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F Ph |
or Gas Phase Sample Gas Chromatography (GC-TCD, GC-FID)
(Volatile Sample)

For Liquid Phase Sample
(Non-Volatile Sample) Liquid Chromatography (LC-UV, LC-DAD)

For lonic Contaminants lon Chromatography (IC-RI, IC-CAD)

For Metal Components Inductive Coupling Plasma (ICP-OES)
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« GCEDFE; ®is, AHAE
- LG EDTE; EBE ) MK ZEE ; 2Y) (FERHE - FFEREE - BARTE)

BOTH LC-MS/MS

Silicane derivatives
Essential oils
Esters

Perfumes

Terpenes

Paraffins

Volatiles
Carotenoids
Flavonoids
Fararins

Volatiles
Carotenoids
Flavonoids

Low polarity High polarity

. ThermoFisher
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TRACE 1300 Series GC — 1300/ 1310

TRACE 1310 GC; TRACE 1300 GC:
i ERmTH - RHAEBRHE AEABENEE{CARA PR |
B {E =S =l Ih BE - 2 buttons & 4 LEDs




BE401EGC/ "BliSEERE (instant connect)”

X5 O BE | 315 48
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Pneumatic control

Electronic boards Proportional solenoid
valves for gas control
Inlet/ detector -~ S .
body

Specific electronic
control boards

Pneumatic manifold

Inlet body heater and
Insulation

Column connection
(inside the oven)

GC oven
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1RAEIEGC / JE S

- SSL (Split/Splitless, 733 A 53 ¥); SSLBKF
- PTV (Programmable temperature vaporizer, ol £ ;8;¥ 54 ); PTVBKF
« GSV (Gas sampling valve, R ESHEXRR)

Florida standard mix C8-C40, 10 ppm

hporsrenesiontind - #®BAZA (Universal)

=y —— = ™1 ™ e
a0 — = — =

- RBAEEMIE (Free from discrimination)

- |[ECREIRS21THIRM (Repeatability)

N 0 C oM oM M W

- RHAL  REES

Instant Connect-SSL free from discrimination:
Hydrocarbon Florida mix % recovery versus G,
average of 20 injections.

=+=TR130055L

- }%E&H (Septa) KZE B%;II-]J. Ew TR0

IEC: Integrated Electronic Control

Instant Connect-SSL injector
temperature profile.

SSL

0 i
:I Ej‘ D : 'ﬂ-ﬁ\ﬁ 010 150 00 /0 300 30 40
, /m ‘z ‘ 8L temperature (°C)
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TCD

FPD

NPD

ECD

FID

1ISQ

TSQ8000EVO
Orbitrap

GC
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Chromatography history-/& 17 7> Bt [R I

In 1903, Mikhail Twett, a Russian botanic,
realized the first chromatography experiment

The word Chromatography is derived from greek chroma, which
means "color", and graphein, which means "to write"

Plant Extract (

in Solvent

Colored
“Bands” ——

N\
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BATHBITH

- A IFE(RT)
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IEm RS (HETP)

« HETP: Height equivalent of theoretical plates or plate height

At Transport through the mobile Theoretical plates
™™ phase (gas or liquid) HETP

, 0070 )\

—— Column length =< —
\ Substance exchange ? Stationary phase Zone }[dete-:tor}

Zone (Beginning of column) (liquid or solid) peak
{1 component)

erp IH o=

Retention time

signal

o
H = L L = length of column (mm) Nih (3) = 2000 ﬁ
N N = number of theoretical plates | ’;H$\M_
s . =
ThermoFisher
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(A) ZEEE(Multiple paths, Eddy diffusion)

QSRR LIS S5 RIS 03

USROG/
OSHSIOS IR N

-~1ed,

@

(B) 4t [a#E &L (Longitudinal diffusion)

(C) ¥1& 5/ (Equilibration time, mass transfer)

Mobile

A =2Ad(d,: particle diameter)

GC:A=0

B =2D,, (D,,:diffusion coefficient )

C=C.+C,
(C4: the rate of mass transfer through stationary phase)
(C,,: the rate of mass transfer through mobile phase)

EHNE - FHEE

h Direction
pnase " of elution
Stationary
phase
fe———
Bandwidth
Slow
equilibration (Cu)
Bandwidth

21 after some
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h A Van Deemter curve

C: 3 187 B55 ]
Proportion of substance exchange
phenomena

B: it [ & BY

Proportion of longitudinal diffusion

h minimal
< :
1

P
|

AZEREE
Proportion of Eddy diffusion and flow
distribution at band broadening

u optimal U o]

H=A+B/u+ C*u (u: %ﬁ't’:t;ﬁﬁ)

H=L/N

22




SE RIS 4R (Van Deemter curve) / 148 4H AU 2 &

N2
He
I —
H2
— St
I | I I I | |
Average Linear Velocity
Column Inner Diameter (mm)
Characteristic 0.10 0.15 0.18 0.25 0.32 0.53
Nitrogen flow (mL/min) 0.2 0.3 0.3 0.4 0.6 0.9
Helium flow (mL/min) 0.6 0.8 1.0 14 18 3.0
Hydrogen flow (mL/min) 0.7 11 13 1.8 23 37
Sample loading capacity (ng) 25 10 20 50 125 500
Theoretical plates/meter 11,000 7,000 6,000 4,000 3,000 2,000

Note: Flows listed are for maximum efficiency. Sample loading capacities are estimates only. Actual sample loading capacity varies with film thickness and analyte.

