Gas Chromatography

Basic Theory & Maintenance
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Chromatography

GC

column

GSC GLC

SFC LC

column

LSC LLC

/

TLC

LS IEC SEC LLC BPC
(ER) (01211 &) (2HH) (2bH)
| — [
IC GPC GFC IPC
(I=mED) (or=371) (HH A (01=24)

- SFC : Supercritical Fluid Chromatography

- IEC : lon Exchange Chromatography
- SEC : Size Exclusion Chromatography
- IPC : lon Pair Chromatography




Chromatography
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GC 2 HPLC SE24 7

Hydrophilic
Amino acids Inarganic ions
Synthetic Sugars
acids e Glyphosate fooad dyes Sugar
alcohols
é{ﬂgﬂ{g?s T Enzymes
Sulfonamides ""-‘__l;iWCD'S phénnlé Aflatoxins
Nitiiae BHT BHA RS Fatty acids Antibiotics
Polarity S antioxidants . Flavanoids
QOrgana- Alcahol B o
phospharous PAHs ._Anabnlma Natural food dyes
:M§ pesticides Aromatic amines e F.at soluble vitamins
erivative PCB R
of sugars .,
Epnxidas Essential oils Polymer monomers Triglycerides™.  Phospho-lipids
C,/C; hydrocarhons Fatty acid Arumatic esters
5 mathylestar
Hydrophobic
GC

Volatile Volatility Nonvolatile

m GC & HPLC S84
Hydrophobic(A2=4)8t A2

- HPLCY H=2R= S=H/2HH/0I2
Nonvolatile(HI 22 A) S& 2A4E T2 oll, OISASR £=E2HE AIZ6HD| 20
Hydrophilic(24=&)2 JI& A2 240 S B2 JIS5HC.
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Gas Chromatograph?| 4

< Carrier Gas
< Injector

< Column

< Detector

< Data System




1/8" packed column

m] GC System2| 242 AN CtsS1 2C.
— Carriergas : Alg =2 F0A JIstE AISE 222 0lsAlHA == JIA
- Injector : 24 o}_l A ot AIEE F=ot= RO0I0, =S AISE JISAIH Z2Ee =z

- Column : EP%*@ MES EJIULHU STHMIt HAM UM Alg o

Ste=2 22lAlHA =0

— Detector : ZEHMRH =S & St&f=2 2E0
HaAIFH =L

— Data System : Z2=J|0 A LIS
AWM.
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Carrier Gas
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i
A : Moisture trap B : Hydrocarbon trap

C : Indicating Oxygen trap

m O|s4& JtAL =5 = M SR0ICH 28 0|4 I == 99.995% 0| &0|0{0F 5tHH, =S
Hoz B2 e= 0lsd &2 =017 oM = =, Carrier gas0ll Z& & ==, &4 & A XHe 2
2 222 MIH6tJ| 2ol A= Molecular Sievell S&E 0l 2= Trap= H 2610 AFSSHCH

— Moisture trap : Molecular Sieve 5A, 45/60 mesh EEHMZ SN AW, =22 MHGHI| 2
St 2O 2 AIZ &I},

IS 2Bl 2 MWEEO0| Jbsst 2XAIQ! ‘S’ Trap (Agilent P/N : 5060-9084)0|

MO AI=ZGH=
0, GC 220AH =& X
- Hydrocarbon Trap : = =,

Trap2 Moisture Trap2 & X|st & & =60

— Oxygen Trap : &t HIHE 28t trap0l 04, Glass Indication Oxygen Trap (Agilent P/N : 3150-
0528) 1t High—Capacity Oxygen Trap (Agilent P/N : 5183-4772)& LBIXH O 2 ALZ5HCE

m] Gas Purification Systems : Moisture Trap, Hydrocarbon Trap & Oxygen Trap2 atLt2| Unit2
g2 374
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-9 D82 &4 EE A S9
0l Ct.
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Column Diameter

Optimum Carrier

Optimum Carrier

Flow rate Linear Velocity
Packed
1/4" 50 - 60 ml/min 2.6 - 3.2 cm/sec
1/8" 20 - 30 ml/min 4.2 - 6.3 cm/sec
Capillary [ 530 /m (mega bore) 5 - 10 ml/min 22 - 38 cm/sec
320 um (wide bore) 1 -4 ml/min 20 - 62 cm/sec
200 ¢m (narrow bore) | 0.5 -1 ml/min 26 - 53 cm/sec
100 4m (high speed) 0.2 - 0.5 ml/min 42 - 106 cm/sec

S0 &

¢t St Carrier Gas

Detector | Carrier Gas (BE=2
LAHHA O TCD He JhE LBk
227 H, ACE 20U AR TS oF
N, H, 24 Al AFR
FID N, pIESR-TET RS
HyHe |OIXIZ AIS Jts
NPD He = A
N, DA
ECD N, EIInETE
ArlCH, |ZDo SXge
FPD N,
MSD He MSD Mass RangeJ}t 2-800amu 0| 2| T &0l

EBtE Al He ALZoliOF &
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% Packed Column Inlet
% Capillary Column Inlet

» Capillary Direct (vaporizing)

Split/Splitless (vaporizing)

* Programmed Temperature Vaporizer (vaporizing)

Cool On-Column (non-vaporizing)

Volatile Interface(vaporizing)

Injection Port 0| (& Z2 & AIE

¢ Packed Injection Port
« 2= Packed columnt

0.53mm L & 2| capillary column

%+ Capillary Injection Port
« 0.32 2 0.53mmE E&5t= 2 E capillary
column




Packed-Column Inlets

« High efficiency separationO| & 2 X| & 4L} gas-solid

chromatography0ll 2| &t JtA 24 Al RE.

CIAtQI0] 2+ E6tH Ols & JtA 25 JF column2 2

E==]

Al2= JlstE & columne 2 ME T B 2 nonvolatile
HFOZ 0I5t columnl LE2 BOLI AlE20l, =

C
M H20 EX0 Ao & US.

