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Dynamic Headspace
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Static Headspace
Gin, Split 1:10

Limonen
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7000000 H
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Dynamic Headspace

Gin, split 1:10

6.:5e+07 Limonen
6e+07 |
5.5e+07 |
5e+07 |
4 .5e+07 |
4e+07 |

3.5e+07 |

3e+07 . p-Cumol

60 C
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5000000 1
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Compared Dynamic / Static

Gin, split 1:10

6e+07 ? O
5e+07 | 1 mL
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3000000

2500000 1

2000000 1

1500000 1

1000000 1

500000 1
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Compared Dynamic / Static

Gin, split 1:10
t10 mL
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Gerstel Parameters - Instrument 2 ﬂﬂ
EVETEM Caloulate Injgction 5peed I: dit Solvents I@
CIS
M Salvent Current Method Setting

CIS Iritial Temp. |-1 i I
RS LI Injection Speed |5|1UE| pLiz

~Injection Farameters

{* Stop Flow " Column Headpressure |1[]L||:| |I=F'a LI

Total Flow [ J 100 ralArnity

CIS Temp. | J IEEI C

Help |
Factor |1.00 Injgction Speed 0.26 plés | 15.58 pL/min i |
o |
- Update Liquid Method |
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Gerstel Parameters - Instrument 2

CI5 Initial Temp. |-'I 0o 25
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Liquid SWRTEL LI Injection Speed |5|1UE| pLis
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-~ \ _'g: £+ Stap Flow ™ Column Headpressure |1[]L||:|
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T
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Static Headspace
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Abundance Wh IS key
teso7 Ethylacetat
ey 3-Me-1-Butanol| 2-Me-1-Butanol
1e+07 | ? 1 mL
9000000 |
Isobutanol Isobutyraldehyd diethylacetal
8000000 | ?
7000000 -
200000 Isoamylacetat =060 C
) ~
5000000
4000000 |
3000000 |
2000000 |
1-Propanol
1000000 J\/\\
0 7 i 1 7 JUM 7 U T T T T LA\ i ‘ML JLT"“AW’T‘»—«_A—“‘—«.‘-«'
Time—-> 10.00 15.00 20.00 25.00 30.00 35.00
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ANALYTIC

propanol

ethyl acetate

isobutanol

3-me butanal

2-me butanal

1-butanol

1,1 diethoxy methane
propionic acid ethyl ester
n-propyl acetate
3-me-1-butanol
2-me-1-butanol

isobutyric acid ethyl ester
isobutyl acetate

butyric acid ethyl ester

butyric acid 2&3 methyl-ethyl ester
isobutyraldehyde diethyl acetal
isoamyl acetate

2-me-1-butyl acetate
butyraldehyde diethyl acetal
acetaldehyde ethyl amyl acetal
hexanoic acid ethyl ester

hexyl acetate

heptanoic acid ethyl ester
nonanal

B phenyl ethyl alcohol
octanoic acid

octanoic acid ethyl ester
decanal

B phenyl ethyl acetate
nonanoic acid ethyl ester
decanoic acid

ethyl trans-4 decenoate
decanoic acid ethyl ester
octanoic acid 3-me- butyl ester
1,ethyl propyl octanoate

capric acid isobutyl ester
dodecanoic acid

decanoic acid ethyl ester
pentadecanoic acid 3-me-butyl ester
pentadecanoic acid 2-me-butyl ester
tetradecanoic acid ethyl ester
ethyl-9-hexadecenoate
hexadecanoic acid ethyl ester
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Dynaic eadspace

Whiske
Abundance y Isoamylacetat
1.1e+07 |
1e+07 |
9000000 1
f Isobutyraldehyd diethylacetal
8000000 | 100 mL
7000000 .
6000000 | 5
5000000 Q-
=60 C Decansiure
4000000 | ~ -
Dodecansaure
3000000 |
2000000 | 3-Me-1-Butanol 2-Me-1-Butanal R
Octansaure
1000000 1 \U MM MM.JL.__M
| | UREALY
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propanol

ethyl acetate

isobutanol

3-me butanal

2-me butanal

1-butanol

1,1 diethoxy methane
propionic acid ethyl ester
n-propyl acetate
3-me-1-butanol
2-me-1-butanol

isobutyric acid ethyl ester
isobutyl acetate

butyric acid ethyl ester

butyric acid 2&3 methyl-ethyl ester
isobutyraldehyde diethyl acetal
isoamyl acetate

