were found to differ in the 1D GC-MS data

Fluka (Fresh sample)

+ [Position: (20.806,7.940) | Vakue: 899.9368
L= S———

| State: Chemical Structure ISLbstat:

[Position: (0.544,3.020) |Value: 999.4811

(@) 0 e
~z ~z
s fon-
<z =
— (o=
o= = °
o= 8= °
o= oz
E o=
o= o=
fas o=
: : °3
o= o=
o= ° =
z 8 &
&2 52 °
5 'S 5
= : of = t
o i ' G °
o -%' # ES
: Eucalyptol & 2 :
z ol =
= J’u ° oS ol
“'E ° -‘"é
= o ¢ fec
z 8 L] 5
oz ] 1=
o= o=
3 e 0%00 ©
o e o o Pop
o= =
S ° =
5 ° s
= . 1 00 B0 00 0 0% =
3 ‘ o, © %00
z - %o
e o? =
= = z
= ' E © © coOmoo
8 e 00 52
; o 0 E
oz o d? ' 9000 @O0 oz
R s R R SR R R R RN R RN R RN RN NN AR R R VRN R R RN RN RN E RN RN SRR RN RN R R = T T U LR U D T L fobd T A T P a5
0 10.0 150 200 5.0 30.0 5.0 40.0 450 so.0 |s5.0 lec.0 jo5.0 0.0

| State: Multi-Spectrum | Substate: Integrated Spectrum
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PCA and Eucalyptol entry for GC x GC-MS in A

O):g Sequence Results

o

nalyzerPro XD

PCA

PCA scores from results
Range scaling with 95% confidence ellipses

1 ® Sakae ¢
1 W Fluka s
1.00
0.50
£ o *
<4 4
S 5
~ .
= 0.00 -y
~ ] ® L |
S i
4 i
-0.50
] [ ]
-1.00
N B B B e e B L e o B B e B S o S o B S
-0.6 -0.4 -0.2 0 0.2 04 0.6
PC1-17.263%

Component Matrix using Area from Component, normalized to TIC

Components Target Library
31 Bicyclo[4.1.0]hept-2-ene, 3,7,7-trimethyl-, (1S-cis)-  Unknown 20240101_115549
32 6-Undecanol Unknown 20240101_115549
33 o-Cymene Unknown 20240101_115549

34 Formic acid, octyl ester Unknown 20240101_115549

35 1,3-Dioxolane, 2-butyl-2-ethyl- Unknown 20240101_115549

36 Limonene Unknown 20240101_115549

37 Eucalyptol Unknown 20240101_115549

38 1,3,6-Octatriene, 3,7-dimethyl-, (2)- Unknown 20240101_115549
39 Component_0251 Unknown 20240101_115549
40 N-Acrylonitrylaziridine Unknown 20240101_115549
41 Pentanoic acid, butyl ester Unknown 20240101_115549
42 B-Ocimene Unknown 20240101_115549
43 2,4-Pentanedione, 1,1,1,5,5,5-hexafluoro- Unknown 20240101_115549

44 Pentane, 3-ethyl- Unknown 20240101_115549

45
4
D:\Exported_Data\Peppermint_oil_GCxGC\Sakae_Fluka_comparison_1.swsx

Cyclohexanone, 5-methyl-2-(1-methylethyl)-, trans- Unknown 20240101_115549

Expected RT Sakae

15.2525
15.5193
15.5243
15.6487
15.6523
15.78%0
15.9255
16.0527
16.1859
16.4505
16.4542
16.5869
16.9074
16.9882
17.0367

PCA biplot from results

PC2-12.703%

0.04

0.03

0.02

0.01

-0.01

-0.02

-0.03

-0.04

-0.054

[1] Peppermint-oil-OLD1-10_GCxGC_El+(eiFi)_01-Centroid.cdf

05 04 -03 -02 01 0 01 02 03 04 05
ORI O T T N T I W N U W W T W W W A O O O A |
Fo4
Fo.2
Fo
0.2
F-04
06
F-0.8
B o T B Ao B B a o s
006  -004  -002 0 002 0.04 0.06
PC1-17.263%

Sakae
0.2480
0.0579
6.3039
0.0209
0.0073
10.3369
42.4702
0.7276
0.0474
0.0074
0.0534
0.6445
0.0062
0.0126
0.0506

[2] Peppermint-oil-OLD1-10_GCxGC_EI

F N

Scree Plot

sportion of Variar
!