@] Packed
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Typical Packed Column Inlet
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® Septum : GC LISt QR #AS XEicts A2l2 19 WRA X2 [AIZ AIEY R
2 OLOIECH S B2TD UE septum® SRE KR CHATIS2 240 SO Tt
Heig 2 QUC

— Agilent Advanced Green Septa : 5183-4759
— Agilent Long Life Septa : 5183-4761
— Low Bleed Red Septa : 5181-1263

* Septum Bleed 2t : Septum 2 &2 X220 CHMH Al =22 W2l Glass Linerg @
SAIAHU AIZEA 2 &l 6HJ1 & St

m Liner: =510t 240 222 BISS Mg += Y= Quartzlt Rl &AM =l 201,
JletEl Al20t Eatel= s o0, Jlst B @2 8= I'Olu septumIJtEJt Z2& 2t2
T RYUDE WS MHAIHA ECH A LS SEf L FLEA0 Mt OE 2L 2 o

SO UALCH

m Ferrule : A2 =0 ZHHS HASI= OIKNY ABEOCZ QU9 =2 FASH AIA
E0, 804 A= AT (Graphite)2 SO M QUL



Capillary Column Inlet

% Capillary Direct Inlet

- Capillary Column= wide-bore columnZt At &

Nge JIgte £ 25 columnlz MY
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. Packed-column inletlt st 2l 2&&
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Split/Splitless Capillary
Inlet

® Split Inlet (mode) : AIE2JF D=0l &
A 29| I3 (Peak) 22I=E SIIAIZ

® Splitless Inlet (mode) : AIZ2JI HsE0l AL, UdA™ AZSO AIZIF FF HUHA
“Reconcentration”Tl 0 28 22 SHII 242

m Pulsed Split/Splitless Inlet (mode) : Spllt = Splitless modeOll A L& AlI2tSOF D&

[=} o

O YHE Jtotd EBolEHIl 2 ANEE WEN 28 422 = OP* = AT A0,
2 AlZE LHOI AlZ D =R T132 2 oy AS SAAZ = ULH 2eHCZ I 2=

NZz2o 240 =S0otCt.



Split Inlets

« Capillary GCE ?loff &= = 24l

« Al2= 029 FA0AM Jlstel = LR 8H0]
Column2 2 &Y L 1 LIH XlI= ventE.

« N 2E AMZU BEIIsotH Al=2=012] XS0l &t
1) peak SEHIt L& (sharp)

« ANZo HEE2 ventEID_ 22 00| column0i] & E g
X

& T d&H8 Meldol EXl Es =
c OI_O
I MO

m] Capillary Column2 AIE0ot= 22 HZ0ote M2 22M Ut RIIste=2 40
AESHH, Packed Columnidi= €2l =& = JAes A2 L0 &Il HZ 0 Column0il
S0 Il= AZ2 &S Carrier gas® =& (Split)0il 2ot X& StCt.

m Vent linefllM= sl8E A2 LIREZ AR S40| Z2et 2R ARZ HZolA =
SI&== etlh

— Split Vent Trap : Agilent P/N 5181-8802 (Replacement cartridges 5181-8803)
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Split Mode Flow Diagram
Tatal Flaw Saplarts Purge
Cowirediag Flowr Contralles
; -"_| :I Furge Vanl
I’h B mbmin Seplom Fege fow —= 1 mlimin
iy
| Im ' v
s S - 100 mlfmin
E | — Splil Wen
5 B Purge Gonlrol Solenodd W T
= .,EI \“'r-.\‘ Press=ie Control
= $0 T (Back-prassun
Jf [= Aeguizlor)
;- } Ta Detactar
Flow & &
— Total Flow Rate : GCOl = &= 28X &
— Septum Purge Flow : Al2J} = &= 59 Septum 0teiZ2 FLENH E=2= HHOH
H EH, det8oz 3 -6m/mind &2 & & SHCY.
- Split Vent : Split Ratio0l 2l GC 22 Z Vent&l= Gasel S &
— Column Flow Rate : 2822 S 2= Gasel R&f
Split Ratio : LA QI split ratio= 20 -30: 12 E&6IH, A HA 822 s=£=0

et =& Jhsott.

ex

—
=
9

x) Split RatioJt
OO me/minOl
%2 1/100 ue

100 : 10/t Z2HE 852 1 M/min 2 ;S B2, Split Vent Flow Rate
Sl S, A2 1 HE FTUS B AN 2EOZ S0 2elde AZ

&S 2 0I8tCh.



R LH0| 28 A=
Z0H0ll 28t 3l &0l &= A= (0l : S00 AHA
Il 20| focusingOl &= Al& = =& AlZ24H0]
21 Al & (valve injection)

Z0H peak CtS0ll 3t= peakIt btz F et 2 &
A2 (20 24D 22 H)

=ETT oT

= SIE Ctefet b.pE Il dE=01 &Nl &

22 (Split RatioE & Al bR 24 JFO)

o e rir

Splitless Inlets ()

Split injectorE non-vent & =2 2Ho6t= &cl.

ANEge 122 =AF0UAM JlsteE = S0HE M2l
M0l columne 2 ME &) =70 < Ofo' niE=;
ol Jlate Elf= €& Al = ventE Soll MAE.
(Purge On Time)

ANZ2 HEZ0| columnlf] MEE B2 2EI1 L%
DA WEH0| %8

Toe.

P

ol




Splitless Inlets (lI)

ZAIZH0 2 M columnlil 8 €& Al= 2| band widthE
=0 =) ?let oven 2 £ & S split injection0ll Hl
oto] Ctst ZAHE2 £ A3 AlFHOF E(Solvent
Effect).

=2 b.p2l E0i AHZ0| IS5t

W

L

H

LHE 0| 2 linerE AtE0ot= 20| £L
WE 2 fes 28y & UL

Splitless Injection2| =&
ASZ I =L =0 HE.
NS E0HS dF0U =2loH0F &.
2y 8450 2206l MotE = US.
EMNCR20 2= t=e 422 822 =8, 2
d 2 == 200 MRS
ANZ3l+=E0| FLAIZIS0 et SHXNEZ =HE
& gtotd Asse 2RI US




Purge Vent Off

Purge Vent On

Split yields narrow
peaks from
injection !

