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Introduction

Fragrances are highly complex mixtures that combine
natural and synthetic components. Analytical
separation of these samples on a single GC column
results in coelution of isomers and structurally similar
compounds which produce similar spectral
fragmentation patterns. This significantly complicates
identification and quantitative analysis of individual
components of the fragrances. Here we demonstrate
a power of a comprehensive GCxGC approach
combined with high resolution MS for identification
and quantitative analysis of 64 allergens in
fragrances. With added confidence in compound
identification provided by accurate mass, this
approach also streamlines a non-targeted analysis of
the fragrances to determine their composition.

Figure 1. Agilent 7250 GC/Q-TOF

Experimental

The samples were separated on an 8890 GC using a
comprehensive GCxGC configuration with a reverse
flow modulator (RFM). The non-polar/mid-polar
column set was used and comprised of a 20m x
0.7Tmm x 0.Tum DB-Tms column (100%
Dimethylpolysiloxane) coupled to a 5m x 0.25mm x
0.75um DB-17ms column (equivalent to (50%-phenyl)-
methylpolysiloxane). Optimized instrumental
parameters are shown in Table 1.

Table 1. Instrument and method parameters

Parameter | Value

MS Agilent 7250 GC/Q-TOF

GC Agilent 8890 GC

Inlet/Liner MM, Agilent 5190-2294: 990 pL (Split, straight, wool,
Ultra Inert)

Injection Mode Split; 10:1

Injection Volume 1.5 uL

Inlet Temperature 250 °C

Column 1D & Flow

Column 2D & Flow

Restrictor to Modulator Vent FID
Purged Splitter Restrictor to Q-

Agilent DB-1ms, 20 m x 0.1 mm x 0.1 pm; 0.2 mL/min
Agilent DB-17ms, 5 m x 0.25 mm x 0.15um; 10 mL/min
Deactivated fused silica; 0.4 m x 0.05 mm

Deactivated fused silica; 0.6 m x 0.12 mm; 1.3 mL/min

TOF & Flow

Pl Sl s e Deactivated fused silica; 1 m x 0.25 mm
Front FID

Modulation Delay 0.5 min

Modulation Period 6.3 sec

Injection Time 0.185 sec

Carrier Gas Helium

Oven Temperature Program 50 °C for 4 min; 4 °C/min to 266 °C
Transfer Line Temperature 305 °C

Source Temperature 300 °C

Quadrupole Temperature 150 °C

Collision Cell Gas Flows N2, 1 mL/min + He, 4 mL/min
Electron Energy 70 eV

Emission Current 5 uA

Spectral Acquisition Rate 50 Hz

Mass Range m/z 45 to 350

FID Temperature 300 °C

FID H2 Flow 30 mL/min

FID Air Flow 400 mL/min

FID Makeup Flow (N2) 15 mL/min (Front); 25 mL/min (Vent)

The data were acquired using the high-resolution
7250 GC/Q-TOF at data rate of 50 Hz. For compound
identification the Unknown Analysis tool of
MassHunter Quantitative Analysis software version
12.1 and the GC Image software version 2024 R3
were used. The linear retention indices (Rls) were
used to increase confidence in compound
identification. Statistical analysis was performed in
Mass Profiler Professional (MPP) software version
15.1.



Results and Discussion

GCxGC Configuration

A GCxGC RFM method was developed to achieve an
optimal chromatographic separation of all the allergens
while also ensuring adequate sensitivity and carrier gas
flow to the MS. GCxGC RFM setup included two
detectors: the Q-TOF MS and the FID. The configuration
provided an optimal flow to the MS of 1.3 mL/min (11.8%
of total flow) maintaining a constant split between FID
and MS throughout the entire oven temperature ramp.
The configuration is shown in Figure 2.

Quantitation of allergens was performed in GC Image
software. A GC Image template containing allergens
spectra and RT1/RT2 information was created and
applied to the fragrance images (Figure 4).

Calibration curves were built based on allergen standards
and performed in the range of 1T — 100 ppm, (Figure 5).
1,4-dibromobenzene and 4,4'-dibromobiphenyl were used
as internal standards.
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Figure 2. GCxGC setup using a purged splitter.

Allergens Separation and Quantitation

Current method allowed the separation of all allergen
standards (Figure 3).
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Figure 4. A) Separation of an unspiked fragrance
components. The vertical line marks the components co-
eluting in 1D. Their separation in the 2" dimension shown
on the right. B) Same image overlaid with the allergens
template.

Figure 3. Separation of allergen standards using GCxGC.

Calibration Curve
ID=14, Name=a-Isomethylionone (QION=135) : External Standard ID=28, Name=Linalyl acetate (QION=93) : External Standard
1sp = 1845752027 (amf) - 210202.7978 (RA2 = 0.9990) rsp = 65634.0788(amt) - 40502.6703 (RA2= 0.

mmmmmmmmmmmm

Figure 5. Examples of allergens calibration curves made
from neat standards in GC Image.