0 3 Tt — e o @

————o—_ o

1 2 3 4 5 6 7

Principal Components

Box Plot
Eucalyptol

8

9 10

CHs;

LE]
ey

02
1.60e

02
1.20e

01
8.00e

|

01
4.00e

)
2
9#
Eucalyptol, Peppermint-oil-NEW_1-10_GCxGC_El + (eiFi)_04-Centroid,
Expected RT 15.9255 minutes, All Channels

81.000
100.00

71.000 108.000

55.000

80.00 93.000

60.00

40.00

Relative Abundance (%)

20.00

I SR S AN SR SR S S [N S ST S NN SN S SN T I T T S S MUY

0.00 |‘| Ll | il
T I L

>
&

=+

125.000

e 2T ®

HsC CHsj

139.000 154.000

Eucalyptol
More abundant in Fluka

60
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PCA and Eugenol entry for GC x GC-MS in AnalyzerPro XD

o’?‘ Sequence Results

o

PCA
PCA scores from results PCA biplot from results Scree Plot
Range scaling with 95% confidence ellipses
] ® Sakae i -05 04 -03 -02 -01 0 01 02 03 04 05 205
1 [T FETEE TR PR FTET TS ST PR ST R | s 80 4
1 W Fluka ] = E
i © 0.04 3 Bl
1.00 Rl 0.4 e 7
] E C 0 40
{ 0.03 C € E
] E o o = —
] 3 -02 g0 ———o—0—0—0—0—__o  _
0.50 0.02: N LI B B B B o o e o e o e LN e e o S o
2 1 o * ] - 1 2 3 4 5 6 7 8 9 10
] ] ® 001 4 o
~ ] 3 ] C Principal Components O H C H
o | ] =g =
~ 0.00 I-. ~N ] -
~ ] o [N - ] --0.2 Box Plot
¥ ~ -0.017 -
= ] o] ] L Eugenol
] -4 ] L
-0.50 -0.02 - 00 b4 O
E ] C 04 1.20e “s
i ® -0.03 C -01 g
] ] " 06 8.00e
-1.00— -0.04 r 01
1 ] C 4.00e
1 -0.054 --0.8 00
| T e e e e e e e e S NS B e e e e e e e e e e o e e [ B e e o o e e e s B e B e e e e e B e e e B e e o 0.00e —— *
-0.6 -0.4 -0.2 0 0.2 04 0.6 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 o N
> N
PC1-17.263% PC1-17.263% & &
Component Matrix using Area from Component, normalized to TIC T — Eugenol, Peppermint-oil-NEW_1-10_GCxGC_El +(eiFi)_01-Centroid, Ui g =+ 2
P I Oil-OLDI10 GOXGC. El+ (eiFi) 01-C Expected RT 30.7525 minutes, All Channels - o C H
Components T Target Library Expected RT [S;kaeeppermln o -GCXGC_El+(eiFi). en J / 2
- 1 164.000
887  Ethyl diazoacetate Unknown 20240101_115549 40.0662 100.00
869  Ethyl di-N-butylamine Unknown 20240101_115549 386111 1
2212 Ethylene phosphite Unknown 20240101_115549 48.2308 80,00 1
3610 Ethyleniminoacetonitryl Unknown 20240101_115549 8.7144 g 1 E u g e n O |
631  Ethyleniminoacetonitryl Unknown 20240101_115549 14.5900 s 1
-] _
3251 Ethyleniminoacetonitryl Unknown 20240101_115549 40.0314 '§ 60.00 M M
2 ore abunaant in rliukKa
1512 Ethylidenecyclooctane Unknown 20240101_115549 19.8004 ﬂ 1
o i 81.000 149.000
37 Eucalyptol Unknown 20240101_115549 15.9255 2 1 . O
Height = 0.57%
2489 Eugenol Unknown 20240101_115549 30.7525 2 1 ’ 91.000 131,000 - ° 0
767  Evodone Unknown 20240101_115549 30.2282 { 55.000 200 |
3544 exo-Norborneol, trifluoroacetate Unknown 20240101_115549 424781 20.00 A
2017 exo-Tricyclo[5.2.1.0(2,6)]decane Unknown 20240101_115549 27.6680 4
g 87.000
1583 Formaldehyde, (2-butenyl)methylhydrazone Unknown 20240101_115549 27.1468 4 ‘ || | ‘ |
000 1 m "|.|.|". 01T O
2382 Formaldehyde, methyl(2-propenylhydrazone Unknown 20240101_115549 243124 ! ! ' ' ! T
60 80 100 120 140 160
2867 Formaldehyde, methyl(2-propynyl)hydrazone Unknown 20240101_115549 33.2375 hd m/z
4 4

D:\Exported_Data\Peppermint_oil_GCxGC\Sakae_Fluka_comparison_1.swsx
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Peppermint Oil and Spearmint Oil: very different compositions!