Splitless has
focused after
~100 C (pentane
solvent, no solvent
recondensation)




=2 H0lA A= 20

ge 8

A HIBE = et
Septum

Injection port liner
Gold seal (in case split/splitless Inlet)

—

m] Split/Splitless Capillary Inlet AF2 Al 2= 9| J|D| MEHE KXol A R 22 =2
22 MEXD FIEOZE KX B45 &t

- Gas 532 22l 2| Leak Check
- Septum Xl
— Glass Liner W Xl

— Inlet Base Seal (Gold Plate Seal) 1 Xl



Septum 2 & 2| 0

§nl

0 20 80 40 50 80

Contaminated Septa Clean Septa




On-Column Inlet

« Syringe needle0| Column head )t Xl & &5t Al2=
ol

e AN MEO| HHAEHZ columnll =& &4 focus-
ing 82 HA columnUE0IA JIgtE & 22l.

s FUR U E2ANE S0 B=EN Hlxxe 2%
A S AI.

e MNZ2 882Jtcolumnlll 8EEEB2 A THEAO0|
& 461U F=AUA 229 EIl= MeteE.

A1 .

(w] Capillary Column2 AIS &
0 gEl) 258 Programmmg FO4
HZez Dy 82 240 H&otH, E4A
- Pressure Program

s AXGIH AI2E =% U1 Program ol AIZ2E &5 QUL

— Temperature Program

22 252 Program & = e A0 20| =2 2& S Program ot AIEE =

UL,

A2 0l5te 2ED 2es AR WM 2AN,) = =
Cryogenic cooling option2 0| S0t SHAIZHLHN =P E H2PAIZ o= QUL

H, Z& = Syringe needle HIZ OFeHDHXl & X| 6t
= ,‘A”é;éJEH_J /\IEDP g ooz NE S
HAUTQ 22l E HIZEHC.

|I:|:
=)
>-0|50

m &

- g <&t H22 2ol & HE S A

- 29 otAES S A0 Programming HEC2M 24AI2HS MG =0/12 £2 113
PAS A2 £ ULt

- GCZ 40| MHCr2= & Aldehyde, Phenol, Glycol, Diol, Polyethylene & Wax 2
=4&ot=0 & 0ICH
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Headla Guide

Dckhill Valve
(1szlation Yatva)

Sanbum purgs oul +—

Brruucnll:-:uuﬁﬁ.q iy
(zgtional} \"

L

Caerierin —

Cool On-Column Injector

m On—-Column Inlet 2 21 HIZ HZ L= 212z 28 HZW A= A2F
(Septum Nut, Septum, Insert, Syringe needle) AFE0ll £61 £ 216H0H OF SHLH.
m] Needle guide= Fused Silica Needlelt Stainless Steel Needle & SItXIJF QUCE.



On-Column Injection

=7 W2 & H &9 cooling device 2 2.
Retention Gap2| AIE0| 7 &.

Fast injection 2 2

M2 NS AZ(05-241).

2 Z & S AFE (30 - 50 cm/sec)

10 [T

x Iz
0 0t

(w]
}\—| —_ T o

Retention Gap(Guard Column)

=0t ERS

2
=2
24
=2

GOtCt.

Sd0| < =Ch [et

B0l 4K AIBDFE FUS0 M2t 2o @
20 @S 2| A0 ABEYDY B4 %% AFOLON 12 ZiEol
S TEGI0| AZBICH BS 1 @ AIE FYAL B2 1 m B



o Injeclian Fasl Injrclian

"I‘ Heedle
1 L3

B 5 ! | |:_|'lfﬁ'l'||'3||
|//
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‘il.nr]
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-: £{ Cobema

S| ot

On-column injectionA| A|2= Jls&t 2| =26tH
Of Column U120 =&t 9t (flooded zone)2 A
ot AIZ27Jt needletil Al 20 & =5 needle 2/ 0l

ANZJt E&ote AS Y= & UL




Retention Time Gap

Injector Detector

Amalytical column
S-meter
guard column

Press.Tizht* or
Wi-Union®
connection

*Intermediate—Polarity Deactivated Guard Columns & Transfer Lines
- HEdo=z AHE Jts8 Fused Silica H& 2| Column
- P/N (Restek) : 10044 (5 m * 0.32 mm)

«Polar—Deactivated Guard Column
— Polyethylene glycol deactivation layer2 M Polar Compound 40 =2 AIS
— P/N (Restek) : 10066 (5 m * 0.32 mm)

*Hydroguard Water—Resistant Guard Tubing/Transfer Lines
— Water Injection0fl (t2& column degradation & Xl
- P/N (Restek) : 10080 (5 m * 0.32 mm)



Programmable Temperature
Vaporization Inlet (1)

« ANMZ = coolliner2 = &1 FRo 2L} 4t
0 AIRZ J|3HAl 2.

0l
ol

« Venttimedt =& 12| &% E progra- mmingdt 4
split/splitless injectiont Ot & JHXI2 Al 2 vaporE
column2 £ transferg!.

 Large volume injectionO| JtS &,

- dXM2ILE E AIEE =240] JtsE.

® PTV (Programmable Temperature Vaporizer) Al2 £ 3
TAIE FUR U 2 T2 S0 U=, Multiple InjectionOl Jtsdt DJIs
Split/Splitless Al =23 0| C}.

- 0IHHE 22 224 Al U2 MEE =L (Large Volume Injection)dtt 2 &5 &4t
- Z0H Prevent sz 282 2E=2 o
- 25 T230| Jtsot g0 <48 222
Split/Splitless Mode)

— Multiple Injection : AutoinjectorE AIEot0 L& &2 MSE 0 H F=oteE JI=2
ST 2 AME S4Al SE6HH AIRE == QUL

- & AI2 F2! (Large volume Injection)

S84 59 20/Y 42 2HDY L2 1P LS S5 422 2A YL, 2H0IH0
SES ADIIL BE0 A2 FUYSCHEN U2 ¥ S FYHOE 240| IHsot

b,



Programmable Temperature
Vaporization Inlet (ll)

+ The three most important modes
- Cold split injection
- Cold splitless injection

- Solvent elimination injection

«Cold Split/Splitless PTV Injection
- WX A2 I} cold vaporizing chamber2 =2 (Ol split vent= 2 US)

(
- ANz T ZFPTVinletel 2% 45520 AMlE 82=2 boiling pointll et =XHE2 =2
JIStE X columnez &€

- JI& AIAE0 dHiol 22 22 AI2E column &4 Q0] ¢! Jisold & O A& ot
Meld =2 AME9 splitting0l JFs & (Split PTV)

» Solvent Elimination S/SL Injection

- 2012 boiling point =2 setting= inlettll AI23F¢!