2-me-1-butyl acetate
butyraldehyde diethyl acetal
acetaldehyde ethyl amyl acetal
hexanoic acid ethyl ester

hexyl acetate

heptanoic acid ethyl ester
nonanal

B phenyl ethyl alcohol
octanoic acid

octanoic acid ethyl ester
decanal

B phenyl ethyl acetate
nonanoic acid ethyl ester
decanoic acid

ethyl trans-4 decenoate
decanoic acid ethyl ester
octanoic acid 3-me- butyl ester
1,ethyl propyl octanoate

capric acid isobutyl ester
dodecanoic acid

decanoic acid ethyl ester
pentadecanoic acid 3-me-butyl ester
pentadecanoic acid 2-me-butyl ester
tetradecanoic acid ethyl ester
ethyl-9-hexadecenoate
hexadecanoic acid ethyl ester

1100 mL

60 C
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propanol

ethyl acetate

isobutanol

3-me butanal

2-me butanal

1-butanol

1,1 diethoxy methane
propionic acid ethyl ester
n-propyl acetate
3-me-1-butanol
2-me-1-butanol

isobutyric acid ethyl ester
isobutyl acetate

butyric acid ethyl ester

butyric acid 2&3 methyl-ethyl ester
isobutyraldehyde diethyl acetal
isoamyl acetate

2-me-1-butyl acetate
butyraldehyde diethyl acetal
acetaldehyde ethyl amyl acetal
hexanoic acid ethyl ester

hexyl acetate

heptanoic acid ethyl ester
nonanal

B phenyl ethyl alcohol
octanoic acid

octanoic acid ethyl ester
decanal

B phenyl ethyl acetate
nonanoic acid ethyl ester
decanoic acid

ethyl trans-4 decenoate
decanoic acid ethyl ester
octanoic acid 3-me- butyl ester
1,ethyl propyl octanoate

capric acid isobutyl ester
dodecanoic acid

decanoic acid ethyl ester
pentadecanoic acid 3-me-butyl ester
pentadecanoic acid 2-me-butyl ester
tetradecanoic acid ethyl ester
ethyl-9-hexadecenoate
hexadecanoic acid ethyl ester
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“Matrix independent headspace gas chromatographic analysis. The full evaporation technique”
M. Markelov, J. P. Guzowski, Analytica Chimica Acta, 276 (1993) 235.
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Dynamic Headspace

Method 1: Very Volatile Analytes
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Dynamic Headspace

Method 2: Volatile or Semi Volatile Analytes
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Dynamic Headspace

Method 3: Volatile, non volatile and hydrophillic analytes
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Multivitamin Juice

Method 1: Very Volatile Analytes

126407 ] Limonen
1.1e+07 -
1e+07 1
Wasser
9000000 - ?
8000000 -
7000000 - 5
6000000 + &
Ethanol B
5000000 - ~T
N
4000000 -
3000000 +
2000000 -
1000000 -
N j\ A LA AA I

A
L T L T L A A A A B A L L B B 1

4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00
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Multivitamin Juice
Method 1: Very Volatile Analytes

1400000 Limonen

1300000

1200000 -

1100000 - f

1000000

900000

—
1

800000 | Propanol

700000

Hexanol & 5

- Furfural -
500000 ] 1-Butanol -

500000 -

Ethylacetat a-Terpineol
400000 -

300000 2-Methylbutanol

200000

100000 -

T T ' T T ' T T T T ' T T T ' T T T T ‘ T T T T ' T T T T ‘ T T T T ' T T T T ' T T T T ' T T T T ' T T T T ' T T T T ' T T T T ‘

4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00



3200000
3000000 |
2800000 -
2600000 -
2400000 -
2200000 -
2000000;
1800000 -
1600000 -
1400000
1200000
1000000
800000
600000
400000 -