Peppermint Qil

Eugenol

of
1

lu-ll:éé

Mint lactones
7

Menthalactone|

‘ ' ' Ste%

Terpene esters |
L o :
| % Sy po— Sesquiterpenes

\\ s
i
. —Alkane
-)-Spathulenol ———
& hyll
Menthyl acetate aryophyliene
ki L T L T L L N o L T Y GOy UL O C ULy SOy =

arvone-7,8-epoxide

Carvone
Dihydrocarvone

‘0 Caryophyllene dxide

Isomenthone

§ o
Limopene |

JH
¥4

Lavandulol” e nthol Dlhydrocarveol <1,6->

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
i 100 |15 0 [’A’D‘O |25 0 I‘JOD |35 0 L‘O 0 450 ED 0 55.0 kD 0

o,‘oé gf%

K v?alb\Caryophyllene

beta Bourbonene
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How does GC-MS (LR and HR) with deconvolution compare with
‘ GCxGC-HRTOFMS?

2

IIIlgl-lollIIIIII?IILIIIlllllgl.llllllllllai.lzlllllIIIQI.IZIIIIIIIF?.FIIIII

We'll use Lavender Oil as an example. Let's look at a small section of
the chromatograms where several components elute closely




GC Image results for the selected region

08 nc

lexyl acetate
: 3-Octanone ®
1-Octen-3-ol

.a-Pinene |\ )

A(W 3-Octanol

O
\ 3- Carene

_ 2(10)Pinene L DR

o \\
o
| IIIIIIIIIIIIIlIIIIIIIII|IIII|III1'IIIIIIIII|IIIII|III|IIIIIIIII|IIIIIIIII L0 ¢ UL 548 DL BN LSS LG0T o IS L 1 16 T el | I||II|II I lIlIlIIIIIIIIIl_IIIIIIIIIIIIIIIHI Prrrrrrrrp e e rrrprrrerrrreprrrrernnd IIIIIIIIIIIIIIIIIIIlIIIIIIIII Tt
5.0 6.0 7.0 8.0 9.0 10.0 1.0 12.0 13.0 140 15.0 16.0 17 18.0 19.0 20.0 21.0 22.0 23.0 24.0 25.0 26.0 27.0 28.0 20.0 30.0 31.0 32.0 33.0

| Position: (22.011,0.480) | Value: 271.2271 |State: Text | Substate:




