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(Gas Chromatography)
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@ http://sci.rmutp.ac.th/woravith




#UWUNSLSEUSULAzNISUSLUUWANISISOUS

Tasualnasaw
wuuunga (GC)

UDNEIUUS:NDUUDVLASDY GC

oSulgUs:GansnwudvADauULa:zcd
asdYdQ

AUdaUNISNIUSUIaUdLASI-KuaznIsuua @
Wa

Jpuamistasuninasawuuuuna



Iasunlnsastwuuuung : GC

Mobile phase : Gas
Stationary phase : Solid (GSC), Liquid (GLC)

lV\/EIE)EJﬂUﬂ naawsnmaauwaﬁsaussoaamatuﬂaauu
LWamaaun AD unamww (GouUtdLdu He)
Luaawswaumammmsao fU USLOTURDAQ Folduusiooaunti
FD']USE)UUE)fUHﬂUEI\)WE)nD mZHawswaULUaauamu 01N
UE)\)lHEDlUUllﬂa La=doULNdUDVaISWaUD: maaummaﬂaauu
lagNFAYLAaaIWI La: umstmawusauuaonaauuo:}a
CQAJUAUDEURAII mZHLﬂcms uaumsu&muu AUUAISWAUN
QALYNAYIUADAIUD: maauntmajmmsaam



Jouus=nouUUDVLASDY GC

Carrier gas flow

controller

Cylinder

ST2092312 AMISILAS1RAIULAZDVDD

Sample injection Electrical signal
LL;T' Detector WMs
Bl *
-
l
Column oven v

Data
processing unit

nAlABRuATW nEoudnaToANSEEADSE
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Liguid sample

O
o ©

GC
Sample injection unit Column
Heat and vaporize
each component Separate components
© C
e 'S

O o @ ~ O

) © |

Carrier gas

Detector

Convert the amount of
each component into
an electrical signal

) |
»

!

To the data processing unit

What does it contain
and in what amount?

https://www.ssi.shimadzu.com/service-support/faq/gas-chromatography/what-is-gas-chromatography/index.html

ST2092312 AMISILAS1RAIULAZDVDD
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HEALTH, COSMETIC & ANTI-AGING

(Gas Chromatograph Working Principle

Process Line Sample System Chromatograph Oven GC Controller

InstrumentationTools.com Carrier Gas Reference Vent
DetectorVent ~ GCController

| www:Instrumentationl ools’com
ST2092312 NISILASI:RAJYLASDVUD 6



Us:=nouuov GC

daJu

N

Jdouus:znouuodv GC

Carrier gases

Injector port

Column

Detector

Data system

ufiawn DrUhAtuAadag109INvada (injection port) Wiu
lWdnoauuua:lugy detector

WuduRtStunisaaaisaogy
LlUAoauu (inlet)

Detector

Inlet

Wuduntdusnaisaogy

—— Control Panel

Column (Touchscreen)

WuaUnsaintdahrsuasIvIaans
Ll3olGedNgnLgnNDDNUIDINADAUU

W0udiunUs:udanaua:doya
CNY A AJYS:UUADUWILODS

Power Switch

ST2092312 AMSILAS1RAIULAZDVDD 7



Column T e s
?2»‘3 S Stationary phase
Szi'rrlrj.:::‘:ion <% Mobile phase Carrier gas

T o |

Transported P, ?\5‘”

while repeatedly 0O o0 %F

being partitioned TS ,\;;ﬁ-.

1 l ' 'r’;"‘r' l rgf‘f:;’
A A A
Finally eluted e
from the column EXes

Peak

Analysis results are obtained as a chromatogram
ST2092312 AS3LASI:RAIULAZDVD 8



lAsullnunsuy
A
i |
& - peak width
S /" at half height | S Datapoints = | | L‘ ‘|
8 N peak heightt t
Y - spectrum
- A peak area
|
- .\ baseline U X
peak width | R
ty th Retention time

ST2092312 ASILASI=RAYLASDVID
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column: Nukol, 15 m x 0.32 mm [.D\, 0.25 pm (24130)
ovan: B0 *C (1 min.), 15 *C/min. to 200 *C (3 min.)
inj.; 250 °C
dat.: FID, 250 °C
carmier gas: halium, 2 mL/min. constant
injection: 1 plL, 100:1 split
liner: 4 mm LD, split, cup design
sample: 5 analytes, at concentrations
indicated in 1 M H,PO,
1

Acotic acid, 8%
Propionic acid, 0.7%
Butyric acid, 0.7%
Sorbic acd, 0.7%
Banzoic acd, 0.7%

[ I =S T I L T

o

ST2092312 AMISILAS1RAIULAZDVDD

0

30

]

40

i1

13

N

ARG PdoudpTOuREMSDADSY
HEALTH, COSMETIC & ANTI-AGING TECHNOLOGY

L. ethanol 10. proylene
2. isopentane LL rpropylbensenc
1. rrpentane 12 ndecane
4, 2-methyipentane 13. butyibenzene
5. mhexane 14. rrdodecans
6. 2 &-dimethylpentane 15 frtrdecane
7. reheplane 16 rletradecane
3. tnlpene L7, npentadecanc
9. moctang 18 nhexadecans
13 )
L
&0 10 20 Min,
10



Column : SLB®-IL60i 30 m x 0.25 mm x 0.2 um (29832-U)
Inlet : 250 °C
Solvent Oven .70 °C ® 10 °C/min. to 135 °C (2 min.); 3 °C/min. to
1 170 °C (1 min.); 10 °C/min.to 270 °C (3 min.)
3.4 Flow : 31457 cm/s Helium
2 Detector : FID: 310 °C
Split  : 1001
Sample :1pL (100 pL Mix Al cat. no. 89131 in 1 mL of MTBE)
5
6 1. a-Pinene
79 2. B-Pinene
3. Limonene
8 4. o-Terpinene
16 5. Linalool
10 6. -Caryophyllene
1112 17 25 7. Menthol
14,15 18 19 24 8. y-Terpineol
1 2 22223 9. a-Terpineol
”' ] 10. Citronellol
AL iL\_u Wl LAl L — " 11.Geraniol
' Ll L) Ll Ll Ll Ll [ = Ll Ll l ~ ] b L) Ll Ll L L) Ll Ll l Ll L) Ll Ll Ll Ll L) L Ll l L L) L)
0 10 20 30

Time (min)

Fragrance allergen samples

ST2092312 AMISILAS1RAIULAZDVDD
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nAlABRuATW nEoudnaToANSEEADSE
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14. Ebanol 2

15. Anise alcohol

16. trans-Anethole

17. Trimethylbenzenepropanol
18. Eugenol

19. Santalol isomer

20. Cinnamyl alcohol

21. trans,trans-Farnesol

22. Santalol isomer

23. Isoeugenol (E+2)

24. a-Amylcinnamyl alcohol

1



Compounds Suitable for GC Analysis

Components that can be analyzed with GC have the following
three main features.