23 ThermoFisher
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1 K
R= 2/ NX{jeq ) x (1

A measure of Efficiency. A measure of Retention. A measure of Peak Separation.
This term is affected by: This term is affected by: This term is affected by:

 Length
« Inner diameter

- Carrier gas type and
linear velocity

N 4

» Inner diameter
« Film thickness
» Temperature

- Stationary phase composition
« Temperature

N = L/H = Effective theoretical plate number k = Retention factor

L = Column length o. = Separation factor
H = HETP = Height equivalent to a theoretical plate Baseline resolution (R = 1.5) is the goal.

04 ThermoFisher
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/% B8 Al F (retention factor) &2 77 8 K|+ (separation factor)

Signal st g7 .
4 Component 1 Component 2 /T EH ?- Component 1
tre i
- 5 , g trR—to
. B : k' = b - tO
:
[ A | 7 EtEF: component 1 and 2
A TR i
! o ;
: t '- | k Kz
i 5 =2 = K, > k)
: R2 k’i Kl

Sample injection
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Ratio of the peak heights
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TraceGOLD TG-5MS GC columns
The most widely used MS phase in gas chromatography

* Low polarity phase
» Low bleed for excellent signal-to-noise ratio, sensitivity and

mass spectral integrity NON-POLAR
d u L] = Exceptional inertness ideal for analysis of active compounds Phase: 5% dighanyl / B5% dimath palysilarare
L I ke d I s s O Ives I I ke = Equivalent to USP G27 phase Max. Temps. ﬁggﬁ?&mcmrnnmm
USP Listing: G627, G36

TraceGOLD TG-5MS GC columns

Film Thickness Applications:
ID (mm) Length (m) (pm) Cat. No. Quantity * Semlvolatiies

010 10 04 26008-0200 1 Each « Phanols
015 20 015 26088-2760 1 Each & i
0 015 260982940 1 Each

* Resldual soivents and solvent

0.18 20 018 26008-5780 1 Each oo
20 with 5m SafeGuard 0.18 26008-5785 1 Each .
0.25 15 0.25 260081300 1 Each Drugs of abuse
16 with 5m SafeGuard ~ 0.25 26008-1305 1 Cach * Pesticides
GC columns 30 0.2 26005-1420 1 Each * PCB cogeners
- 05 26098-2230 1 Each * Aroclor mixes
1.0 26008-2060 1 Cach

Parameters Affecting Resolution 30 with b SafeGuard 04 26008-0475 1 Each Similar to:

mm Selectivity | Performance Changes 025 20006:1325 4. Bach . Fm_sms.
: : . 80 0.5 260081540 1 Each
Column Langth {m) ‘/ Doubling column langth increases resolution by ~ 40% 05 PR0082350 1 Each * DB-5
Irtarnal Ciameater (mim) The sraller the column 10 the graater the efficiancy and better the resclution 10 26098'305_50 1 Each *HES
v v 032 B 10 260082850 1 Each * HP-5ms
" : - - - - - 30 0.25 26008-1480 1 Each « Ultra-2
Film Thickness {um) The thicker the film, the greater the retenticn, e.g. ideal for highly volatila 05 26008-2240 1 Each e
v compounds. 10 26008 2070 1 Each A
The thinner the film, the sharper the peaks and lower the blaed 30 with 6m SafeGuard  0.25 260081435 1 Each * Equity-5
Stationary Phasa Chamistry v Altaring the stationary phase can affect elution order and help separate closaly, &0 0.35 26008-1550 1 Each *GP-sl 8
or co-eluting peaks 0.5 26098-2360 1 Each
1.0 26008-3090 1 Each
Find out more at thermofisher.com/chromatographyconsumables
27



GC Capillary Column Structure

Choice of Column Dimensions

Polyimide coating
Provides strength to the fused
silica and temperature stability.

Fused silica tubing

Provides the column structure for
phase bonding; high temperature
resistance, low reactivity.

Column phase

The stationary phase. Provides
the separation. Commonly
comprised of Polysiloxane
compounds.