- High split ratio0l 215t b.p It ¥ 2 E2ll= HEZ vent D H b.pdt =2 AE
2 inletl M =5

- 0l2l RIEs L& Al2H0| XILHH split vente= €612 inlet 2= &S50t AME A
0l column@Z 0|=ot =2I1JF 0I20 & (Solvent elimination splitless mode)

- 200 pl &2 AIZE columnz=4t gl0| FUE 4= Y2 Z AEI} 48,

- Sl I2 bp E Z=E dE2 H0HE RS0l 2.

0x
ML
uin

HL
nin
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Garier Ba:_..—li
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Cooling Device:

—

— : Saplem Purge

-
| sl

| lesting el

| | Glazz Waal

Imzert

Capillary Cofwmn

(Vaparization Chambar)

_'I_._

gl Ling

2 EHH Ol Slet/SletIess inlet Ofl
HIGIH PTVE G20t &2 S
s 2=l

e Lower thermal mass

e Rapid heating & cooling
capabilities

e Lower internal volume

e Multiple timing of split-vent &
heating cycles




Volatile Interface (Split mode)

Tatal flow
control

lep- - A

I —=
! T
I |
| |
I I Salenaid
! ! valve
Column EH = +
e | b———— 4 Split
pressure :
comtrolboop - - -----------------mma b vent

Flow sansar Septum purge regulator
Prassure E Proporional valve

SanEsor
—_

.
|| Frit block
WL || (prassure sensing line)

® Volatile Interface (VI)

SOHFL JIAL, DX SS9 ARZ2EH YA Ste2s 241
Purge & Trap, Headspace & AerotrapS 1t GCeF HZ35IH Al

B0 A2 U XN HIEH0 BZE HSotH S&2Z2 02 M- 26
2 4 Q= BAEQ| UL E5], HI2H AT Silcosteel2 Al g



Volatile Interface (Splitless mode)

Total flow
cantrol
r - fmpa
| 1
Carrler
supply

Solanoid
valhva
clased
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Split vent
Flow safaor Seplum purge Ta detectar
requlator
Prassure E Proportional
= 3ENs0r valve
||E| Frit black
L& || {pressure sansing line)
= X Ol __rl H | )
A | IT T &= 117
NEez=g32 E=k= FY2CE NS AE ZEFdH HI
%X\j % g d2F 2ded
Packed / A A EEY
acke 1/8 & 1/4-inch ma ny
Split ss NZol A8
ool 2o
Split/ DM Pulsed split sk ES
Splitless 0.1-0.53 mm Splitless M=o
e Edy
Pulsed splitless Hs&
coc | 2HmzE / HMS= | mzrazo | Az =,
o ol 2 5
0.25-0.53 mm e SOoZEA z EELEE
Capillary Split, Pused D= | 220
PTV SAMZ2EY
i =
0.1-0.53 mm Splitless, Pused NsE Mz Ao
Solvent vent Nsx =3 Crar =9
. M 2H2 | Dead volume
Direct NsT ; 0| JIE ®e
Vi SAH2ZE Max. total
0.25-0.53 mm Split =ss A0 AY flow = 100
mL/min
Splitless Ns= A A
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A= =

o =2 o
o X =
» 5F

-HENH HE =57
Packed column
Capillary column
-VEY BRI OE ==
GSC (Gas-Solid Chromatography)
GLC (Gas-Liquid Chromatography)

@ Column
SEHAEE 22U HUNHEOR 22| A= ROZ2 N2 H4EES SUEOZ 22/AI1D| AdM=
NS Z28 W DA 3&A gtz Neot 282 & &olloF 8ttt
ANl 240 28t AHO HE2 A2 & 240l 6l d&229 ststAd & & (Polarity) F 2 H Dt
QLY.
22 UBINMOZ NHAQ ST 2 MHS LotH, GLCH 201 DHAQ i L0 = 02
X Xlotd = DMXIXIHM DEXIS 2I0I8tHCH.
- 2o EYU2 A2 222 X'X*K*OE o3l Mg, & AFAMS 2= 8BIIZ2A4 02l 0S4
JIMe SE2 2tUiste St Z A2 % ot= 240l Br&2l6tn, 221 O MHol= OtRe &
2 0IXIXlI &0t0F 8CH OB =2, 2= 9 ?T I &2 D=8t Bl &4 (inert)0l 010k &L} S0, 20|
ol H22 2456t 1] ot HLE mercaptanst 20| 40| =2 220 2loff T2 12l ZE (tailing)
A BIME 2R FYU2 BIEA HIZH0I00F S0 2H2 2o 2= 8 4l fused
silica)Jt Jt& = &stHct
- M
;25 - e, AHoldA AE, dR0|Is S
Fel&#2 Amines, Terpenes & AHZ0IE S EHSO0ILE E22 o122 012 SE22 E24H0
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Column
(Packed : Capillary)

% Packed Column % Capillary Column
« LHZO0l 31 201t « LHZOl &1 201t
B C 2 CF.
- 22Xl 20l 3 - N2 X2l 0l &
Ct Ct.
- 2 2els - FlHH 2els

@ Packed Column

- 248 Packed Columnel 21& & 1/8 inch £= 1/4inch 0IH, 203 ~ 10 ft 8%
Ol 210l 2&0110 CHOH 1 ft & 300 ~ 10002 O|EE=E =L

(m] Capillary Column

— Capillary Column2 &2 & 0.1 ~ 0.53 mm 0], Of LHE U DR &2 &2
HAIOl LA M UL

- 38 ZEUHOUA S0t He LOLA &Il 20 Z0I1E S 2H & = U2
(10 ~ 100m), Ol0f et =& BHHC OIEE 5 H= ZEE ULH &, FLE = U=

NZ2 %2 OHS X 0f0F &t

i

-
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' A ‘ Capillary Column
"IJ

ﬂ | hum
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|| : oy | f" (| | Packed Column
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S50 i,
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Chromatograms of Calmus oil