Results and Discussion

One of the fragrances was spiked with allergens at 10 Composition and Comparison of Fragrances of Different

ppm and 100 ppm concentration analyzed as described Aroma Types Using Untargeted Analysis

above. The results are summarized in Table 2. The results Compound identification was performed in the Unknowns
for unspiked fragrances are displayed in Table 3. Analysis using NIST 23 and accurate mass allergens in

G W R e m i T R R E T house libraries (Figure 6), and the results were exported to

Compound Name ion (min) _ (sec) Gl ppm ppm Compound Name ion (min) _(sec) G1 ppm ppm . . .
a-Pinene 121.1012 12.87 038  13.0 25.7 117.4  |B-Damascenone 1211012 2891 226 0.1 121 785 MPP for fu rther Statlstlcal analyS|S
Benzyl alcohol 108.0570 13.08 3.43 5.1 20.8 99.4 la-Damascone 192.1509 29.23 210 - 9.8 77.0
Benzaldehyde 105.0335 13.08 3.53 0.2 4.8 79.2 Trimethyl-benzenepropanol 106.0777 29.86 2.64 - 12.1 82.5 Comporants C] Ly,
B-Pinene 136.1247 14.44 071 419 57.8 155.7  [Coumarin 146.0362 29.96 091 * * * A o fomie G
a-Terpinene 136.1247 1580 065 3.5 16.4 113.1  [R-Damascone (E) 1921509 29.96 2.16 - 8.5 69.7
licylaldehyd. 122.0362 16.22 3.49 - 7.7 101.9  [B-Caryophyllene 133.1012 3059 117 * * *
Limonene 136.1247 16.54 0.75 * * * |1soeugenol (E) 164.0832 30.80 3.51 - 149 917
Terpinolene 136.1247 18.74 101 15 22,5 108.1  [Ebanol 1 149.1326 3091 115 48 154 816 5
Linalool 136.1247 19.16 1.03 * * * Ebanol 2 149.1326 31.01 131 - 150 781 g
Camphor 152.1196 20.42 2.58 3.5 13.4 85.1 a-Isomethylionone 150.1039 32.27 159 * * * e
Menthol 123.1168 21.78 1.41 - 12.3 94.4  [Eugenyl acetate 164.0832 32.90 397 03 119 824 N
Methyl salicylate ~ 120.0206 22.20 296 3.8 12.5 94.4 |Lilial 189.1274 3321 278 - 103 793 ]
a-Terpineol 136.1247 22.31 1.82 * * * 3-Propylidene phthalide 159.0441 34.26 4.74 - 8.8 72.4 [
Methyl 2-octynoate 123.0804 22.31  2.42 - 14.4 954  |Amyl salicylate 120.0206 34.79 2.32 - 89.1 :
Citronellol 138.1403 2346 125 16.6 24.5 102.7  [Isceugenyl acetate 164.0832 3573 420 - 122 850
Carvone 108.0934 23.88 284 56 17.8 932  |yral 1921509 36.46 3.47 0.1 112 763 —
Neral 137.0961 23.88 2.10 13.7 27.3 121.5 a-Amylcinnamaldehyde (E) 202.1352 36.67 296 - 11.2 80.0 :“:‘ R el ol 1[I
Cinnamaldehyde (E) 131.0492 24.51 4.80 - 7.6 81.3 a-Amylcinnamyl alcohol 133.0648 37.20 2.92 - 9.5 91.7 - - 0
Geraniol 123.1168 24.72 155 873 98.3 187.2  |IsoE 1 beta/IsoE 2 alpha 1911794 37.72 216 02 114 723 - n
Linalyl acetate 121.1012 24.82 1.03 * * * a-Santalol 1211012 37.93 208 2.0 100  89.1 i s o
Geranial 137.0961 24.93 216 152 22,6 83.4  |(EE)-Farnesol 1211012 3898 177 1.2 148  69.0 wisal i n :
Anise alcohol 109.0648 25.14 460 03 8.9 86.4  |B-Santalol 94.0777 3898 240 * * * mom| immn M K
Hydroxycitronellal  121.1012 25.35 2.38 - 6.7 65.9  |a-Hexylcinnamaldehyde 129.0699 39.61 2.84 13.1 219 817 L T H p
trans-Anethole 148.0883 25.45 2.90 - 115 91.6 Benzyl benzoate 212.0832 39.72 496 * * * ] [ a i 4
Cinnamyl alcohol ~ 134.0726 25.98 422 - 14.9 788  |a-Acetyl cedrene 246.1978 40.45 250 02 147 732 e - = i ExactMass tool confirming the library hit based on accurate
DMBCA 132.0934 26.71 2.30 0.5 9.8 79.4 Benzyl salicylate 91.0542 4244 4.60 - 10.5 89.8 o thin e : a9 mass information by annotating ions with fragment
Eugenol 165.0866 27.86 3.15  * * * Galaxolide 2581978 42.44 276 04 78 642 i M- formulas corresponding the molecular formula of the hit
(E.E)-5-Damascone  192.1509 28.70 196 - 132 843  |Hexadecanolactone 2542240 4433 246 15 101 734 ETONETTT o SCCN L et Cra )|
Vanillin 152.0468 28.81 5.67 * * * Benzyl cinnamate 192.0934 47.58 553 185 349 1215 i . i
Geranyl acetate 154.1352 28.91  1.59 * * * |sclareol 257.2264 51.04 3.19 - 13.6 972 F [ g u re 6 ) ACC u rate m a SS CO n ﬂ rm at | O n Of th e CO m po u n d