For example: 5% Phenyl Phase
TG-5MS 30 m x 0.25 mm x 0.25 ym

28
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. Polyimide Coating
ID (Internal Column Diameter): (Max Temp 360°C)

0.10, 0.18, 0.25, 0.32, 0.53 mm

Column Length:
10 to 100 m

d. (film thickness):
0.1t05.0 um

ThermoFisher
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GCEM / FBMHERE

Nonpolar e Polar

50% Ph | i
20% Diphenyl o Fheny 65% Diphenyl

Proprietary Polyethylene

Glycol
~ (Silarylene) yee
| Stabilwax®
' 5% Diphenyl ARivicE

Proprietary
(Silarylene) Proprietary Proprietary

Rxi®-6245il MS (Silarylene) (Silarylene)

Rxi®-5ms
Rxi®-5HT

920% +

Rtx®-5 T Rxi>-355ilMS | | Rxie-175il Ms Bis-Cyano
Rtx®-624 35% Diphenyl | 50% Diphenyl

Proprieta
100% i A L Rtx®-1301

Dimethyl

Rtx®-2330

14% Cyano

Rxi®-1ms
Rxi®-THT Proprietary
Rtx®-1

Trifluoropropyl 50% Cyano

Rtx®-200
Rtx®-200MS

Rtx®-1701

Rtx®-225

In general, maximum operating temperature decreases as polarity increases.
Note that silarylene columns typically differ in selectivity and have higher temperature limits than their conventional counterparts.

30 ThermoFisher
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R

- W42 58, TG-1MS, TG-5MS, TG-17

A& (1.D.):

-0.53 mm -> GC-FID -> 3 mL/min

-0.32mm -> GC-MS -> 1~3 mL/min
-0.25mm -> GC-MS -> 0.5~1.5 mL/min
EE:

- EmEA R E(capacity) « BE « 3% (bleeding)
RE:

- N o< +VL

Thermo

ST EMTIEFILL

l TG-5SILMS I

Length: 60m

1D 0.25mm

Film: 0.25pm

Max Temp: 320/350°C

Film Thickness (um)
D1 025 05 1 18 3

01] 20 100 50 25 14 8
025 625 250 126 63 35 21
032| 800 320 160 80 44 27
053 | 1325 530 265 133 74 44

Internal Diameter (mm)

Phase ratio:
Volatile, < 100
General, = 250
High M.W., > 400

31




GCEM / FBEIERT]

A HEIERE7]

1. 7B (Dispersion)

Functional Group Dispersion Dipole Hydrogen
Bonding
2. 11%*@(')“30'9) Methyl Strong None
= . Phenyl Strong None to Weak
3. & #2(Hydrogen bonding)
Cyanopropyl Strong Very Strong Moderate
Trifluoropropyl Strong Moderate Weak
PEG Strong Strong Moderate
V——3 sl
SERAVHEEE
Strength Compounds
Strong Alcohols, carboxylic acids, amines
Moderate Aldehydes, esters, ketones
Weak to None Hydrocarbons, halocarbons, ethers

32
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GCEM / FBEIERT]

7Y (Dispersion) — EZ81/EFH ]
1. PIENFHEEBIER - W BEWER (polysiloxane) B B, "2
(polyethylene glycol)

o] DI E R A E S M (volatility) % RS (boiling point) 2R F B 71 A/
BiER A O] DB B {F A3 L R HH R
= A FRoJERESMYERHELGRE/EEEIERE Y

= immn=22 230 °C - BERM O LUEREARE 7 EFHE D B
Himmn =22 < 10°C - FinMmpAET S UM R oI sEE s

v N

33 SCIENTIFIC



GCETE / G

PB4 [ oH = OB GHy o [ CHs -
1+0—sSi +0—si 0—Si
~  CH, - 100% " CH;  w% CeHs 5%
DB7 oy o -
T0—Si 0—Si
~ CH, 5%  CH. 50%
ThermoFisher
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GCEH /FHRIEAT

e

ST MYNIRFHEEA I EETSHENESEE £(-OH, -NH,)
Column: 15 m x 0.25 mm id, 0.25 pm 1. Toluene
2. Hexanol
T : g 2 ; 3. Phenol
2 4 6 4. Decane (Cyp)
DB-WAX l ] 3 DB-1 | J_l 5. Naphthalene
l I 6. Dodecane (Cy5)
s d" ................................... s S el
0 2 4 6 8 10 12 14 16 2 4 6 8 10 12 14 16
SR gl
- WAX - 100% dimethyl

4>1>6>2>5>73

1>2>3>4>5>6

35



GCEH / AE(1.D.)

Small ID
015mm-018mm [ 025mm-032mm

Characteristics

« Highest efficiency

- Shorter analysis time

« Lower sample loading capacity

Applications

+ Highly complex samples
« Fast GC

« GC-MS

- Splitinjection

Large ID

Characteristics

« High efficiency

» Good performance for analysis
time and sample loading capacity

Applications

« Complex samples

- Wide concentration range

- Split, splitless, direct, headspace,
and on-column injection

Characteristics

« Good efficiency

- Longer analysis time

« Higher sample loading capacity

« May require higher flow rates
than MS detectors can tolerate

Applications
« Packed column replacement
« Purity analysis

\_ L « Split, splitless, direct, headspace,
and on-column injection
As inner diameter increases, efficiency decreases, sample loading capacity )
increases, optimal flow rate increases, and analysis time increases.
36 ThermoFisher
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GCE™ / NE(.D.)