AnalyzerPro XD results for the selected region

nts Name Confidence % Forward Reverse CAS # Library
’ . . A
O® 2D Analysis Results 2,5-Cyclohexadie 97.30 972 972 59034-54-7 w12main
Bl el -~ Lavender_oil_Sakae_GCxGC_El+(eiFi)_1-Centroid T B @ 52 % Lavender_oil_Sakae_GCxGC_El+(eiFi)_1-Centroid .
/| Auto scale contour plo TIC NL 8.87E08 “ RT 13.9147 minutes, Scan 41712, NL 1.38E02, BP 64.746, Centroi 2-Pinene 92.14 919 924 80-56-8 w12 rep
+| Enhance plot Ja.746
T e 100003 Camphene 85.40 851 858 79-92-5 ffnsc3
8.00e - .
BQ B
— s 2000 2(10)-Pinene 91.08 900 933 127-91-3  wi2rep
Modulation frequency 86 00903 £ ]
[ = k-1 :
8 3 § %090 3 1-Octen-3-ol 86.79 867 867 3391-86-4 wil2rep
3 08 < 1
2 4
Offset < 4.00e $ 4000
e ] 3-Octanone 93.89 938 938 106-68-3 w12rep
0 2 ]
200> % 2000 .
Contour color palette 5 ] 3-Octanone 90.35 896 918 106-68-3 repllb
: 0.00e 0.00 A
White v — —_—— e — .
Apply > B .
v Retention Time (minutes)
2-Octanone 92.19 921 921 111-13-7 w12rep
Contour 1 Lavender_oil_Sakae_GCxGC_El+(eiFi)_1-Centroid - Con
Lavender_oil_Sakae_GCxGC_El... e 513 F RT 7.7726 minutes, Scan 23286, NL 8.187E02, BP 84.093 3 _ H d roxvoctanc 77 97 7 1 8 92 1 n/a WA] 2 main
TIC NL 5.45E04 “ NL: 6.123E06 e 52 + e Yy y 3
8 (s g 80.00 3-Heptanol, 6-me¢ 82.32 775 933 18720-66-6 w12main
1 r 3 061
- s
7] [, 54000 (4E,6Z)-2,6-Dime 82.18 821 821 7216-56-0 w12main
] S 40.
r 2
i s Acetic acid, hexyl 87.69 873 883 142-92-7 wl2rep -
r < 0.00
_ i T T
g 6 60 65 4
- m/z
. | - I IS S S -
H L
§ | B ID Components =~ Name Confidence % Forward Reverse CAS # Library ‘
g.] [ ‘ " | - 2,5-Cyclohexadie 97.30 972 972 59034-54-7 w12main -~ o 2 - Octa none
= -4
E — ‘l\ | k { |‘ f = 2-Pinene 92.14 919 924 80-56-8 w12rep
= WAl {1 - CH
5 é z - 5 Camphene 85.40 851 858 79-92-5  ffnsc3 H.C 3
< 3'_ | :3 7.9 2(10)-Pinene 91.08 900 933 127-91-3 w12rep s ,
: ‘I : 10 1-Octen-3-ol 86.79 867 867 3391-86-4 w12rep \ [r— [r— [r— [r— [r— [r—
2_‘ : 1 3-Octanone 93.89 938 938 106-68-3 w12rep
1 __2 2 3-Octanone 90.35 896 918 106-68-3 replib
— : 3, 15 1,6-Octadiene, 7- 89.09 890 890 123-35-3 w12rep CH2
11 o 2-Octanone  92.19 921 921 11137 wi2rep ﬁ - M y rcene
1 i 5 3-Hydroxyoctanc 77.97 718 921 n/a wi12main |
0 ] [* 7 3-Heptanol, 6-me 82.32 775 933 18720-66-6 w12main CH
T T i 2
o4 o4 T T L . T T . B T T B T A B T T T T T R R A L 0 3 (4E,62)-2,6-Dime: 82.18 821 821 7216-56-0  w12main
400e 200e 10 28 8 40 PO 60 o 8 9,21 Acetic acid, hexyl 87.69 873 883 142-92-7  wi2rep = |
Abundance Retention Time (minutes) P >
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Intensity (TICC)

x10°

Hexyl acetate
— /\/\\/\QJL é
: 3-Octanone ° g0 ® ° 8
~ 1-Octen-3-ol R S A
: -Octen-3-0 8¢ 8
| : . @ 80@"0 v
a-Pinene |\ ¥ N S A jGC X GC - HRTOFMS
7
: Jlj Camphene ‘ °# ¢ + GClImage
ESes - !
e . 3-Octanol 2-Octanone not detected:
i e
: o
_ . ; ol 3-Carene
;_ . /’\r \\—\_/ \ //\]/\¢/\\ &
- 2(10)Pinene (< __b- Myrcene
TICC: El Data
= 3-Octanone — o - X105
3.00 i 1D GC' HRTOFMS [007] f' I N 3.00 =
7.72 j12-Octanone Hexyl acetate : =
. - . . - J . n (]
2.00 2(10)Pinene B-Myrcene B-Ocimene / [ 2.00 3
7 O
1-Octen-3-0l : S
] / Butyl butanoate \ [013] I 2
1.00 . [0056 / 8.40 ~ 1.00 §
7.6306] 0101 0111 3-Octanol [012] - =
] /\757\ 7.96 802 8.35 !
0.00 I I I II I I I I I I I I I I I I I I I I I I I I I I I 0,00
7.25 7.50 7.75 8.00 8.25 8.50

Time [min]
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2-Octanone is detected in GC Image after blob deconvolution/unmixing