* Compounds with a boiling point up to 400°C
* Compounds that are not decomposed at their vaporization
temperature

* Compounds that decompose at their vaporization
temperature, but always by the same amount. This is

called pyrolysis GC.

ST2092312 ASILASI1=KAIYLAZDVD 12



Compounds unsuitable analyzed with GC

Cannot be analyzed

= Compounds that do not vaporize (inorganic metals, ions, and salts)

= Highly reactive compounds and chemically unstable compounds
(hydrofluoric acid and other strong acids, ozone, NOx and other highly
reactive compounds)

Difficult to analyze

* Highly adsorptive compounds (compounds containing a carboxyl
group, hydroxyl group, amino group, or sulfur)

* Compounds for which standard samples are difficult to obtain
(Qualitative and quantitative analyses are difficult)

ST2092312 AMISILAS1RAIULAZDVDD 13



Us:=nouuov GC

daou

Carrier gas Bl
= Jundacdog1voingaaa (injection
port) WiulddAoauuua:ldev 10—
detector - " o _
= nantdnuLlASov GC Wuunaoyny SNl R 2 P
MUgAsSeAUlulanavpvaIspeny o+ He ~ H, .
13U He, H,, N, EX T

= Wiuwudanaaov 031 NS —
= UI0ASTUDIDIGBUAG H, HSDUNdDUUIv 02
- < L v — + 0.1 —
adxnauisatsiduunadownla o 0
= und H, Wlawadnga ucluApedyuls 0 10 20 30 40 50 60 70 8 90 100
- - o - Average linear velocity (cm/s)
LWSIz:tnGpuas1glavig tuovoIntdu

LAaADIW ua:s:=Laala

https://www.elementlabsolutions.com/ie/chromatography-

- L L blog/post/gas-chromatography-hydrogen-carrier-gas
ST12092312 MISJLASI:KAQDYLASDVUD 14



Us:=nouuov GC

dadou

Carrier gas

He . wuunaniumuiassnnucingn . 1afgs

KRSoupvlKasdtuApauu « IBUN:ERSUASILASIERA
- JADWUNADIWSDU (thermal AooNISAILLLUEEY
conductivity) go dvgdgtums . IR drurunrURGaDULA-ALTU

asd>dvdulag TCD

~ G e o r ASEUEAU TCD
- UADIUKUILUUC MRUMIsiHan

auilauo
H, . misuwsns:oeAsdals) (high « Y2ETEMISILASIZRITADIY
diffusivity) dowatiauisaaa S2QLSOUa:us:ansnway
S:g:1Da1MSILAS1KIA « AWISALWUADWALBEAIUNIS
. IRNISLENCDEIVNG LTDvdIN Lencogvldldnligunu
A WAUMUMEIUADAUUACH uAauvsda
N, .uudanturugaseiua:ondiu .« OsiAgauazkiaong tHu:
Llafesau dHSUNISILAS1:KATLADYANS

. JADWHUILUUgonwAadowisda  AWDIouN
oU dowatkionisiHandiwa=Adu . Langstunstiniuciouns
aungtuapauUncivooniU LAQUAHASELALTAUCIDENY

inrluTABFuAW 1 doudnaTouazMsDa0dY
HEALTH, COSMETIC & ANTI-AGING TECHNOLOGY

« SIAULWY
. AoviumsdataulazdanIsntkuI=au
LWDSAWIADILUSANS

. Unawm?iaotucﬁumquaaoﬁaqo
wstduufAanicaniss:L0a

- D10NISMUNASEIAUIDEIVUIVBTQ
tuNseEdNlUADVNISIRLAOMS
WaguulavniolAd

. Uszansniwnisuen (R) dindio
L[AgUAU He H3D H, LUpvo1nAL
AhumumetuApdulingon3a

. NNS3LAS1=HDIG1IAUUNIILLD VDN
ADIUBIUNNSTRaUDVUAE



Us:=nouuov GC

daJu

N

! These
o ‘ | chromatograms e : Fydnagen
. 5
| ’l | | [ illustrate the : I T
| differences : I
7
among hydrogen, e e
He — | T 4 4
‘ . A " ' helium, and I
|_|| | ‘ nitrogen as !
I L . 11s I 1],
. carrier gases in
l t“fnﬁ“r%‘ur'ﬂ \ ‘ J_ . \ ' h
= LT dlL L
N; ‘ H uu\,LL | . .;..wLL,
‘ | ~| ”. J programmed , | , P , , ,
) i capillary GC 0 5 10 5 0 5 10 15
I T I I T I T T Time (min) Time (min)

0 2 4 6 3 10 12 14 16

Time (mins) A 30 mx0.25 mmx0.5 pm column, the
optimum carrier gas flow rate (helium)
was 0.6 mL/min, the injection volume was
O.1 pL (splitless injection).

ST2092312 AMSILAS1RAIULAZDVDD 16



Us:=nouuov GC

daou

Carrier gas : Flowrate

Helium

2.5 mL/min & mL/min

1. OwacomSInuguing (ty) Udv e i i ') (s S 8T
DVAUS:NDUUDVATISCDDEIVAKNIUTU
ADALU 719051711SIHALSID=NITH m
DVAUS:NDUUDVAISDDADINADAUU f\
(G150 Ua:=anuau:zWno:n310 ¢ M\

2. WaciouuQuavudadtuItuunvuid f k \ k
AS2930 ADMNIKABI-MIKADIUGY
UDOWANLWUTU

2.5 mL'min & mL/min
(Approx. 20 cmis linear velocity at 50°C) (Approx. 47 crés linear velocity at §0°C)
i

ST2092312 ASILASI=-RAIYLASDVID : 17
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daJu

Us:=nouuov GC

Injection port

= LUua:)untﬁtumsaoawsmaenmmnaauu (inlet)