(w] Capillary Column 1t Packed Column 22 QI8 E &4 8t ChromatogramO|H Packed

Columnl 22 24 U4 2Z22 22JF Hel 02 XX 2= gHH, Capillary Column&l

dR= dole 42212 220t A MM UCH et S&0H DA ot HASEE29 =

o 2Rl 22 Z2R20 = Packed Column E&0| Jisoll, E4UIAZ20| X2 20 =
T2 SAAIEZZ S

Capillary column=s AIE5tH 22l &

ron

m X[ HO| Column MEAl &
- 2T 0| SFAf
- 249 M2 & Bt



Column : Packed Column

© 'y
o]
Conventional o
Packed and Bead
. Porous
Micro Packed Layer Bead Column

W Porous Layer Bead : T4 X, 20l (4 i Y= &
Bead Column : 72¥0| 8le &

m DHAC BEZ
— Methyl Silicone
— Molecular Sieve : Molecular Sieve 5A, Molecular Sieve 13X &

— Porous polymer : Porapak, Chromosorb, Haysep s
- Ch& 8t special packing Jts



Column : Capillary Column

Q@

Porous Wall
Layer Open Coated
Tube Open Tube

m 28 42|29 Fused silica) & 2| Capillay Column0lls SIHAI TypeOl QUCH
1.

Porous Layer Open Tubular(PLOT) 2 &
S8 = DMIAERSl DA AH(Solid staionary phase)0l 2EE 21010, JIM A2 240 =2
A EICH

(ex : HP—PLOT AI203 «8”, “M” & «“KCI”, HP-PLOT Molesieve A, HP-PLOT Q)
2. Wall Coated Open Tubular(WCOT) 2 &

CHIEHO Sl LYl HAe] DA AH(Liguid staionary phase)2 2E 8t 21010, JIH 22 0FE N
H | 240lA JIE 2Bt O2 AF2E 1D UL

(ex : HP-1, HP-5, HP-INNOWAX S)

m D9 FF

1. Polysiloxanes

;B X091 Siloxane backbone R E Ot D& LBtEOl NHACZ IR &HEGH] ALNGHH, 2
COF CHBICE.
Silicone atom®| 2Jt Xl Functional group®il et 2 D™ A & 40| &0[ai& (methyl, phenyl,

cyanopropyl, trifluoropropyl)
2. Polyethylene glycols
— Column name : Wax, FFAP S

- Polysiloxane 20t XAz A E0HE6tD A
o]
o

I
|0
Hu
AC
o
o
&
o
H
i
>

X 2. o

ol

3. Porous Polymer (Gas Solid)
- PLOT 2822 Gas-Solid Adsorption/Desorption processtl 2ol A 22l = 04, Hydrocarbon,
Sulfur gases, Noble & Permanent gases®t low b.p2| solvent &0l =& .



Capillary Column for High Resolution GC System

(w] Capillary Column =& : Tubing + Stationary Phase
— Tubing : fused silica or stainless steel

— Protective material : polyimide coating

— Stationary phase : polymer or porous particles

W Fused Silica
— High purity synthetic quartz
2|2 : Polyimide coating
Standard (max temp. : 360 C/ High temp. : 400 C)
- LHE : Silylation process

(m] Stainless steel
— High temperature column



Carefully Cut the Column End !!!

Improperly Cut Column Properly Cut Column
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Column
(GSC : GLC)

- Ols&: JIA « Ols4: JIA
- JEY - DY AN

- tsd g - DMK XA+ B4
- =l L ER - =cl: 2

® GSC (Gas Solid Chromatography)

FZ2 A20M RIIJIALE L2 S2XEo Etsl=AS S0 2o 2elot=dl AFZS S0 1
Ao B4 ZH 2= Charcoal, Silica gel, Synthetic zeolite, Molecular Sieve, Porous
Polymer 0| ULk,

@ GLC (Gas Liguid Chromatography)
DM XIXA Hatol =EXNHE L2 REAZ DEAMN 24A0A SA O 2410 2ol =
cletCh Sl AFE S0 UGl 2 A2 X0|C.



Gas Solid Chromatography

» Packed Column

Carrier Gas === © @ © ©®_©
@ 0 0 0
000006

* Capillary Column

Absorbent Packing(GSC)

oo
*Porous
ofRERERE * Large Surface Area

Carrier Gas == => =

m DEAMS ER
1. Activated Charcoal

» CgIt X2l Hydrocarbon, Light Gas, Permanent Gas &4 Al AFE&tCH,
2. Molecular Sieves

 AM RS A0 et 222 22lot=0 2 40IHL =4det &€ = U
SEZAIIIMH, &0l EO0|otCH.

; H,, O,, N, CH,, CO, C,H, S =cl&tlh.

; Molecular Sieve bA, 13X
3. Porous Polymer

24 NESH0 220, 22X 20 KT 22|t JhsotLt.

; Porapak, Chromosorb, Hayesep =
4. Tenax

; Amines, Alcohols, Aldehydes, Ketones, Aromatic Compounds =¢cl

rr
HI
o
]}



Gas Liquid Chromatography

» Packed Column

. ® ® ® O
Carrier Gas = => = ".......
[CHMCMONMONCN

- Solid Support :
- Capillary Column porous with high
surface area

]
' Bl Liquid
1

Phase

@ Solid Support (2 XI XA
2 otol AF s HAYSE X

) |
o stet ™ RF0IL EAAESS otk H= HIZ2H2 28HE N XS ALSSEHHL

Ol #10 2&D 3Bz a2 £= AE M AFESHCH

— Chromosorb P (Pore Size : 2 um) : 82O 2 Chromosorb W ECH 2106t EHAQ| 2 2HH
O S| Aot =4 SHE20 UiolA 28 E=2 LIEILHE2Z Hydrocarbon ot HI= 4 SHEE
240 SU=O0|CH

- Chromosorb T @ 2, Hydrazine, SO,, Halogen It 20| 240 31 IS 40| 28t st&22 2l
Ol AFZ2ECH 2218 80] £X XOD2 HIEH TH0| 228t L0 2 AFZEHC

— Chromosorb W (Pore Size : 9 um) : A XJ| &0 EHAQ| ML EH S=24H0| HUA =24
S 2 Z2l0l AFESICH 3110 242t 222|402 2 M- AIZU= S X EGHCT.