Column: DB-624,30m

N =58,700

_

0.53mm 1.D., 3.0 pm

1. 1,3-Dichlorobenzene
2. 1,4-Dichlorobenzene
Rg = 1.01
1
\ /2
N =107,250

N b

0.32mml.D., 1.8 pm

Column ID Theoretical
Diameter (mm) Plates/Meter
0.10 12,500

0.18 6,600

0.20 5,940

0.25 4,750

0.32 3,710

0.45 2,640

0.53 2,240

Maximum efficiency for a solute with k=5

37
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GCE™ / NE(.D.)

Inside Diameter Resolution Speed Capacity Ease

8 100 um Very good Very good Fair Fair

> 250 um Good Good Good Good

U 320 um

|*"-—'1 530 um Fair Good Very good Very good
ThermoFisher
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GCEM / FHEE

Thin Film Thick Film

0.10 um=0.50 pum 1.0 um-=10.0 pm

Characteristics Characteristics

- Shorter retention times « Longer retention times

- Lower bleed « Higher bleed

« Higher maximum temperatures « Lower maximum temperatures

« Lower sample loading capacity
« High resolution for high molecular weight compounds

Higher sample loading capacity
High resolution for volatiles and low molecular
weight compounds

Applications

Medium and high molecular weight compounds Applications
+ Volatile, low molecular weight compounds

+ High concentration samples
(e.g., purity testing)

As film thickness increases, retention, sample loading capacity,
and column bleed increase; whereas, maximum temperature decreases.

39 ThermoFisher
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GCEM / FHEE

Column: DB-1,30 m x 0.32 mm L.D.
Carrier: Helium at 38 cm/sec

Oven: 100 °C isothermal
[ 1
, 1.00
1 min 2.5 min
<—>ﬂ< >3T 0.25 pm
0 2 4 6 8
Time (min.) 1. n-Decane
1 2. n-Undecane
3. n-Dodecane
24.59
2
6 min 11 min
< >A< » 3 1.00 pm
I
o 5 10 15 20 25

Time (min.)

ThermoFisher
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GCEMR/EMNRE

Short Length Long Length

o Sl

\

Characteristics Characteristics Characteristics
- Good efficiency - Better efficiency - Best efficiency
- Short analysis times - Moderate analysis times - Longer analysis times
Applications Applications Applications
Samples with few More complex samples Very complex samples
compounds

py @ y @ J

Longer Columns Can Increase Resolution...
Doubling the column length only increases resolution by approximately 40% because the column
length is under the square root function in the efficiency term of the resolution equation.

But, Longer Columns Increase Cost and Analysis Time
On longer columns, analysis time is increased by as much as a factor of two.
Longer columns are also more expensive.

141
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GCER/ERRE

o No(\/f

R = 0.84 Rg=1.16
2.29 min 4.82 min

]

15 meters 30 meters

Rs =1.68
8.73 min

!

N

60 meters

42



[ N o< \/E

Column Length

Resolution  Speed

T ——

Short (_5—1 0 m)

e Slow

Moderate Hast

(

|

I

)

Medium (25-30m)

Good compromise.
good starting
point

43



GCHIBHT B AT / RAREFTE

SHE
&8 (Isothermal) Z
100
5
40
0[] €11 Fc12 ﬂc'ls =
ED 1 2 3 4 b & o 2 9 10 1 12 13 14 15
Isothermal
T G, 150°C
C
2 Co 14
=
=3
E sb= 20N
5 - ENEIGE
2 Inject
@
[ N 2 DA Ay
_p | VWA G i U . MERIETAR
0 5 10 15 20 25 30 525 50 55 : 9 95
(a) Time (min)
c1° C.“ c12 C13 C14 Programmed
temperature
‘[ 50°- 250°C at 8°/min
@
=
o
o
o
S
‘g‘ 20 C,,
B | N ~
o 1 | | 1
12 16 20 24 28 32 36
(b) Time (min) 50
300
- g
n s ° 150 ==
2. BFFR (Temperature programming) =
{:D 1 2 3 4 5 B 73 8 9 10 11 12 13 14 15 16 17 18 19 20
ThermoFisher

“ SCIENTIFIC



On-column Split/Splitless

45



GCERMERZEIR

o -

IR
1l
N

-‘E §-\Q 10N

z

31>
& (S5

75

@ o
L}

° ®co
o000
ooo0o

® C4f

Unaltered Altered

[ J
S
N
clllF
il
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BSIEHRR

Peak area normalized
for Cq4 (= 100%)

)
100 == - EORL T e == — — ——e=.== 3 On-column
75+ S == Hot needle
~ e Solvent flush
. S,
'\\ e Cold needle
50 L
\,
\,
~
25 ..
™ Filled needle
i ] | 1 i | | i i | .
9 12 16 20 26 32 36 40 44