" JND: umthmwusaumomoaaoaa \WWortRans
mamonawwuta

= Huwnuwawsmammmanaauuuaﬂ

= maon:)ununoUSLnfu La:=AULSIUNISAQIR
LHUN:=au

Total carrier gas flowrate E Septum purge line
(Elimination of the components
53 mL/min — — originating from the septum)

r l Purge flowrate 3 mL/min
. Split line 49 mL/min
S (Flowrate controlled by a solenoid valve)

50 mL/min

Most of the sample is eliminated.
Glass insert Only a portion is injected into the column.

|il

s
l -
N

0.25 mml.D.x30 m df=0.25 pm Column flowrate 1 mL/min

ST2092312 AMSILAS1RAIULAZDVDD

N

nAlABRuATW nEoudnaToANSEEADSE
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The split / splitless injector

%Rubber septum

Zarrier gas

inlet

Heated metal b

Glass liner

prd By

]

lock —

%

£

— Septum purge outlet

—— Zplit outlet

DL
N

Yapourisation chamber

Colurmn

18



Us:=nouuov GC

daou

Injection port : Split and Splitless
= Split Injection

The sample is split into two portions.

The larger portion is discarded.
The flow rate of carrier gas is very high.

= Splitless Injection

o The whole sample is injected into the
column.
o The flow rate of carrier gas is usually low.

ST2092312 ASILASI=-RAIYLASDVID

The smaller portion in injected into the column.

Syringe with
sample

Septum

Carrier
Septurm
Gas —— —— —— Purge Vent
| e split Vent
[ | Heated
LT Glass Liner
Split Infection Port
Syringe with
sample
Septum
Carrier Septum
Gas —— —— —— Purge Vent
—m
Split Vent
| . Closed
1 | . Heated
Ll Glass Liner

Capilllary Column

(salvent focusing) @

Splitless Injection Port

19

N
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dadou

Us:=nouuov GC

Injection port : Split and Splitless

O

N

nAlABRuATW nEoudnaToANSEEADSE
HEALTH, COSMETIC & ANTI-AGING TECHNOLOGY

. . . (DSample Injectlon (@Sample Vaporizing (3Transfer to Column
Split Injection
The analyte concentration is sufficiently
high enough to allow only partial sample

transfer to the column Ca”ierGas—v
The higher flow rates in the inlet lead to

sharp, narrow peaks and minimize adverse Liner
interactions.

Suits samples with high concentrations,
high matrix loads, - - -
https://www.glsciences.com/technique/technique_data/gc/basics_of gc/p3_2.html

Splitless Injection

Sample Injectlon Sample Vaporizing Transfer to Column Liner of Purge

Ideal for trace analysis of samples with
very low analyte concentrations.

All of the flow is directed into the columng,, ... cocs -

The slower flow rate into the column can

lead to adsorption and breakdown of .

active analytes, as well as increased band

broadening, especially for more volatile

compounds, resulting in wider peaks. - - - -

ST2092312 ASILASI=-RAIYLASDVID 20
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dadou

Injection port

split injection

splitless
injection

on-column
injection

headspace
injection

wUvaisuivaruny
LUADAUUNVKUQ

Saaisnokualdng
ADAauU

aaaislagasotniliu
ADAUU

(Blaw:zlbudvaisiu
nvu=ua

aq overload tunADauu
LHUI=dhHSUasRdAdU
LJUYUGV
LHUN=dhHSUasAgAL
WUduch dovnsAIUD
Jo

aamsgeytdgans W
lNaUNNSEtuHvaQ
aqNISSUNJIUDINUDVLTY/
UDVlHAD LHUIAUAaNs
S:lHY

nAlABRuATW nEoudnaToANSEEADSE
HEALTH, COSMETIC & ANTI-AGING TECHNOLOGY

UIKUI=AUaISAT
Jsulaulog

(3Lardauiund uas
CDVADUAUDTURAD
DEVULILUEN

IIRUI:AUDEIVND
ovAUs:=NoUluLanes

GoulBLASDVTDIWULAU
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Injection port : Split and Splitless

Us:=nouuov GC

daJu

Split Injection (1:15) Splitless Injection
A: Split injection B: Split vent closed g ]2
ol o o O
@uU = c (8]
Sol Sol $50% § & & . 3
olvent ' olven! nuéé 'E o o g @
- . - [F] o T
' =2 3 CgQ O 2
© | c [= 85 o E o
w 7] O |y = o
& l o Tod c
Q & cog 8
@ | 20 ¢
@ 3 | cQ ¢
— | | c
9 2 | |'
&3
o8 \ 3
g ‘ \z 32
“v'\\ Il I
-{-—‘-L —r—1 fuueged | 3 | ¢+ ) T ! —
0 2 4 0 2 4 6 a ' ' ' '
w = (7} =

Time (min)

ST2092312 AMSILAS1RAIULAZDVDD
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Injection port : Volume

0.010 A A

0.008 3

n
(@)
()]

0.006 -
=2
<€0.004 -

0.002 -

0:000 ‘“’_‘“‘"‘J\W.A

Chromatograms comparing the
separation obtained using a 2 uL
injection (A), and a 4 uL injection (B)
of a sample prepared in 50/50 v/v
acetonitrile/water vs a 4 uL injection
of a sample prepared in 10/90 v/v
acetonitrile/water (C).

0.010 ~

0.008 - B

0.006 -
2
<€0.004 -

0.002
0.000  prwimiisasn Wf\“ /\

ome C R'

0.006 -
|
<C0.004 A

0.002

0.000 -

= Eg

e —
0.75 1.00 1.25 2.00 2.25
Mmutes

ST2092312 AMSILAS1RAIULAZDVDD 23



Us:=nouuov GC

daJu

Column

Wuduntdugnaisipglo Dog 2 Us:tan
* Packed column

= Capillary column

ST2092312 AMSILAS1RAIULAZDVDD

N

nAlABRuATW nEoudnaToANSEEADSE
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Us:=nouuov GC

daou

Stationary phase : GSC and GLC

Gas - Solid Chromatography

seo Jaliie)

\4

Surface of
a Packing Material

« Synthetic Zeolite

* Silica Gel

« Active Carbon

« Activated Alumina

Retentivity : Strong

seo Jalie)