FGCOll AF28tCEH Liquid Phase & £&56| &8R& £ USH

— Chromosorb A: Ui EFHE <&t
ANGH CHRI| AU HH S&2E2

G
22 3K L

(m] Treated Solid Support

Chromosorb EEHS| DA X XM= F=HZ0| AtSH 122 ZH0 Si-OH JI& 2H .
24 ANZEA2A=E =2 220 Tailing &2 22322 012 2K S| fId EHSE H&4
Xclotod ArZEHCE.

m Liquid Phase (244})

NE 528 =2+ A= S0HO0IN0F otH, AISEE0 Uioll CHE SHAI=E X112, 250l CHol
OIEN U 2 20N SE &N 9HES0| A0 0F S0t R0 HaAol 22l otJ| fldl
AN HAIS] REJF AR A2E9| ststAd X2 Hi==allOF o, OV—-1(Polymethyl Siloxane),
DC710(Polymethylphenyl Siloxane), Carbowax 20M(Polyethylene Glycol), DEG
adipate(Diethylene Glycol Adipate)S 0l D& Z & 26tH A =ICH

rr
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Capillary Column2| i &4
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Phase Polarity Chart

Mempolir M0
Ulira 1
HP-5 Trace ":i“:mm
Ansiycls RS rage
Lok
Uira 2
Wediun Foar| | ST
HPEZE T3l
HPIOG
HP-35
[ AT
_| | HRs0+
HP-E0E HP-17
1,000
Capillary 15
Fhase HPZ2h
—{ 2.000
T e e
HP-BI0
HP-IHROWaz
g HP-FEAF
Semi- HP-Wax
wolakiles,
Prsticides
= 3,000

Column Selection Guide

Phase J&W Capillaries
100% Methyl

Packed: OV-1, OV-101, 5P-2100, DC-200, UC-W982, 5 96, CI5il 5,56-50  DB™1, DB™1ht
Capillary: FIP-1, HP-101, Ultra-l, SPE-1, CP-5il 5CB, RSL-150, RSL-160,

Rix-1, BP-1, CB-1, OV-1, PE-1, 007-1{MS), SP-2100, SE-30

5% Phenyl - 95% Methyl
Packed:
Capillary:

35% Phenyl - 65% Methyl
Packed: -
Capillary:

50% Phenyl - 50% Methyl
Packed:
Capillary:

6% Cyanopropylphenyl = 34% Mathyl
Packed: —

Capillary: Fbe-1300, CP-624

14% Cyanopropylphenyl - 86% Methyl
Packedz OV-1701

Capillary:
PE-1701, 007-1701

V-3, OW-73, Dexsil 300, Flusrolube, CF-5il §

HP-5, Ultra-2, SPB-5, CP-5il 5CB, RSL-200, Rte-5, BP-5, CB-5,
OV-5, PE-5, 007-2(MPS-5), SE-52, SE-54, XTI-5, PTE-5, HI-5MS

Rtx-35, SPB-35, AT-35, Sup-Herb

OV-17, OV-11, OV-22, SP-2050, DC-710
HP-17, RSL-300, Rex-50, PE-17, D0F-17(MPS-500, SP-2250, HP-50+

SPB-7, CP-5il 19CE, Rex-1701, BP-10, CB-1701, OV-1701,

DB"-5, DB™-5ms,

DB"-5ht,

DB™-5.625

DB™-35

DB™-17, DB™- 17ht

DE"-1301

DB*-1701

B TR
;

|
2! 1‘& sl

Filrm Thickness, pm

005

>0 E"IE
b

Wl L L

Chromatograms of gasoline on capillary
column with varying on film thickness




Resolution Example

10.59 10,77 10,59 ! 10.F7 10.59 10.83
wy = 0,126 min wh = 0071 min wy, = 0.071 min
B =084 R =1 B =149
% =50 o= 1 % = 100
30-meter 60-meter
E lt:umeslﬂ
3. 2faylenal
b
i 5 dalm
L]
13 3d-slennl |
$7B 1 ‘ .
e I | 6 78 1812 ‘s
4".| ‘ P i st ol \
e el _“ M e e
i wmE ooe e e e

Longer columns provide better resolution




Column Conditioning

¢ Thermal Conditioning

— Columns & &
: detector FE2 HAZ0MX| ¥S.
X g5t Carrier FlowE £ &L

MG et 2% 2 conditioning (10 — 12 AlZ})

- o c

HEE-30%(1~2A12H

]

505 (1~2A12H) 2352

Column Conditioning

After overnight conditioning at the
colunny’'s maxinnom ltemperahure

Before Conditioning

— J __y'/ e | =
s I : I j‘.r‘ - I ; 1.1| ' 3 -2" l:_t l_:r- I_Z‘_i

0 i in 15 bl 3y 35 ] i

Column conditioning is essential like idling for car!




Detector




Detector

¢ Detector® &
— TCD: Thermal Conductivity Detector
— FID : Flame lonization Detector
— ECD: Electron Capture Detector
— NPD: Nitrogen Phosphorous Detector
— FPD: Flame Photometric Detector

— MSD: Mass Selective Detector

w AZ=D| (Detector)
2H

o=z 2H Eele HEY =S HdEot0 &IIHQ MS =2 B AD|I=
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TCD pneumatics (Epc)

Went
Makeup and

reference gas in

Filter
frit

Referenc

Proportional  Pressum 3"‘-:.:?:219
valves sensors  Hestrictors ——— g r
- 1 —
[ W Fuu 1 1
alline it
Pessure ]
e
control loops
Ilakeup flow

R

m] 2+ 2toI2 & M M 2 restrictorE & & & = proportional valveldt YN EXE2Z flow
oF ZE S

W STFLAHUY
— Reference gas : 15 — 60 m¢/min (20 m¢/min)
- Make—up : 5 - 15 m¢/min (10 m¢/min)



TCD pneumatics (Non-EPC)

Vent

Pressure | R fere!

mgulators On off_ swilching
s0knoid valva
valves Rostrictirs e e -

Reference gas

1

|
Iakeup gas I:EH—E—M TlakeLp fow

NOY

=& = 0f (Application) — TCD

Noble/Permanent Gases
v Ne, Ar, O,, N,, CO

YR U HR5tE 2
v MHIIA 2
2 4 5F 1. He

v BRtA 24 . 2.4,
3.0,
4.N,
5. Methane
6.CO

L

T T T T T T T T T

J

T

20 30 40 50 60 70 80 90 100 110 120
Retention Time in Second




F|D(Flame lonization Detector)