200000 4

1-Propanol

1-Butanol

Furfural

-Methylbutanol
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Multivitamin Juice
Method 2: Volatile or Semi Volatile Analytes

Limonen

Hexanol

L
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Methyl 3-(methylthio)-propanoat

Ethyl 3-(methylthio)-propanoat

a-Terpineol

WML MJA A MAM y,_yv’—*’\/w
1 L e A R A O B B T T T

T T T T T T ‘ T T ' T T ' T
8.00 10.00 12.00 14.00

T ' T
18.00 20.00

~ 140 Signals
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3500000 |

3000000 |

2500000 |

2000000 |

1500000 |

1000000 |

500000
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Multivitamin Juice

Method 3: Volatile, non volatile and hydrophillic analytes

J
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Limonen
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~ 200 Signals

L

LI

l
4.00

T T

l
6.00

T T T

|
8.00

T T ‘ T

10.00

T

T ' T

12.00

T

I ' T 11 ' I

14.00

16.00

[ ' T 17T ‘

18.00

20.00

1T T 7 ‘

22.00

T T '

24.00

T T '

26.00

T 11

T T

28.00



4000000 1

3000000

2000000 1

1000000 1
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ANALYTIC

Multivitamin Juice

ethod Comparisom
Limonen

Method 1

A A

4000000 1

3000000

2000000 1

1000000 1

.00

.00 24.00

' T
.00

7 I

14.00 20 22 26 28.00

10.00

12.00 16.00 18.00

Method 2

4000000 1

3000000

2000000 1

1000000 1

LA B LA A — T 1 r T T T ] rt r r Tt [ T T r T ] T 11

10.00 12.00 14.00

T T

.00

T 7

18.00

T T

.00

T T

.00

==
.00

—
.00

T T

16 20 22 24 26 28.00

Acetic Acid Method 3

LA B T T L —r 1 1 | r T 1 1 ] Tt 1 T T [ T T T T [ T T T T [ T T 1

10.00 12.00 14.00 16.00 18.00

T T T

.00

T T

.00

T

.00

' T
.00

7 U

20 22 24 26 28.00
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Coffee

Method 1: Very Volatile Analytes

1.3e+07 |
1.2e+07 |
1.1e+07 |
1e+07 ?
9000000 ]
8000000
7000000 & 5
6000000 | .

b <7
5000000 S~
4000000 ]

3000000
2000000 1
1000000 ]
] L\ﬁ.»/; N Mﬂ‘ sl Jh ﬁ [T . A A B

4.00 6.00 8.00 10,00 1200  14.00 16.00  18.00  20.00  22.00 2400 2600 2800  30.00
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Coffee

Method 1: Very Volatile Analytes
136407 Ethylbutyrat

1.2e+07 ]
1.1e+07 ]

1e+07 ?
9000000 ]
8000000 ]

7000000 Anisaldehyd  Vanillin (?) &5

6000000 ]

5000000 1 S~

4000000 Isoamylisovalerat

3000000

2000000 1

1000000
[N N M LMJ{A‘AAMAMLAMAMAALJMAJMJ{ ﬂ h TR

4.00 6.00 8.00 10.00 1200  14.00 16.00  18.00  20.00  22.00 2400 2600 2800  30.00
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Coffee

Method 2: Volatile or Semi Volatile Analytes

1.5e+07 1
1.4e+07
1.3e+07 1
1.2e+07
1.1e+07 1 ?

1e+07 1
9000000

8000000 & 5

7000000

6000000 - c
Furfural S~

5000000 1
Furfurylalkohol
4000000 -

3000000 - 5-Methylfurfural

2000000 1

1000000 1

Orr'rrr\‘\ !\'!!!!'\!!Y{Ylll'll!!'\\\!‘!!!!'A!%\‘\\!W
4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00
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Coffee