A\ 4

N

nAlABRuATW nEoudnaToANSEEADSE
HEALTH, COSMETIC & ANTI-AGING TECHNOLOGY

Gas - Liquid Chromatography

Support
® * Dimethylpolysiloxane
* Polyethyleneglycol
« Diethyleneglycol succinate
Retentivity : Weak
Liquid phase

https://www.glsciences.com/technique/technique data/gc/basics of gc/pl 3.html

ST2092312 ASILASI=-RAIYLASDVID
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Us:=nouuov GC

daou

Column : Packed column

nAlABRuATW nEoudnaToANSEEADSE
EALTH, COSMETIC & ANT)-+ TECH 0GY

= NAdYUAD IKANNaSadu (stainless F
steel) NpVLOV HSDD:QULUYL T

= JADWEDUS=UITU 2-6 m Lazibldunwiu
AUgNAIVMYIU 2-4 mm

s MYUADAUUUSSYAIYIQSDISU o
(substrate) AWuvovLTVATUUIODUNIA
Aavlc 37-44 um v 250-354 um =

= M0AWLIdUIN ARAUURnnUalludvNay
(coil) twotHuUssRaviulan (oven) 1a

ST2092312 ASILASI=-RAIYLASDVID 26



Us:=nouuov GC

daJu

Column : Packed column

ms:)msw RUUU GSC - Zuaao

saosumUuuumUumoouu \ Gas Liquid Gas Solid
USSRUADAUU LU Ban o:qdun

i % "
ANSOLASI:KULUU GLC Qovly / ,l,
uavLdvldudaqsavsu (solid Stationary phase Support Absorbent
support) mumauaomaanm

HU']ﬂLUUlV\/aE)EJﬂUI’] S9N Cotmcasssca e (s o gs
uDvVLlHacUu31 dulaan

(substrate)

Solid phase Packing

Demonstration - Wet Packing a Chromatography Column

ST2092312 AMSILAS1RAIULAZDVDD 27


https://www.youtube.com/watch?v=ItTtnVKcqDw

Us:=nouuov GC

daou

nAlABRuATW nEoudnaToANSEEADSE
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B

aqsovsu (solid support) NBlAsUITNAsIWUUUADAUU

0=auul (Alumina)

e finu (Charcoal) ~  (HQABUDENVLSY
G ganioa (Silica gel) 3
uunULge (Magnesia) ~

—

NANTVYANSAQAVUDVNAVNIS

uunNULgguASUDLUa (Magnesium
carbonate) ~  dhqaduliunany
unaldguwoalwa (Calcium phosphate)

uAALBgUAIsSUoLUQ (Calcium carbonate)
oyau (Inulin)
wdv (Starch)
ylAsa (Sucrose) ~  d1qQadudgvdou
lsaglad (Cellulose)

J

ST2092312 ASILASI=-RAIYLASDVID 28
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Column : Capillary column

= WIAEWWI:NSLAS1KLUU (GLC) tidu

= ADIWYID avuc 10 av 100 m KHSD
Talalaba

= yunaldunWiIuAuUgnNalty Metuus:uiey
0.2 v 05 mm

* ARALUILATANSEIUTHIYHSDLADUNVHLO
mo:)EJ fused 51llca Lua\)mﬂUﬂmU
usansaoua uaonmon_]ﬂsenm

= WUNDUDNUDVNDUALASDUAIULISBUTWED
A (polyimide) MIRTAIUULTVUSVUA:
V19CIDNSIBVIU

ST2092312 ASILASI-RAIILASDVD

nAlABRuATW nEoudnaToANSEEADSE

Capillary Cc}lumn

Fused Silica

U\“‘x}

v

Stationary phase or absorbent

GC COLUMN

Stationary Phase
oo i

Fused Silica

s Polyimide Coating

29
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N

Column : Capillary column >

[

ST2092312 AMSILAS1RAIULAZDVDD

HEALTH, COSMETIC & ANT)-AGING TECHNDLOGY

YQadunuuBuWallndouaguURIAUlUUDVADAUU

Polyimide Coating

Polyimide Coating Fused Silica

Stationary Phase

Fused Silica Tubing

Stationary Phase . . - - _¢_ -1
Film Thickness

I . I
., Inner Diameter .

! €—Outer Diameter —»'

https://www.glsciences.com/techniqgue/technique data/gc/basics of gc/p2 1.html

30
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IDs 100, 250,
320, and 530 ym

VRS ERITEISERN
uovlWaongnunuu

Tube Wall
Fused Silica

Liquid Phase
0.2-5 um

Jnistadouduuivuny  DANSIASDUBUUIVUDY

JaqsovsundiwangnAun

WUVNYTUUDVND

UUWULAEUUDVNDS

I Capillary column
B Liquid stationary phase

3aQATSWSUUUNLY
MetuUDVND

Porous layer wetted with liquid stationary phase

Porous layer ar adsorbent solid

ST2092312 AMISILAS1RAIULAZDVDD

l‘ ALTMANN
ANALYTIK

Dear Customer,
thank you for choasing an ALTMANN ANALYTIK
procext.

In the box You can find all the nstructions for

GC Column Quality Assurance Test

Column Specifications
mameowess  180pm
TR SuTER: 10.32 mm
Bl
= (Crossbond
oawes  BSBT

inrluTAgFuA
HEALTH, COSMETIC

31



.D. (mm) 2 -4 -1
Length (m) 1-5 5 - 100
Thickness (um) 3-10 01-50

theoretical plate

2,000 - 100,000

7,500 - 300,000

number, N
N/m 2,000 - 2,500 1,500 - 5,000
Material Glass Fused silica
Stainless Steel stainless steel
Inert Low High
Sample Load (ug) 10 - 20 0.05 - 30

ST2092312 AMISILAS1RAIULAZDVDD
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Separation by packed column L

O TSIV OO0 e NS 7 !
?ﬁo @% 0 = O DEQ O /OQ_C? ______ ) PacwM—
OOOOOOQ CDQJO\C’D 60 O L i

Capillary column A /\

T o o e o o o e T T -

- -

Complete separation in a shorter analysis time

ST2092312 ASILASI=RAYLASDVID 33
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Column : Temp. -l

» APAWUIUSSVDEIULNNAIUAUDTUKAD IWortEADdUUTDtuRNTgowaNo:
thawsmam\JﬂawLUuIatoaamaaoL3a1