C-Number of n-alkanes

47 ThermoFisher
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7 = AE

« 2ulsolution 1 ppb Endrin/DDT solution with ECD detector

[[[[[

B MM iy M

Good deactivation

55555

Degradation byproducts

rrrrr

Bad deactivation

48



ERBEI L 20/ A EST O (SSL injector)

ol [
—- l ’__', Additional
Septum € =3 _ t Septum =ia_‘ . Insulating
Purge L | Carrier Purge n Carrier
Split Line € =8¢ = SplitLine <= ==
Splitless
Liner
Splitting Point )
Injector : :
Chamber Lier
Carrier Capillary
Terminal Pathway Column Capillary
Fitting Column Column
AN\ / A=
71 (Split) A 535 (Splitless)
=
WMEn
49 ThermoFisher
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JE 51 2%-

v VAL s

;R (SSL)

it
| IZI—‘ 5
X fll—— - Purge
X = Carrier
i 6
Ll g —» Spit

1=Active Carbon Filter
2 = Active Carbon Filter
3 = Proportional Valve
4 = Pressure Sensor
5= Restrictor

6 = Restrictor

7 =DCC Module

3 . 5
[ ] |
: Purge

— K fi=—— — Purg
7] =

3

LAl - Carrier

3| A

1 = Active Carbon Filter
2 = Active Carbon Filter
3 = Proportional Valve
4 = Pressure Sensor

5 = Restrictor

6 = Restrictor

7 = DCC Module

= ~
B ¥ Spit ]

50
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5
l— — Purge

-s— Camier

L]
l—— — Spiit

1 = Active Carbon Filter
2 = Active Carbon Filter
3 = Proportional Valve
4 = Pressure Sensor

5 = Restrictor

6 = Restrictor

7 = DCC Module

2 ES Split injection

ESEmeERASNERARIBEEEAEDEm(AZS
FELOD) - ﬁ/ﬁﬁTiTULL—%/)ILE S AL R A
GCHYE M ELERHYI & Al g i o $2e il i B

AoiiES Splitless injection
SEmPNGABEZEEYMREEZELRER - 2RIE
HIREE LR EFBEANEER —EREEAEED
NEBRTTORESBAN A AREN TR PtE ATME
B A BRI Em

51
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4tk Split Ratio

?J\,ﬁl:t?ri%: D BT R B E A B A B E B Il R e
A

\\

© DIHEREHRBTRIEMNIKESTHNEBRERE
BRI E

« SRt R A 50:1 -~ 100:1 -~ 30:1....REK~

o {5 F:
o S FIZEHIRETE = 100 mL/min, B4E5R&E = 2 mL/min
o ikt =501 B2 KEY 2% IR REARIE RS

52



Septum Purge 5 mL/min

56 mL/min Carrier inlet pizizis
. s Split Vent 50 mL/min
Liner seal
Helium
_ 4 B b 28 PRI B N
Inlet liner — 14 £ %IJF'EJJE‘ AEHE
g PRIRE
1 mL/min ...... EAEFRZ=
53 ThermoFisher
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FIERRIR T

<) S =
_ [ L /-
: T = —& Purge
] 4
3
L
| | y
% ~— Carrier
e e
! L1 - Split
| 1 @ sp

1 = Active Carbon Filter
2 = Active Carbon Filter
3 = Proportional Valve TE A7 7 B B IR /88 B 0 o7k #22 l FER
4 = Pressure Sensor
5 = Restrictor |

6 = Restrictor
7 = DCC Module
| |

54 ThermoFisher
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90%

°
o
S
S

2
[7/]
=
©
S

s
>

2

£
c
©
3
T

- BERBINEIGETIE

- ”ri?ﬁ’]l%ﬁ
ERRAEIREE
* /f%ji( iFE)
- EEEmE
- EEOIREINET]

- EERADRKETEMENAEERE
Bl P FTREY 90% B EZLME RERmE

FEIERIRBSERL - AN - #ERERE 1.5 ml
7|‘§E/;|L X 1ml/min - A7 7B = 3.0 min :

1 min

v

time

55
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EEIE T / ZMIERE (Thermospray formation)

®

Needle
introduction

Needle

Liner

[

Separation
column

Thermospray formation (hot needle injection)

@

Needle
heating

Heated
needle

®

Injection

Aerosol

@

Vaporization

Vapour
cloud
i
WV

Transfer

®

Sample
(vapours)

56
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EEE T / RAeE (Liquid band formation)

Liquid band formation (cold needle injection)

@ @ © @

Needle g T
introduction Injection Vaporization Transfer

U_ Needle J

Glass wool

Sample
- - (vapours)

\

Separation
column

57



el A= B/ E 5T

400.000 % -
B ZhIERE
(A) EGIEHIIBERIZAT (0.1 5)
& e e o .
. (B) ZEF1#1NEFFETIETE (55)
2 _'-"..-".'-' =
100.000
1 number of measurement 40
400.000
= RS =
e () FELEEAE
g (B) BHEL
§ "i.'!"!'l"i-.i!-“..
)
100.000 40