* - starting concentration is > 100 ppm

. _ . ID using accurate mass Allergens PCDL (A) and unit mass
Table 2. Allergens concentrations determined in a NIST23 library (B).

fragrance before and after spiking at 10 ppm and 100 244 identified compounds differed significantly in their
ppm levels. levels between floral and woody fragrances, as shown in

Compound Name Al A2 A3 A4 Bl Cl__C DI __El__Fl__ G2 G3 H1 11 1 F | g ure 7 .

a-Pinene - 376 11.8 1987 151 227 735 ** 551 382  ** o - 1944 69

Benzyl alcohol - 0.3 0.9 66.4 0.6 5.6 28 154 11 19.4 - 0.8 - 6.8 0.2 — Methyl-B-ionone Ereprpsonma O™ lL/\ﬁS ol

Benzaldehyde 11.8 - 21 153 5.1 - 585 230 17 13 201 1.4 - 6.9 114 g smens voosl by acetre \Ev6eT 2 - Qdoteadecan 2one
B-Pinene - ** 1027 1793 339 471 ** %% 549 932  ** ** * ** 592 a-Guslene "Jh' —— — Acetjlaced

a-Terpinene - 26 - - - - - - 1667 - - - 73.8 - Nopachotderiol — L B e e T ol Bundslors.
salicylaldehyde 1 - 11 - - 11 24 11 - 13 16 22 - - - (e Ocmens il W e || s e reomanste
Limonene 5.0 ** 1633 1424 ** 507 - - ** 1303 - - 22 ** 1814 61 5 P Metimiogtnel penzyi salcylate erprere :-'hﬁ. 20N EZ":":":L
T.erplnolene - - 1.9 262 519 - - - - 49.2 19.8 0.7 8.9 29.5 -dexy(i(r'or\-ellal . ! I::MW cis et isosugened (2 n.smﬂ.l,,.y: rhuiopsencs

Linalool 36.1 ** - - ** ** *x 52.9 124.0 ** - ** 0.0 *k 10.2 Sevrhell:::smo‘ ,'l. [ 5 sl l‘ Himachalol A '. @Y y-Vetivenene™ |~ Sabinene hydrate acetate
Camphor - 2.2 - - 0.6 - - 0.5 - - 28.1 19.1 - 0.1 - Eucalyptol ™ '; :. A et sl Dimethylbenzylcarbinyl .'r\:-:-ylwmm-‘f & Dihydrocitronellol

Menthol 13 925 - 1.0 76 08 25 28 - 1.8 508 - 25 100 5 7 a-Methylphenethyl alcéhol ‘-_ = = & rans Bergamorf

Methyl salicylate - - - - - - 19.3 - - - - - - - - 8 Sbiiais kil |

a-Terpineol ** 1289 19 2753 31 206 148 435 - - 90.1 337 155 436 6.4 . '-'_ v 3 Py ShRay % ' G-

Methyl 2-octynoate 2.7 - - 19 19 22 24 - 18 17 31 - 17 18 - 3 i a4 Eugenol A 4 Methorysalicylaldehyde T g Ty

Citronellol ** 5.8 - - *Eoxx - ** ** ** 1447 *x ** 641 - g aCostol 1 @ B_W‘:fff:‘ L PR one_ il Nerol acetate

Carvone 303 1769 08 37 52 10 33 256 08 30 62 9.3 12 60 1.2 g vanitin  m Valerenol —pg Y u L]

Neral 307 914 33 528 33 136 - 313 33 164 27 445 100 - 2.0 £ Perilytaicohol Sabinene — g8 Wans-Anethole W _ Isolongifolol

Cinnamaldehyde (E) - - - - - - - - - - - - 2.7 - - 3 5l L] ik m«—tonsCalamenene L