Method 2: Volatile or Semi Volatile Analytes

1:8e+07 Ethylbutyrat

1.4e+07 -

1.3e+07 -

1.2e+07 -

1.1e+07 1 Isoamylisovalerat 1‘

1e+07 1
9000000 - Anisaldehyd
8000000 -

Vanillin &5
7000000 - -
6000000 - Acetoin L
Furfural ’ ~
5000000 | _ Di
Furfurylalkohol Guaiacol iperpnal
4000000
3000000 - N 5-Methylfurfural
2000000 _
Diacetyl
1000000
I S o AUV i A HAAARHK L‘Mykg,&_;” e

0 T T ' T T T T ‘ T T T T ' T ' T T N T T ' T T ' T T ‘ T T ' T T ‘ T ' T T ' T T ' T T ' T
4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00



2e+07 1
1.9e+07 7
1.8e+07 ]
1.7e+07 7
1.6e+07 7
1.5e+07 ]
1.4e+07 ]
1.3e+07 ]
1.2e+07 ]
1.1e+07 ]

1e+07 ]

9000000 1
8000000 1
7000000 1
6000000 1
5000000 ]
4000000 1
3000000 1
2000000 ]
1000000 1

0+—
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Coffee

Method 3: Volatile, non volatile and hydrophillic analytes

& Y GERSTEL

Furfurylalkohol

@

5-Methylfurfural Koffein

Furfural
Guaigcol

L L L L S L A A A
4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00



2e+07 1
1.9e+07 7
1.8e+07 ]
1.7e+07 7
1.6e+07 7
1.5e+07 ]
1.4e+07 ]
1.3e+07 ]
1.2e+07 ]
1.1e+07 ]

1e+07 ]

9000000 1
8000000 1
7000000 1
6000000 1
5000000 ]
4000000 1
3000000 1
2000000 ]
1000000 1

(A P - oy ) AN ALY

Coffee

Method 3: Volatile, non volatile and hydrophilli

Ethylbutyrat

Acetoin

Furfurs

T N T

Lol Gl |

Isoamylisovalerat

Furfurylalkohol

Corylon

5-Methylfurfu

S0l LT ] O bl S

c analytes

Vanillin Ethylvanillin

Ethylmaltol

An

Guaiacol

saldehyd

Piperonal

i

Koffein

[

i

0 —

T T T L T
4.00 6.00 8.00 10.00 12.

e
00 14.00

SRRV
16.00 18.00

B
20.00

R
22.00

e
24.00

SRS T
26.00 28.00

T
30.00
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Coffee

Method 3: Volatile, non volatile and hydrophillic analytes

2e+07 1

1.9e+07 Vanille| Vanille,

1.8e+07 - fruchtig
Malz
1.7e+07 | Mande

1.6e+07 Mmz’@anille

1.5e+07 Apfel Apfel ?

1.4e+07 ]

1.3e+07 -
1.2e+07 - gebrannt
1.1e+07 -

1e+07 | rauchig c
9000000

8000000 Butter, Sahne € »
7000000

Ahorn
Mandel, l,
Karamel

6000000 ]
5000000 ]
4000000 1

3000000 1 Mandel

2000000 ]
1000000 1
JL | ) o) o

O 71 " o1 " ° T T T T T T T T T T T T T T T T T L
4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00
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Coffee - French Vanilla

Method Comparisom

2e+07

1.5e+07 ]

Method 1

1e+07 ]

5000000

0/1,,\ H%%I\—JL,, P i i "‘A’\J“\ Jl,",h

1 T T T T T 7 T 7 L L e I e
4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00

2e+07 7

1.5e+07 7

1e+07 ]

5000000 7

Om,,,‘ JM LSV PNV ,AA,A,A,A»,MMLAA»,A, , ﬂ A

T T T T T T ‘ T T T T T T T T T T
4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00

2e+07 1

1.5e+07 | Method 3

1e+07

5000000 JLM A
Om”MJ\‘A""”M’N"” Vil UL Lol Mo LIV AU, ”AJLJL’!\

T T T T T T T T T i =T T
4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00
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Summary

» Very Volatile Compounds:
- Method 1: ,Static Headspace”

» Volatile and Semi-Volatile Compounds
- Method 2: Classical DynamicHeadspace

» Volatile, Non-Volatile and Hydrophillic Compounds
- Method 3: FEDHS