1 number of measurement
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IARtE £ 59 75 TV BRI

== VEE

YIEY::
1. hL\EﬂIEﬂ%E’J =S ER (eu
2. HEHAAREHSHEMNHIEEY

THRIE:
1. BRFESMENGm  FRZEERNER/WER L
2. ARV ENSEERM

« EEHP—TE - WETHEL
« WRREBEMN
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EREI2 ERTR

A0 (PTV)

« Programmable Temperature Vaporizing injector

Septum
Carrier gas
inlet

Septum
purge line

——

—

7

FORCED AIR =>
COOLING

Splitting
line

OVEN

Column

Split valve
0
] ‘Closed  3q~ ! pen ICIosed
- g
350 ¢
PTV
250 +
QOven temperature
150 +
1 o Time
Injection

EEEEFORE
BRIENE SRR KE (mass discrimination)

R DT HIRIER )

Ol R Fr A% an &

Eixiata

> #% (thermal decomposition)

60
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AR E R ==

TR/ A AESR

SV

N

|

L PNy VL

|sothermal injection 280°

(e apinpaszy |l

1 2,3

1 TMS ester of n-tetracosanoic acid
2 n-triacontane
3 TMS ester of n-hexacosanoic acid

i

Injector programmed 130°, 100° per minute to 280°

61
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MR E R R E=

—— Bpipeak Estrone, m/z 270
100 —

90 - . 5
- SSL injector 12.35

70 — []
60 —
50

HO

B
o
]

30

20
10
0 —--—-—-HIMI “i—L——-uu L‘m——.—-——________—

100 - g

g No split 4 Estrone, m/z 270
80 —
5= PTV injector
60 -
50 —
40 -

‘V'

Relative Abundance (%)

30
20

10 —
o—A—M—‘—T_-A_A—T—L——T&IALIT“—_‘.-T‘-‘-M-‘T—I—d I“ &‘-‘-I‘i' ILL b l‘]

10.0 10.5 11.0 11.5 12.0 12.5 13.0 13.5 14.0 14.5 15.0 15.5 16.0
Time (min)

62 ThermoFisher
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AR E R ==

Volumes Volumes
ner [»  SSL4mmID spltiess lner |v  PTV(CT mode)2mm D
Liner part number: | n/a Lnerpat number | 45322044
Liner volume | 0.860 mL Liner volume [ 0380 mlL

e 1 Liner Volume
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ST EEER

64

LI ssL PTV
8 S IR E (Discrimination free) + ++
¥R mELER M A (Resistance to “dirty” matrices) ++ +++
BARBES Y (Compatibility with thermolabile compounds) - +
&S M4 (Compatibility with active compounds) ++ ++
A% E X m (Compatibility with undilutable samples) ++ +++
{ERE M (Amenability for different samples) + +++
KAeta#1x (Large sample volume capabilities) + ++
ERRfE (Ease of use @ system set up) +++ +
HRIFEGCHE A (Compatibility with fast GC) ++ +++
ThermoFisher



TCD

FPD

NPD

ECD

FID

1ISQ

TSQ8000EVO
Orbitrap

GC
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(=Rl

m

an

—
—

FID universal to C carbon mass 1072 g C/sec 107 107 na
TCD universal thermal conductivity concentration 10° g/mL 10° <10° na
NPD selective nitrogen or phosphorus | mass 102 g N/sec 10° 10° 25000 N vs C
75000 P vs C
FPD selective phosphorus or sulfur mass 10" g P/sec 104 10*for P 10°Pvs C
102 g S/sec 10° non-linear S 106Svs C
ECD selective electronegative groups concentration 10™ g/mL 10° 10* up to 10° vs C depending
such as halogens, oxygen on type and number of
containing-groups halogens
SCD selective sulfur mass 102 g S/sec 10° >10* 10’Svs C
NCD nitrogen 102 g N/sec 10° >10*
PID selective ions of photo dissociated | mass 102 g/sec 107 10¢ oo against compounds
compounds with ionization
potentials higher than
source energy
AED both atomic emission mass 10"t0 10"°g/sec | 10°-10* 10°-10* 103-10%vs C
MSD both ionized molecular mass 10"g 106 108 oo for ions outside mass
fragments resolution window
ICP-MS both (universal ionized atoms mass 10" g/sec 108 10¢ oo outside mass
if measuring resolution window
carbon)
ELCD selective halogens mass 107 g/sec 10¢ 10° 10°-10°vs C
IR both molecular vibrations concentration 10° g/mL 10° 10* 10? - 10* depending on

functional group

66




(=RAERy e

- TCD, PDD

/ FPD

CF3 (CHz)n_1_CH3
- FID
7‘ CF,

ECD

ThermoFisher
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(=Rl Erg e

Universal

They respond to
everything
eluting from the
column

- TCD
- PDD
* FID

Selective

Element selective, Structure
selective, functional group
selective

* FID
« ECD
* PID
- PDD

Specific

They are so selective
to distinguish
particular structures or
elements

- NPD
- FPD
- PFPD

68



BRI 23 R EE R

1. Sensitivity

- Sample amount convert to electronic signal
2. Selectivity

- Sensitivity of compounds in matrix interference
3. Dynamic Range

- Range of concentration could detect
4. Minimum Detectability

-S/N =3 L f
5. Noise

SIGHAL

T O I noisE
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Sensitivity or RF