8 nc

2-OctanoneHeXy| acetate

O

3-Octanone ©

1-Octen-3-ol

o

-a-Pinene >

B
[ e
[ L e <
‘Q:) 7

/ VN et 3-Carene

N o EPNGE LN P B
> & ¥

o_
| 1.0

|Positon: (10.944,4.680) | Value: 207.5714 | State: Chemical Structure | Substate:
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msFineAnalysis 1Q results for GC-single quadrupole MS

i Lavender_oil - msFineAnalysis iQ (El + SI) —
File Export Method Option Help

El Data |Lavender_oil_Fluka_EI_200_1_1.)DQ Sl Data |Lavender_oil_CI_200_1_1JDQ Detection Type |Deconvolution

| Adjust ¥ (0-Max) | | Adjust ¥ (Min-Max) | [¥] Display All Labels

Analysis Method

Essential_oils

TICC: El Data
x103 x105
- 5.00 _
©
2 S c
g i g
€ - :
z I S
g -2.50 2
£ [ 5
[020] | =
10.71
T T T T T T T T T T T T T T T T T 0.20
5.75 6.00 6.25 650 6.75 7.00 7.25 7.50 7.75 8.00 8.25 8.50 8.75 9.00 9.25 9.50 9.75 10.00 10.25 1050 10.75
Time [min]
TICC: Sl Data
x107 | L x107
1.00 - 1.00 .
- = ©
ik [ 4
S ] () 2
5 ] - :
= 1 022} )
§ 0507 10.74~0:50 z
£ ] 3 =
= g
g . [006] - ) [018] [019] [ £
[001] [002] [004] [005] 745 [007] [O0®40] [016] 9.81 10.26
1 6.00 6.21 7147 7.3 756 8.8114 \ 9.10 A i
200 Ae———————————————— T T - 0.00
5.75 6.00 6.25 6.50 6.75 7.00 7.25 7.50 7.75 8.00 8.25 9.00 9.25 9.50 9.75 10.00 10.25 10.50 10.75
Time [min]
[] Display as Rl
Total Result Spectrum Info
RT Width Height Ee. Adduct/ ElBase Sl Base
ID il RI [iu] Area Height % Library Name CAS# Lib. Similarity Lib.RI[iu] ARI[iu] Formula DBE :’E:I; = IM m/z ot | By Peak
boo ™Y, PEE MM MR Y |TMUen. T N 05 TWMorep Mgy W), NN R, e T30, el o g ETETg: EA i S e QLT o
=] 621 934 629 494570 246610 152 | 2-Pinene 80-56-8 W12rep 869 948 C10H16 30 93 136 +H | 137 si 93 137
5] 662 951 804 327790 153464 095 | Camphene 79-92-5 FFNSC3 858 953 2 CI0H16 30 93 136 +H | 137 sI 93 137
= 717 974 550 08825 44952 028 |1,3-Cyclohexadiene, 2-methy 99-83-2 Wi2main 763 969 5 CI0H16 30 93 136 THAE | EEaaT S| 93 137 ‘
L] 731 979 559 963660 454072 2.80 | 2(10)-Pinene 127-91-3 Wi2rep 846 72 7 CI0H16 30 93 136 +H | 137 sl 93 137
=5 745 985 594 936307 470276 2.90 |3-Octanone 106-68-3 mainlib 851 986 1 C8H160 10 43 128 o +NH4 | 146 sl 99 129 I |
o 756 989 594 783429 384821 237 |2(10)-Pinene 127-91-3 Wi2rep 805 972 17 CI0H16 30 93 136 - - | 14e sl 93 137
2] 775 997 699 65470 31802 020 [ |3-Octanol 589-98-0 replib 667 993 4 C8H180 0.0 59 130 = 2 101 El 83 -
] 811 1010 489 65221 31488 0.19 B-Ocimene 13877-91-3 replib 678 1037 27 ___CI0H16 3.0 93 136 ~H 137 S| 93 137 |
G dlde 10 hhnf 99 w549 el 249 il cetipgigich heoislsl igalde’ mapln i min G e s el eh el 162! ! o 43 ] 62
3] 840 1021 769 65160 30403 0.19 Benzene, 1-methyl-4-(1-meth 99-87-6 W12main 855 1042 21 CI0H14 40 119 134 none 134 El 119 =
] 854 1026 594 465094 221008 136 | Benzene, 1-methyl-3-(1-meth 535-77-3 replib 887 1022 4 CI0H4 O B e kT e none | 134 | 19 119
] 867 1031 699 3015246 1391678 858 | Limonene 138-86-3 FFNSC3 889 1030 1 CI0H16 30 68 136 +NH4 | 154 S| 93 1 E1aT \
] 877 1034 629 2188305 1042778 643 | Eucalyptol 470-82-6 mainlib 840 1032 2 Cl10H180 20 8 14 +H | 155 sl 108 137
=] 880 1035 699 921491 343842 212 | (4E,62)-2,6-Dimethyl-24,6-oc ~ 7216-56-0 W12rep 861 903 42 CI10H16 30 93 136 = | Eass sl 23 135
a 910 1046 664 697133 332453 205 I |3-Carene 13466-78-9 mainlib 876 1011 35 CI0H16 30 93 136 +H | 137 sl 93 137
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Summary for a selected retention time region (lavender oil)