Collector
Assembly

Air

"2 | Ii Jet

@ FID (Flame lonization Detector) : 2 Z20/23 2 &7|
- el H/AIro 2ol S 8E S2Z20M A2t AAEH
29 sZ 0l HlaotH 87 580| Hat =L

AEEE Jetel It #2), H, & Air Inlet, FID

&olE @ 0/=20] 4%H, O

_,_

- RX et (BEY SFO Met

Collector Assembly
; Packed Column & Jet : 0.018 inch I.D (Agilent P/N : 18710-20119)
;  Capillary Column & Jet : 0.011 inch I.D (Agilent P/N : 19244-80560)
— Sensitivity : (HE2=2| st8H=0ll CHoll TCD2l 2F 1034 A= 2 & 0F =L},
£ M4ol= ste2tt 48

oo

— Selectivity : H,/Air0ll 218t 2Z20IAM BN MoIE © 02

A Ql= MENRO| 4=

- FIDOIAN 22
H,0, NH,...

£ X &= A2 : Rare Gas (H,, Ar), N,, NO,, CO, CCl,, CO,, CS,, O,,



FID pneumatics Erc)

Vel

Filter Proportional Pressure

frits vakes EN30rs  Restrictors
. 1 .y
Airin | PS5 |
Pressura —

E o o

440 RS HE Y HEINQ AT YFS T R ULE LA0INS BI|S RS $40
STBCOIATI S50 B2E 20 SCH 0S4 A0 R20| BFOY FHaHDH MR =X
Q= A USH Olls £40 KBS X2 ZIIAZI0L YBHO2 FHBA AIBE & A= 24
U BJ|o| RTS ST 2O0 220l A SN AMM £49% B9 HIBS 8- 12% (F2

10% 8 )8 KXot 210l EL06HC.

- H, flow : 35 =40m¢/min (40 m¢/min)

- Air flow : 350 — 400 m¢/min (450 m¢/min)

— Make—up gas : Capillary column 2 S1tst flow St 2= HEJ(12 EHZ2 U M2 = S0 A, bl
o .

HA= BEINQ EXE HAF= AEE otls A2 FE2 W 15 - 25 w/min2E 8F&H

o o

A

m FID AIS 28

- dEJ| 2% 150T Ol&UHAM 2 Z0| H3tE

- FID BatE Xl 2= Check Atg

M H, & Airel 921 HI8

@ Jeto| It& L= 248 (H, Flow)

@ Ignitor &4t

@ Detector Contamination (Collector, Jet)
o

- ZEH0AN REHE H20L REHE Al S2 ZEI0 BH S0 22 2aA2UC0H



FID pneumatics (non-erc)

wient

on'off
solenoid
valves Restrictors r
. . | | 1
Aipin | u /A
— i

Hyin [

Fressum
requlator

Fakeup in

m] Packed Column 2| 20E 0l HE 2N &5
— 1/8 inch Column (Stainless Steel Column) : 30 m¢/min
- 1/8 inch Column (Glass Column) : 50 — 60 m/min

m] Packed column E2= 8 X2 Make—up gasE AtEZ0otAl Z=C.



=& = O0F (Applications) - FID

b k=)
OTT

Pas |

=< T

al

v' Gasoline, Kerosene , SIMDIS

v Impurity in Solvents

3} &t (Chemical/Industrial)
v' Aromatics
v" Alcohol

NE

U

S M

v’ Fatty Acid Methyl Esters (FAME)
v" Wine, Fragrance

23

= 3t8t 24 (Hydrocarbon Process)

v Polyunclear Aromatic Hydrocarbons (PAH)

FID =4

Aromatic solvents

A20t&E 18 O[Al :

1 heptane

2 cyclohexane
3 nonane

4 benzene

5 toluene

6 1,4-dioxane
7 undecane

i

8 ethylbenzene
9 p-xylene

10 m-xylene

11 cumene

12 o-xylene

13 propylbenzene
14 p-ethyltoluene

15 m-ethyltoluene
16 t-butylbenzene*
17 s—butylbenzene
18 styrene

19 tridecane

20 psuedocumene
21 cyclohexanone

22 diethylbenzene isomer
23 diethylbenzene isomer
24 n—-butylbenzene

25 a—-methylstyrene

26 phenylacetylene

27 durene




ECD(EIectron Capture Detector)

@ ECD (Electron Capture Detector) : 8 X} Z &
- &g

— GIAMS SRR A (B3 NI 2T B LR MA (High Energy)

- B €KX + 0|4 Gas 2 Electron

- CX + e~ — CX + Energy

- dXELE SIS S(EZAAAE ZEH6
— Sensitivity : Jt& 0128t 2EIJI2 M 1 pgl &2 2NHX
— Selectivity : Halogen &4 (F, CI, Br, )2 J}&l &S0
Z0 ]I SAH s4E240 == 0|=E 0.

-2 EXHUA ECD 242 olJ| o= 0ls4 JbA L
HAXGHOF BHCH. (2= 99.9995 % 0] 4t)

M
)



ECD pneumatics &rc)

Pressum

Filter  Proportional
3ENs0rs Restrictors

A noule frit valves
purge and
makeup gas

in

Anode
puroe
6 at/min

Went

B3y plating

60 wt/min
Makeup

Capillary adapter

m Anode gas purges= dE|2 FI2ZS AHFE2=M A=012 LE S x4 T
W ECD SystemO| @& &= A< (Signal Value > 100)

- &9
® 28N HSHEX
(@ Z& Conditioning0l
@&EEINQ 2«
@ZY, FUP 229 2 Septum Bleed
® Leak

® Anode Insulation Leakage
- 84 A=D|2 Dynamic rangeE 2 0B el 12, Output Signaltil Noisedt &l &t
0 Ct. (Detector temp. : 300 — 350 C)

— Thermal Conditionings 02l Al2tS

2
iz
=
fon

] ECD AFZ Al =2 ALE

- D=2 2ED|MNE AMSEHC (2HY =20ILE 0,82 LEE0| EREHNH U= 220= 2L
MY HAE A= ZR0F AULH)

- BtEAl 245610 & 238 Conditioning 2 &&0| ot] ALSStCE.