Peak Area

_______________ + 5%
o
.___“’_______:"3’:--\;. 5%
- linear range — 7=
= dynamic range =
/ Amount
minimum detectablity
J—
Amount
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TCD / Thermal Conductivity Detector

T Carrier gas outlet
Wire

GCcolumn  _| G\ v Universal
flow (Sample) T — /'S
imple
: y

Carrier gas — Y Y v" For gas analysis
ONLY

Stabilised

Power Supply

« Thermal conductivity of gas mixtures
» Both thermistors are located within the path of the carrier gas

* One is flushed by the carrier gas evolving the column, while the other is flushed by a part

of the carrier gas entering the injector.

Chemical Analysis: Modern Instrumentation Methods and Techniques (2nd Ed.), Wiley
Handbook of GC/MS: Fundamentals and and Applications (2nd Ed.), Wiley

71 ThermoFisher
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FID / Flame lonization Detector

+ 300V polarising voltage
[N’ Electrometer :: Signal Reactions in FID:

L o - CHS + OH* —» CH3;0" + €
«+«—Collector . _
: _ CH® + OH* —» CH,O0" + e
\./ electrode Pyrolysis = & i 5 _
CH® + O5 — CHO; + €
Air - C° 4+ OH* - CHO" + €

Hydrogen

r.; Make-up gas

» FID responds to all organic compounds with favorable sensitivity
» FID response is proportional to the number of carbon atoms
« The detector response is not affected by modest changes in flow, pressure, or temperature

« FID does not respond to common carrier gas impurities such as CO, and water

Chemical Analysis: Modern Instrumentation Methods and Techniques (2nd Ed.), Wiley
Handbook of GC/MS: Fundamentals and and Applications (2nd Ed.), Wiley

72
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NPD / Nitrogen Phosphorous Detector

Electrometer

Alkaline —

ceramic

Hydrogen ——
Make-up gas —

Reactions for “P-containing substances”
[O=P]" + Alkaline* — [0=P]" + [Alkaline]*
[O=P]" + OW — HPO, + e

Reactions for “CNC-containing substances”
C=N’ + Alkaline* — CN- + [Alkaline]*
CN- + W — HCN + e

Nitrogen-phosphorous detector (NPD) is a modified FID

Phosphorus-containing substances are first converted in the flame into phosphorus oxides

with an uneven number of electrons.

C-N structure must already be present in the molecule

Chemical Analysis: Modern Instrumentation Methods and Techniques (2nd Ed.), Wiley

Handbook of GC/MS: Fundamentals and and Applications (2nd Ed.), Wiley

ThermoFisher
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ECD / Electron Capture Detector

_—’_/'_';/Collecting
electrode . )
— PDca. 50V Reactions in ECD
\ Carriergas (CG) E> CG* + e
- - Nitrogen outlet M + e M
/\ ®3Ni Radioactive source

—— «— Nitrogen flowing

(make-up) Il Radioactive radiator

Il Handling authorisation is necessary

« The ECD reacts with all electronegative functional groups (-F, -Cl, -Br, -OCH,, -NO,)
« All hydrocarbons (generally the matrix) remain transparent, although present.
» Sensitive to misuse Mobile only under limited conditions

» Ideal for trace analysis

Chemical Analysis: Modern Instrumentation Methods and Techniques (2nd Ed.), Wiley
Handbook of GC/MS: Fundamentals and and Applications (2nd Ed.), Wiley

74
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FPD / Flame Photometric Detector

Opical Fiter —___ %%
Optical Window \, X 7

;\“\ e v" Dual FPD is optional to analyze P- and S-

Flame —{

containing substances simultaneously

DONNN\j
 —
AN\ F777

Ar ———s—p

Hydrogen —* —%

* In a hydrogen-rich flame P- and S-containing radicals are in an excited transition state.

A\

« On passing to the ground state a characteristic band spectrum is emitted (S: 394 nm, P:
526 nm).

* The flame emissions initiated by the eluting analytes (chemiluminescence) are
determined using an optical filter and amplified by a photomultiplier

Modern Practice of Gas Chromatography (4th Ed.), Wiley
Handbook of GC/MS: Fundamentals and and Applications (2nd Ed.), Wiley

75 ThermoFisher
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PDD / Pulsed Discharge Detector

Ground Pin

Reactions in PDD:
Discharge Gas H62(1A1 Zu) —* 2He(1180)

Inlet (Helium )
21 1= High Voltage

Discharge Electrode IE: 13_5 to 17_5 eV
i
Il Even highest quality carrier
E . gas may contain some water
vapor and fixed gas impurities,

a helium purifier is included as
part of the detector system.