Geraniol 191 601 07 - 1323 ** 120 137 00 108 - ** 10 1180 749 g e | ot et

Linalyl acetate ** ** 3.0 ** ** 53.9 ** ** 55.9 ** 8.2 ** ** ** ** = B-Nootkatol | e Linalyl formate

Geranial 152 1208 42 - 27 74 498 275 52 124 28 457 77 79 Phenylethyl Alcohol_P-Finene =

Anise alcohol - - - - - 4.6 2.2 - - 8.3 - 5.5 2.7 - 1.5 24 -Pinér - " a-Cadinens

Hydroxycitronellal 84.8 5.8 5.6 2.8 - *x ** 1983 33 *x 11.6 2.8 - - *x trans:p """‘”'-‘:' B-Caryophyllene

trans-Anethole 4.5 2.8 1.4 1.2 1.2 - - - - - 27.8 6.6 1.1 - - " - - -

|Cinnamylalcohol - - - - - 1.3 - 1266 - - 15 2.2 ol Mt

DMBCA - - - - - 0.5 0.8 - - - - - - - 1 B .

Eugenol 38 339 124 37 908 695 227 214 40 - ** i 5.3 9.2 - Gnm%i@ gdh i “.?{;g"mf% =

|(€,E)-6-Damascone 02 01 01 01 04 01 03 - 01 01 E 0.1 01 148 04 B& & Dﬁgﬂﬁ

Vanillin - - - - A I - - - 373 * 587 " D%%Eﬂu el

Geranyl acetate ** 1419 150 ** 326 66.8 - - - 752 ¥ 1550 961 1185 o1 v v i . .

B-Damascenone 26 3.3 - 29 113 26 200 358 - 26 26 33 218 26 18.0 -20 -10 o 10 20

a-Damascone 442 30 31 30 114 30 - - 51 31 - - 30 30 182 Fold Change cutoff: 2

Trimethyl-benzenepropanol 17.4 0.0 3.0 - - - ** - - 0.5 - - 3.1 - - p—VaIue CUtOff: 005 log2(Fold change)

Coumarin 34.6 : - 578 - 466 35 - E - 3.4 1136 - seactoer [TV

B-Damascone (E) - - 2.8 - - 29 155 - 3.2 - 4.1 - - 3.5 -

B-Caryophyllene 05 35 402 117 24 32 163 - 15 114 489 - 1.8 21 1.6 H H e

Roergeno (0 vy 1 ! Figure 7. Volcano plot comparing the compositions of a
Ebanol 1 39 39 70 46 34 194 74 - 41 - 3.8 - 3.7 - 111.0

Ebanol 2 15 22 411 62 05 318 24 - 30 51 - s 20 - 1103 V\/oody and a floral scented fragrances. Known allergens
a-Isomethylionone 1214 1870 111 16 173.6 ** 17 169.4 ** ** 1215 ** 1.9 o . . .

Eugenyl acetate : - 100 - - 269 35 - - ) : - 19 . are h |gh||g hted N red

Lilial 180.1 3.4 - 3.1 - 1971 %+ ** - 3.0 31 1682  ** o

3-Propylidene phthalide - - - - - - -

Amyl salicylate - - - - - - - - - - - - - - -

Isoeugenyl acetate - - - - - - - - 9.0 - 1979 1424 - - - .

Lyral - 82 141 49 175 128 25 46 222 346 54 - 99 81 - C on Cl usions

a-Amylcinnamaldehyde (E) 2.5 - - - - - - - - - - - - -

a-Amylcinnamyl alcohol - 3.2 - - - 11.0 - - - - - - - - -

IsoE 1 beta/IsoE 2 alpha 3.1 5.4 4.4 ** 4.6 ** 786 308 513 3.2 20.0 40.6 165.0 1854 .

20 27 -Gz e1oms o s s e « Allergens in fragrance samples have been analyzed
(E,E)-Farnesol 100 58 165 129 46 132 93 - 774 40 76 750 72 253 51 X . ) R .
B-Santalol 61 78 - 48 62 292 110 - - o 199 o 911 178 h G C G C b d -th th h h_
a-Hexylcinnamaldehyde 156.2 ** ** ** ** ok - ** - - 3.2 ** 19.9 27.2 ** U S I n g CO m p re e n S |Ve X CO m I n e W I e I g

oy oo BI - L e e resolution GC/Q-TOF and RFM.

Benzyl salicylate *x 10.4 - - - 51.6 *x - - - - *x - 67.7 -
Galaxolide 2.6 29 - - *x 16.3 - *x - 25 144.1 13.4 2.6
Hexadecanolactone - 4.1 - -

we T LT « Fragrances with different types of aroma were analyzed
e — — using the GCxGC/HRMS combined with statistical
7 concentration s> 200per analysis to identify the major differentiating compounds

Table 3. Allergens concentrations in unspiked fragrances. that may contribute to the particular type of scent.
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