. E)EUHﬂUnZUC‘IE)\)TUEI\)lﬂUIUOUI’T]ZHUE)\)lHaZ)nLUUlV\/ETE)EJﬂUﬂﬂEI']EJLUUTD

. UﬂmamHﬂuntua cNANDISzUuUAQaisadagIvUs:=Ued 10°C

" DEUHAUUDVADAUUDINACIDAINIATINISHUDY (retention time) Ua:
Us:=ansniwnisuen

“AatuRnNlguo:rtRloudvaispgIvaiulhedogiu mobile
phase IWS1:MSIWUREURADO:NRANSa:a18udvalscagnuiu
stationary phase aqav JvrtRaisciogivoonuIldng1vsdaLsd
fidaisWauagHa1eNv:NRaIsIkaIdunnILenN2aNINAAUU
[atuatnathgvnu”
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'HEALTH, COSMETIC & ANTI-AGING TEC)

N
Column : Oven temp. ‘ (/\%

Isothermal
165 °C
2 min + 5°Clmin | |mm=24mm'
‘ “ [ l I ]"—‘Emmﬂn.zc I oo e
[y Sy S ————— 04..» PO Y ——t -»-.--s'nof;-&«o ——
e ! Programmed Temperature
re ' i ; 80-200°C @ 25°Cls
| Run bme = 15 mn I
I Elution temp = 1927 C '
o:'o' " 12 24 36 48 60 72 84
C1o
Co Ci1
E p=2114C Crz Thermal Gradient
3 Peak i -20230 C@
o eak sweep to 200°
2 Cis 58°Cls

Wl

00 12 24 36 48 60 72 84
Time (s)
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daJu

Column : Parameters to used h— et
* Types of stationary phase
= Column length
" Inner diameter
* Film thickness of liquid phase

ST2092312 AMSILAS1RAIULAZDVDD 36
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daJu

Column : Length

Effect of column length

Phase: BP20, 0.5 pm
Temperature: 170°C, izsothermal
Linear velocity: 25 cmisec, He

3 | =
|
|
2|
| . | .
i
I | 2 |
1 [ 1!
I | |
|m|I n:
Il ‘o
|!'| hi
Lo gl
\ |
—_— I-\_IL_ :||:

12mx032mmiID 25 mx 032 mﬁ 10

Efficiancy |sffective Efficiangy [effective
platas): 25000 plates): 50,000

Cormiponenis.

1. e=Elhyiaheanol
prCresal

2 Z4-Xyenal

4 2 S-XyEnal

. 2l Progrdphenal

e

1
il

5O m x 0.32 mm 1D

Efficiangy [effective
platas): 100,600

1l

N

nAlABRuATW nEoudnaToANSEEADSE
HEALTH, COSMETIC & ANTI-AGING TECHNOLOGY

R =2.05
I
' il .l
i 15 meters
| 'Jll ‘L
R=291
[l ]| 30 meters
b/
R=4.15
| [\ || 60 meters
—
20 min

= Resolution is proportional to the square root of the column efficiency.
* Doubling the column length will only increase the resolving power of the
column by approximately 40%.

ST2092312 AMSILAS1RAIULAZDVDD
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dadou

Column : Inner diameter

Effect of column internal diameter

(|-

H=4.00

0.1 mm ID
R=163
| \‘L.__.._.u l A ﬂ
0.25 mm ID
'-.II [ LI [==1 Il-.l

ST2092312 ASILASI=-RAIYLASDVID

nAlABRuATW nEoudnaToANSEEADSE
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" The smaller the diameter the
greater the efficiency and
therefore the better the
resolution.

= Reduce the diameter by half
and the column efficiency
doubles.
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Column : Film thickness

Film thickness and elution temperature

BP1, 0.25 ym BP1, 1.0 ym BP1, 5.0 ym
=320 =80 =16
40°C f5°C 120°C

2 e 2
1 1 1
3 i | 3
k=495 k=4 85 k=5.50

ST2092312 AMSILAS1RAIULAZDVDD

N

nAlABRuATW nEoudnaToANSEEADSE
HEALTH, COSMETIC & ANTI-AGING TECHNOLOGY

» The greater the film thickness the greater
the retention of a solute, therefore the
higher the elution temperature.

= As a rule, doubling the film thickness
results in an increase in elution
temperature of approximately 15-20°C,
under isothermal conditions.

= Using a temperature program, the increase
in elution temperature is slightly less.

The chromatograms demonstrate the effect on elution
temperature for a mixture of compounds using 0.32 mm
ID columns with film thickness of 0.25 pm, 1.0 pm and
5.0 ym. An increase in film thickness from 0.25 pm to 5.0
um needed a change in analysis temperature of 80°C to
maintain the same elution time.
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Detector

nAlABRuATW nEoudnaToANSEEADSE
EALTH, COSMETIC & ANT)-+ TECH 0GY

gruasrvda WuadnsaiMtdarsuasivIaaistdvlaurNgnuenoonuIDINAALLT UddEv

JodauradwWwhTldgvos:-uuUs:udana

* Flame photometric detector (FID)
ZﬁtumsmsaomawsUs:ﬂauz‘)un§e§
(a1sus:=nounid C-C, C-H bonds)

= Electron capture detector (ECD)
10unUnsaiassvIanaiunIsasIvHN
aisus=noundo:=aauualaoutdu
DVAUS:NDU LEU §101UUaY ULazen
MYQdsWy L0udu

ST2092312 ASILASI=-RAIYLASDVID

B

Type of GC Detectors

\

organic compound

g T TCD FID ECD
Other Detectors

Most commonly used GC detector
with reducing cost of MS, it may compete
with FID

Detector Detector Response to the

Acroynm Defination type of analyte

AFD or NPD Alkali Flame Detector P and N containing

FPD Flame Photometric P and S containing
organic compound

SCD Sulfur Chemilumenscence S compound

MS Mass Spectrometer All analytes
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N

Detector Selectivity Detectability Linearity
Flame ionization detector (FID) No 2 pg C/s 107
Thermal conductivity detector (TCD) No 2300 pg/mL 10*°
Electron capture detector (ECD) Halogens fa/s 10°*
Nitrogen—phosphorus detector (NPD) N, P fe—pg N, P/s 10%7
Halogen-specific detector (XSD) Halogens pg Cl/s 10*
Thermionic ionization detector (TID) N, P ~100 fg N/s, N: 10°, P: 10*
=100 fg P/s
Photoionization detector (PID) Aromatics pg 10°
Flame photometric detector (FPD) S, P pg' S: 107, P: 10°
Pulsed flame photometric detector (PFPD) Tuneable for 28 elements pg S/s, S, P: 10°
100 pg P/s"
Atomic-emission detector (AED) Tuneable for any element pg/s" 10%*
Electrolytic conductivity detector (ELCD) S, N, halogens pg 10°
or Hall electrolytic conductivity detector
Mass spectrometric detector (MSD) Yes fg—pg 107
Fourier transform infrared (FTIR) Yes pg 10°

* The detectability considerably varies among particular elements.

pg, picogram; fg, femtogram.