- JIA ARIHOIA GC 2XM 2 ¢Z3t= Tubing AFOI0I BFE Al Conditioning & Moisture Trap 2t
Oxygen Trap2 &= &tCH



ECD pneumatics (non-erc)

Pressure
regulator

Anode

purge and
makeup
gas in

onloff
solenoid
valve

Resirictors
—1

anloff
solenoid
valve

Restrictors
I 1

=l

By plating

Capillary adapter

Capillary Column

<ggt ECD>

Detection
Zone

Fused Silica Insert

Capillary Column

<0t0l3 =2 ECD>

Micro-ECD2| €&
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N PD(Nitrogen Phosphorous Detector)

NPD Collector
Assembly

Ceramic seals I ,1

NPD Collector

Active Element \

Air
Jet

Air Inlet

Collector
Hz Inlet

H, + Makeup Jet
. i Sensor
| Heater
6890 |

@ NPD (Nitrogen Phosphorous Detector) : A0l HA&7D|
— &2l : Thermoionic Detector &£ = Alkali Flame Detector2t 2= =2l = NPD=
Active Element (Rubidium Salt2 Coatlng T /A= Alumina Cyllnder) b XUI&*(NPD
Bead Power)22 JISEH2ZM H, 2 Air0ll 25t 22 &4 OFEP =Z2 FID ECF &

old n—Hydrocarbon 0| 23tE X * OIS, RIIstE
= e 2SS AEEOZ 0|23 A7 0l Halole &It

- X FID2 R AFGHIH Collector 2 JetE JHAI L RULCH.

— Sensitivity
;NS &R®otld U= 7IEE 1 0.4-10 pg
£ gRotl Y= RIl=&E=:0.1-1pg
- Selectl vity : 2 A% 0l LEtst 40t MEMO 2 0|23 otH RIIUH s4FR E4

ol 20l sE&td

A



NPD pneumatics &rc)

Wt
Filter ~ Proportional  Pressume .
valves SENS0rS Restrictars
Airin ] } Electrically
heatad
ressur hesil

comntrol loo

m NPD Al 2t
— Detector Gas
; H2 flow : 3 m¢/min (Max. flow : 5 m¢/min)
; Air flow © 60 m¢/min
- AF2F :250C 0lat
— Adjust offset : 30-60 pA
- Alkali salt =&, 25 &4, EPC Module 2& 2 X|I| ?I6t0 Bt= Al Gas Purification
System &=

@ NPD2| Active ElementE I8z IS == X
— Electrical Power (or Mechanical Counter, NPD Bead Power)

(m] NPD Bead Power
— Agilent 5890 GC Operation Power Range : 400 — 900
— Agilent 6890 GC Operation Bead Voltage Range : 0 — 4.095

m Alkali salt(Bead)2l #=2& A& H ?

- ZclJts8t =Wl M, Adjust offset & H & &
- ANE 3H E AE

- &2t AtE SEAl BE012 20t E Capping

- 20l =2 M AlI0l= Thermal Cleaning &tCt.

f



NPD pneumatics (non-erc)

et

Onloff
s olenaid
vales

Restrictors

Electrically
heated head

Airin

Pressure
meq ulator

IMakeup in

T7-JN-150% 1803

File: RPEHG0 GG Data. GLA_URI799 05.d Trij. Dates

New bead
Installed NPD

EELET

L silleailsies :

a 1o’ 11 1z 15 14 (L e T 13 £ IR 23

Hin
File7 HPSE3C GC Oata, GLE_GEZEs3_0z,d Trj. Oates [O-JN-159% 13718

6 Bead
Contaminated
i NPD ‘ ‘

T x10°5)

EEPEEEIEREE TR

o
-o
-
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= :
g 1o 11 1z 1z 14 is 16 v s 13 20 Z1 2z 23




4 & Dt Xl Detector2l § &
Type 28 see S;”:r:g‘gty ad IR
FID g | H/AIr 2R0IA Ol23 10 - 100 pg 10(x7) HeorN,
= ]Ilstg=s 10 ppb - 99% Make up (H,, Air)
10D U | EEIHe EREE 5-100 ng 10(*6) He
X010t U= RIS | 10 pom - 100% (H, 24 A N,)
L-ECD s g;{g;—gn% st O‘Ogi;tél_ofiog 10(+4) N,
NPD S N. P28 RJlsie= 10 SbL:11%ggr)pm 1o Make U'L;'(?Hg, Air)
(39Ffﬁm) S |SE& RIIEE 10 ;gt;j ?%opgpm o Makgﬁpor(l-ll\l:, Air)
(5§6P2m) s |pza sisss 1 ;;Q? 09 10(+3) Makgﬁpor(:lf Ain
AED L |79 es soises 0.1~ 20 pg/sec 10(x4) He or N,
(2adg A=) (A=A WT@et) Reagent gases
W] Detector2| E4
- 2E (Response) : AIZ0ll 2o MAHLI=E Al
- 2% (Sensitivity) : AlZ22] 2t 2E CIOIEHE plot 6t LiEILI=E & & D20
- e A (Selectivity) : 2010t 2 4= U= 329 B
; Universal : ZE 22 2H 22T LheeE He S=eEEs 42
; Selective : SHEAA, SIS0 2 L HISIISSH 2Adi 2=
- & d HY (Linera Range) : ME22 2H(sX) vs 280 N2 0|R= H4
- EEII HEHEOZ BtEolX Ze K0l
; AE0(0¢ &%EIE SclHQ el S ALY
ANZ2S sEJHR HMH EEBI1JF 23 HL
- 280Xt (Response Factor)
AI22AY I32e HA
 RE & HRAWAM 220l &I Xl= &=Lt




H = j | Bl D C Ij I
o= =2 O L _m_
| 7cD
I
| . FID
1
| u-ECD |
I
l ECD
NPD (N) |
I
| FPD (S) |
1
| FPD (P) |
I
10715 10-12 1079 1076 1078 grams
fg pg ng ug mg
1 ppt 1 ppb 1 ppm 0.1% 100%
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