‘ GCxGC/AnalyzerPro XD GCxGC/GCImage GC/Quadrupole GC/HRTOF
2-Pinene (a-Pinene) YES YES YES
Camphene YES YES YES
2(10)-Pinene YES YES YES
1-Octen-3-ol YES NO YES
3-Octanone YES YES YES 12 Compounds
3-Octanone (not a separate blob) YES YES YES in this RT range
b-Myrcene YES 1 NO YES
2-Octanone NO YES NO
3-Hydroxyoctanoic Acid (Butyl Butanoate is Hit #6) NO ° NO Butyl butanoate
3-Octanol 3-Octanol NO 3-Octanol
b-Ocimene YES YES YES
Acetic acid, hexyl ester YES YES YES

'YES after interactive blob deconvolution/unmixing
2 3 hit after interactive blob deconvolution/unmixing

Both GCxGC data analysis programs examined were equally effective in detecting blobs and assigning compounds,
although there were slight differences in the detection and ID of minor compounds.

* AnalyzerPro XD is easy to use for sample comparisons and uses a 2D deconvolution algorithm by default.

« GC Image has excellent graphics and has powerful tools for general GC x GC analysis

* For 1D GC-MS, msFineAnalysis i1Q and Al use chromatographic deconvolution and integrate all available data




GCxGC-HRTOFMS of lemon oll. Let's look at the circled region.
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These furanocoumarins in lemon oil have an identical 1D retention index

C00002490 737-52-0 Oxypeucedanin C16H1405 286.08412356
C00037261 2880-49-1 Heraclenin C16H1405 286.08412356

http://www.knapsackfamily.com/knapsack_core/result.php?sname=organism&word=Citrus%20limon
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1D GC-MS does not see both compounds
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*  GCxGC-HRTOFMS library search gave
the correct ID as the first match. i

* 1D GC-HRTOFMS gave the correct it So
composition from the Fl data. Needed
to choose among DB hits.

« KNapSacK search supports the o
presence of this furanocoumarin

compound in lemon. Fanoe ™ rncone G o @ et
r | | | ‘

~
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What 1D GC-MS does NOT detect in the Sakae peppermint ol

-

Structures for some compounds in peppermint oil that coelute with 1D GC.
GC x GC separates these nicely.




R

Summary
‘ GCxGC 1D GC

* More complex hardware setup, but stable ¢ Shorter run times and simpler hardware
once setup and optimized configuration

» Longer run times — one late-eluting * Single quadrupole missed a few minor
compound detected in 1D GC for lavender compounds that were detected
peppermint oil was missed in GC x GC by the other methods
data. (Data omitted — time constraints) - However, the high dynamic range of the

Q17600 single quadrupole MS easily

* Most complete separation: a few revealed trace differences between orange

compounds detected that were not

detected by 1D GC. Clearly, this will be olls. (Data omitted — time constraints)
more evident for highly complex mixtures ¢ Chromatographic deconvolution on the
such as petrochemicals! HRTOF was surprisingly effective,
. especially when soft ionization and
* Fast blob detection by GC Image and fast accurate-m/z data is incorporated.
2D deconvolution by AnalyzerPro XD

» Chromatographic deconvolution and
» Fast database search by both programs integrated data analysis a bit slower than
GC x GC data processing




Conclusions

» Each method has its own benefits and disadvantages

* Running a 1D separation first can help to decide on optimal 2D separation
conditions

* The most complete analysis came from cross-examining data from multiple methods

» Context aids in data analysis! — use information from natural products databases like
KNapSacK and Lotus.

» Use all the available information that you have: El database search, soft ionization,
accurate-m/z for fragments and molecular species, retention index values

» Structure tools like NIST Hybrid Search and msFineAnalysis Al structure tab can help
with compounds that are not in databases.

* The >30-year-old peppermint oil showed little evidence of oxidation or degradation
when compared to the fresh oll.
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