ST2092312 AMSILAS1RAIULAZDVDD
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Us-ansAmwaalsuen

» (Wolthastogivha:ansiu mobile phase 14
aviudduuuudvARaUU d:=1AaNIsLUvadU
S:IHD"]\) stationary phase AU mobile phase

* |U21sGU mobile phase lUtunpauuon
AD LAUADY: (eluent) UUD:WANADYUSVUU
(driving force) tH mobile phase Ndans
Aopgvazargaginanunaviunoauu

. awsmamonﬂﬂwwaoma UIWUAU stationary
phase a:)uZHu 2:1AIONISWLUVEIUSIHIIWENY
dovon

= |Jol8udu:daludniEoy a - mZHawsmaeno
nAWIavulauaIvudvAdaul Wulgudios o
autunaoaaﬂmﬂnaauu

ST2092312 ASILASI=RAYLASDVID

| |—

Loaded
sample

_, Stationary

phase

— Mobile
phase

—» Sample
separation

Weaker
interaction

T

Fraction
collectlon

—

¢—

-
=

nAlABRuATW nEoudnaToANSEEADSE
HEALTH, COSMETIC & ANTI-AGING TECHNOLOGY

Stronger
interaction

Resolved <

band
]

Eluted

molecules

B |
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JUU

dnsnwuovADal

us

Elution N

HEALTH, COSMETIC & ANTI-+ MINETECMDLW

= lulanavovddNa:a1gnncdu
A>WUS:WOALHDDUAU Wa:Ms é Irast Tty
LAdDUNUDVIULaNauD VI Nazale
aWSALAADUNIALIMAURLQ BolAS [ —
LnInuﬂsuﬁtﬁuqounﬁozlﬁutzju

(b)

© 2007
Packed 1

wuuuau (band) Kéawn ATLD /\
}\J\/

ANUEU=NISAS=ONE "=
» uclovoinlulanavavdnnazaly
T Distance migrated =

signal

Detector

|
Concentration s

nAADUADIWUS=WOATULHUDUNU "
uvlulanatAasuniss uvlulana = [= |+l
1A3DUNdY MIRTASUITNUASUATA |
WuwnAGAUNIY (band

broadening)

AL ff
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Elution

ANUTUUDVWANNTIAD:AINVKSDUAULINTDYLATHU TudgAuUdIY

1. Mstdaisalogivavtunoaul

2. MSUWSNS=D18UDVASIDEIVUADAUL D1NUSLITUNGAIIL
1OUJUgVEUsLUATAMUWDLTUC (longitudinal diffusion)

3. mslkavovlulanavovanspg1vtuapduliiiAnvALancvAu
La:lds:zg=n10nc1vAU tws:uunaua:sus1ouaw SP tuAadud
uancvau (Eddy diffusion)

4. llanavovaispgvliavisaliaauqadus:H31o MP ua: SP
(non equilibrium mass transfer)
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dnNsSAwWuUovADa

us

Plate theory

= nouALwaa (plate theory) WunwunAaNIBUN1SDEUNEUS-aNSNIW
UovADauuluLINAdATASUNTNASTWIUNSILENAISNGU

» lagwesuligunndultlulaldoumsuancogivoantdusdu a HED
139n31 (waan1onqui] (theoretical plates, N) otuuciaziwaanio
NOUYNV:LAQdUQASs:HI1V SP ua: MP

» JS:anSMWoIAgHAnN retention time Uovals UAzAIUNIIVUDY
WA

= TagvudULWaONIVNuNuovARauUdnacious:anSNIwWNISLYNans
HINADAUUDIUDULWAONIVNAUYL (N) go v:dUs:anSniwiunis
LeNaISgolu

NS004NB0NANSEADTE
& ANTI-AGING TECHNDLOGY
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Plate theory

nAlABRuATW nEoudnaToANSEEADSE
HEALTH, COSMETIC & ANTI-AGING TECHNOLOGY

= Jgunistwaaniunquf (theoretical plates, N)

4
retention time tg N
2 "y
tR
N =16| —
Wb
t. Y W ]
N =554 R baseline half-height
Wh ™ /. ¥

» lime

!

injection

Wy
Tip) tR 1DAINISKUDIY (retention time) H3DLa1Na1sBuNIsoonNINADAUU
= ADWAN3VUDVWANTU (peak width)

w1,2 or W, = A2IUN310UDVWNNAILGVASUHTY (peak width at half height)

ST2092312 AMSILAS1RAIULAZDVDD 46
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Plate theory

0.k ﬁ.

o2t ] '|,|

0.6+

-0z

Larger N

nAlABRuATW nEoudnaToANSEEADSE
HEALTH, COSMETIC & ANTI-AGING TECHNOLOGY

e R 2N N
/ \ / H‘k
; \ ; .
/ \ . \
0zt / "'.1 ,’; Y
£
Vi Y
__,,--'/ | X . e . .
T o T oe ..‘n.s i ! i 1’;. R Y
W
102 b
Smaller N

When the retention time, t;, is held constant,
* the column that produces peaks with narrower baseswill be more

efficient — have a greater N value.

" a3 column that produces wider peaks will be less efficient — have a

smaller N value.

ST2092312 AMSILAS1RAIULAZDVDD
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Plate theory N - 16(tRj2= 5.54(“*)2

W, Wy,

= DudULWaA N d=dwacioanuau:=uoown a1 N Joiuduuin 9
d-lawnNdanuou=LAULAzAUBQ

= MslUSguLAsuAl N ALWUTUdovLUSsuLiguAUADAUUNDAY
£1dLlNINUQDY

= AISWOISEUUS:GnsSNIwydvADauUNNUDULWaG N ol
d=Qdn LSABAADIUFVUDVIWACONIVNaUN (height equivalent
to a theoretical plate, HETP) UvBfivus:ansmwuavAdauU

= HETP (13dryanualso H) Sukuigfivadiug1duovAadulco
Sudutwaa N 13gndud plate height

L = ADWENDUDVADAUU (cm)
N = Dqudutwaanivnguiiuadaud

H =L/N

nAlABRuATW nEoudnaToANSEEADSE
EALTH, COSMETIC & ANT)-+ TECH 0GY
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Plate theory
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H =L/N

ﬂaaudﬁﬁdumaoum H Uoe UuAd N msummﬂnaoua ADAUUADSAU
nao IWotR H JAUoe

Lpvo1n N D:0ANTAUIN tuamwumwouaowmmuaa

asutano Us: ansmwuaonaauua cuuawnnloum:nurmouaaﬁsaunu
Us:Fnsn wuovAodula:aqavliondun31vusowWnuIniu dud:0nadiv

ANSLENAISWAUQDIE

msuaﬂawsaouu
. U\JﬂnamUJULwammonﬂuanmﬂuu KulgnvAdauu
uUs: ansquouutumsuaﬂaws

2 1 —_ ° 1 — —— —_ —
L( W j ATUDV HETP EJ\)CT] RUNgADIUDIADAUUDUS=aNSNIW
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Van Deemter .

N

inrluTAgFuA (nEoudnaToua: £15D:A0350
HEALTH, COSMETIC & ANTI-AGING TECHNOLOGY

|
aunis Van Deemter Wuaumshosule H (net)
Uodendowacious:ansniwuovnoauu e
E
H=A+B/u+Cu ‘Ea’,’j,a
s |}
A = A wWlLL0us:IGsuyDvEDYNVNISTHAUDY o }
llanatunpauu (Eddy Diffusion) " 1 '\ L et
B = mMsuwsns:o1gunvlulanamuiLudgIduDY " i \ Gt
ADAUU (Longitudinal Diffusion) 1 \Y/' p
C = msdhumuciomsenglbuudavpvals (Mass e e T i
Transfer Resistance) T e
u = dasINSsHaUDVWALAADUN (Linear Velocity) Gopt Carrier flow velocity, & (cm s~)
OPGV

21nduN1s Van Deemter d:BUTAI1IDASINTSIHAUDY MP donalasasvocio HETP
LazAovdANIKUI:aGUIWalHADAUUMVIUIARE1VDUS:aNnSMwgvda
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C’

Dwacous=ansnwuovaoaul

" ADWEDUDVADAUU (column length, L) naauunmauuunu
SuduwaaauuduIndu mMkUs:ansniwgodu

" LAUWIUAUYNATVUDVDUNIACDOWY (particle size of
stationary phase, dp) aun1ANCULNALANEIYIWUIIUDU
lwaaauud udrmiRiaiandudiunudanisiHalwuiu

= pasIMslHauov MP (flow rate of mobile phase, F) oas
ANSTHANLKU:=aurMIRIAQNISILWSAS=18UDVaNSIUADAUU
aQav

= 30QUDVSP AlKUN:aUd:3d8tRNISLgNbUS:FNSMwWUINTU
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JNSAIWUDVCADASIVIQ
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Detector

Flame ionization detector (FID)
Thermal conductivity detector (TCD)
Flame photometric detector (FPD)
Nitrogen phosphorus detector (NPD)
Electron Capture Detector (ECD)

ST2092312 ASILASI=RAIYLASDVD
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N
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« L Fonl3asivdasiatauuduagniusliauovaisita:AIubudvaIASIDIO
= (HasdvdaudazsialkuizaissudiAs1:Ralsuda:staluikdounu

O
O

Jryrurrusunduniiadundstinouin (low noise)

UADWDJv (high sensitivity)
WaNIAvINCIASIDIOV:AovLHTDUAUNNASVLDDIEANSIDENY
sualqudnu (high reproducibility)
WihdamistasuulavAduAauuLAaaIWIKSDaTURAD wazlu
LAQUANASECDUNGAIWA
WrhatergaasunlavAtuauUGuovaisnoonislAs:y 8v
DA WaATYUIN

SN



AIsNIUSUIaUdLASI:KULa:NMsudana

= AISKIUSUItUaGIsnautatuans
DYV

ST2092312 AMISILAS1RAIULAZDVDD
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Dead Chlomethiazol
Poinat | .
I Theophylline Propranolol | Phenytoin Carbamazepine
AR Retention | | I ,
] YelsmesvV) 3} | 3§ |
:‘ t — Correil:ted helen.lion ’:
K Volume (V')
| E Il r
| l | \ .
Peak Width
| l | at 0.607 (h)
| | | \ 2 o) —> |-
Dead | Peak | | |
Volumﬁ Height I | — | -
vo Peak Width
Sl l | at 0.5 (h) |
| | ‘
|
|

L

\

T

<—> |  (Corrected Retention I
Dead Time (t' )
Time = !
[ So | ' Peak Width
- . a ' t
| Retention Time (1 ) at Base

Elution Point of
Unretained Solute
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lAsullnsunsy
t-R »
'é [ ? Peak
| f x
X h Iy
% | _—A4 |
- I W Y A :
Baseline
—
| Time

| Injection of the sample into the column — Start of analysis

ST2092312 AMSILAS1RAIULAZDVDD

: Retention Time
: Dead Time

: Peak Area

: Peak Hight

N
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= Wn (peaks) wnunuaisuca:stoangn
LENDDNDINAU ADIFVUA-WUALIAWA

JUWUSAUUSUIEUanstucdoey N W

. Da'lﬂ.’ISI-L{LJ'D\) (retention time, tg) AD : " - R
Danﬁtz?cToudmsﬁoawscTaashoI f FD)SZ”*
YUNSzNVAISUCA:AINASIVIANCD £ - }\ | . Peak Hight
1SJ93Q i Baseline

* Dead time HSD hold-up time (t;) "

Injection of the sample into the column — Start of analysis

AD s:u-aALAaaOWIISUNISIAADUN
WIUADAUUTQYTUDATISANLAUAISIQ O
tunoauu



lAsulNSUASU

C‘TDLLLJSfIﬂSHu'D\) (retention factor, k)
LOUATINISUNISDSUIEWAANSSUUDY
awsmamomswautama Zuoawaatu
SP uutnta (ty) OatAguAUansn{io
DIUNKUIVIU SP Lag (ty)

o 1 k=0 HUIgDY arscpgIviELaEYU
SP WuAudimuavdaNagiu MP Buifo
lUnAKUDVlUADAUULAY

o 1 k=1 HU1gDY aisalpgvtELaDEU SP
UINN31TU SP Wu 2 tMudvdainagiu
ADAUU UUAD t, uduWnNooNUID:ELIAN
WuaoulnHSouInNNIEUNU

nAlABRuATW nEoudnaToANSEEADSE
HEALTH, COSMETIC & ANTI-AGING TECHNOLOGY

tr
tz -t
k =
t
¢, jL
1k /\
v1l T 5 5
minutes
k=0 1 2 3 4



lAsulNSUASU

* sUNsuuDVWn (peak shape) wWnnRsUnsvuauulasULa:uAUUVUDNNVNIS

LognNgUs:ansSnIwua:s:uunniviuiad

= WANDHY (tailing) HEDUUU (fronting) D19UVEUURINAINNISLEN

S=KD)1Va1sDEIVAU SP KSoAMuWauntuovAoauu

| |

1 |

\ /1
|| § \ | Il
| J H"”"-—— 4——// (- Jol

Mormal Peak Tailling Paak Fronting FPeak Broad Peak Peak Spike

Peak Splitting

ST2092312 ASILASI=RAIYLASDVD
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J1UUDVWN (peak baseline) Aip LdugiunAvALa:sIUEaULdUSVaATIIUNS
HQAWUNIAWANULA=NISATUDUUSUIEUANS NNSAURSDANUTLULINYSUDVIIUWN
DIDLAQDINJTYTYITUSUNIUYDVCAIASIDIQ KSDUTUHITUS-UULAGCTIW

poor
resolution
Eluent peak; Peak B
Injection dead volume fronting Tailing Shoulder
jecti
monitoring o
drift

at half-heig

|

|

B e M SR A — N S .

‘[ Peak wide [
Baseline Baseline
noise
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Us::gn gﬂ ‘7 Wn 75 ll gn ety

= Js:ansmwnisugn (resolution, R or R)) A A1sdaAIUaIUISDUNS
LENWANDLNALAE VAU

s USUITUMISLENS:HIOWA 2 WA ADAIULANCIIVS:HI ty StHI10WANY
J0VAUNASIUUDVASVRTVUDVAIIUANITVUDVWNNVEDY

M t, UDVWANVADVLANCVAULIN MSLEND:LAATAE LadAIUAIVUDY
WADAWIN MsugnAadulalud drsuwnnauuiasiaidsusiodu
normal gaussian shape lagmisugnnav:s:g:H1vs:HIVWNNZALDU
laglutnanNIsNUBoUAUUDVATYTIITU



N

t,~ te 2ty tg)

W W, W+ W, |

2 2 |

mgnal

Detecron

WD tg, Ua: ty, = ty UDVWAN 1 1a: 2 UAIAU
w; La: w, = ADIUADIVUDVYIUWANAN 1 ua: 2
awaau -

dnsuwnnauunasua:gn R = 1 o:0WuRwWnRgou .
AULWEY 2% BuLWEOWDAIHSUVIUILASIEKLEY

Usuiau anisugndAItninu 1.5 waauisauen
oonuINAUlaauystd
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Qualitative analysis Pl

= IUSgULNgUA ty KSDV, Unualsoog1vunuaisuiasgiu

UNMMNOWN ALCOMOL

A 1
- 3 - Sample: Unknown alcohol mixture
4 s
. p 8 o
tr | Standard sample 2
‘I\ A Injesacr L
I | t J =
B . | | | |
I I || o . - . = . - = - 26 miretes
l | | l [ |
k] I I | STANDARD Standard
. ]
B 1le 1o 2 s e
yt alcoho
Unknown sample B c o | < n-propyt micohol
' d n-butyl alcohol
l e namyl alcohol
|
|
N
II II
ey
Mmi-_JUL L
.PL B o.--__-_é——. 2 iR} == 0 S m'..'—r
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Quantitation

" 30AIADIUFVUDVWN (peak height) JQ
Ao nAIsalnLlauyu (base line) uov
WA Ladaintauasvoindiugaau
LUDQVDUAVLFUTIU S8:NTVUDY
LAUQSVYINTIUDVIIUIDQUDVWNA

= Sawunlawn (peak area) USuitu
aiscogv lagwuntawnuul
ADUJUuwWUslagasvnuudsuiauais

Peak height at maximum h

Abundance

. Peak height

Time

Abundance

Peak area

Time



Quantitation : Peak area

LNUAUAISUIOSTIU
AMUDUTQEIBUTITIATIOSETVA
ds1vnsiwWuIasvu (calibration curve)
LAuaisuNasyu (standard addition method)
internal standard

|
Ol Ol Ol Ul Ul
L il it i QL



Quantitation : Calibration

N
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curve

/ 3000

\\
Detector Response (pA)

2500 -

2000 -

1500 -

1000 -

/ 500 -

Linear Calibration Model (pA vs ppm)

|y =19.782x + 40.3
° R? = 0.9996

g i (Detector Response) - (Cal Model y-Int.)
[Analyte] = = gjope of the Calibration Model)

50 100 150 200
3;;,& Standard Concentration (ppm)
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N

Quantitation : Calibration curve N
1: Benzene Area Ratio
2: Toluene-d;
3: Toluene 30 Y =0.03533X + 0.23039
4: Ethylbezene 75 R? = 0.9997022
5: m,p-Xylene o R=0.9995
5 6: Styrene 20
7: o-Xyrene 15
8: Benzene, 1,4-dichloro-
57 9: Tetradecane 10
23 8 5
1 L e e e e M S e s s b e e s e e
n A 0 250 500 750 Conc. Ratio
"""‘"‘!‘“ e rrrrryrfTer Ty T ey r ot r ey LN |

Toluene Calibration Curve Analyzed with
Nitrogen as the Carrier Gas
TIC Chromatogram for the 1000 ng Standard Sample using Nitrogen as a Carrier Gas (10 ng, 40 ng, 100 ng, 400 ng, 1000 ng)

' L)
1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0
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Quantitation : Standard addition method
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Instrument Response (S)

b = y-intercept
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Quantitation : Internal addition method Pl

15

(=8
—
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N
Quantitation : Internal addition method N

Analyte Internal Standard | Analyte | Internal Standard |Response|Concentration
Concentration| Concentration |Response Response Ratio Ratio
5 200 20 1010 0.020 0.025
& 10 200 40 985 0.041 0.050
5 25 200 158 1020 0.155 0.125
3 50 200 257 1030 | 0.250 0.250
h 100 200 525 1000 | 0525 0500 |
250 200 1200 985 1.218 1.250
500 200 2488 1000 2.488 2.500
9 ? 200 137 660 0.208 ?
2 ? 200 600 400 | 1500 ?
\§ ? 200 105 1400 0.075 ?
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