Discharge Zone

1|
- [ATRIRER

Ll

Insulators

Analytical
Column

Vent

L4 Column Inlet

 An universal and highly sensitive non-radioactive and non-destructive detector
« This detector does not use radioactive sources
« The response to organic compounds in the low pg range

 The response to fixed gases in the low ppb range

D.S. Forsyth, Pulsed discharge detector: theory and applications, J. Chromatogr. A, 2004, 63
Handbook of GC/MS: Fundamentals and and Applications (2nd Ed.), Wiley

76 ThermoFisher
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SR8 E AT B sm A B AT B RE B PR PEER

(Troubleshooting for GC and GC-MS)

—&H—H 3K (Steps by steps)
- EEEENEE
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S£5—2 / B AR B AR P 38 £ RURA

ZHUE (Sensitivity)
EIE M (Selectivity)

RIEFAR (Peak shape)
f2#TE (Resolution)

B HERIE

ZaER

(Deactivation)

ZHUE (Sensitivity)
EIEM (Selectivity)

J//U? EHIE

T2 (Contamination)
/Jrz'ﬁ
BER%
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%‘_ z/ / EZIK//MI’A

k=

A

fE AR o B R B A R AC PR AR MRS BUE R m B B 24
PR EE B = AR R I RE R

hEEE R e

rHH..ZEEEé%E’JHﬂHEﬁ#“

]

- ERHE RAISALE o RSN

- WeaBIREIRARER + RESME . ﬁn:'nﬁz@ﬁ

«  HEREIRVRIIRAR 1R « mERRE o DWMIEBRSEERE

nafﬂﬁitﬂ’ﬁ‘fﬁ
BRBFAALEBYSBHEAET (BIER)

73 M1 B 7E F= AR VAR 2 an W R 7 A AY BB M EEER
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MBI 2B RIEL3R?

alhap ,,,- -/-,.ﬂ-f.; 3

ERERh F—REH: F_RXREH: REH: f23RI11
KIE 2R REMESHRIERE ﬁuuzséﬁEE’J EFXRGC

There is flow
and the column
is not broken.

Syringe works
and contains
sample.

Flame is lit. \

YES

Is the flame lit? Is there adequate Is the sample reaching

column flow? the column?
... Are there
> | Test/Check: » | Test/Check: [Re"nJECt > { peaks? J

« Column flow? « Syringe plugged or broken?
Bl dFID iet? » Broken column? - Sample in syringe?
- Plugge Jjet?

: A
A ” : 0
NO Return detector to NO NO
operating condition
and light flame. Verify
condensation is gone,
gases are on, and

column is correctly
installed.

. J .

Test/Check:

- Water condensation?

« Detector gases on?

« Column installed correctly?

No peaks
from FID

Repair or replace
syringe; ensure
syringe is filling.

| J

Adjust flow or
replace column.

#EE & ACER

e

80 ThermoFisher
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e GClin e

- A AmEES O
90% RSB B EST O & 4

o JEHTET, IR (ferrule), # A (septum), #E (liner), ZHTE1E. ..
o T WiEEIEE

r=11] 2

A AE HA B 5 B A 58

81 ThermoFisher



tGClmfYa / B#iEtRzs (autosampler)

- __,_
s {5
-

> 4

o CEFEERS - W IREEECIR & (carryover effect), T aa A IR HY
« TRmiR_ERYR /B E A (Overusing)
ERP N
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TS / FENIHEBEEH T

o RV EGEHE ARG o] PUERIS NomERNGC-MS 1T LAF
""""" =i (Bend)&1E ZE (blocked) 2 & R AUREI R
- ES ST E AN E B O BE R EEMN TR KR

- ERESRBRAREIAE LS8 - WA (acetone) 2 HEZ (methanol)
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FaEF I/ =272 57 (Sandwich injection)

« BINERME (Reproducibility)

mAYESTESTER 0.1 -2 pL

Glass baer T T T T T T
3 4
, . -
. | ] | / 1 l\ 1 \
b / £ \ \
Air Sample Air Solvent Air

MR ZRERTIR SRR m

- HNZERKEREROBNASERARDRIERES T Y E LT TH ZAEER
ARSI R

« AEZRARBERMTEEANEFD - B R% M ZE B ZE R A% R A
- BEE-EBNZERERARRABSTEZEA SO
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AETET / A FIETAIIR (needle tip)

Needle Tip

I

Cone tip

RO RIBEF S EER

1) #HEBRMEERR

(2) BAixmEEERA L

(3) EEE LA RABEEERAEIKIE
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Long Life Advanced Green
g ——— =
BTO VALY to 400 °C
Long Life v vV To 350 °C
Advanced Green vV vV To 350 °C

« BTO: Bleed and Temperature Optimized
vV« =best; vV =verygood; v = good




= 5 B 5B IR R

DIETE BT 200X (50 - 100k BE)FEBRBF - o 252IRRE
=gl
2. Em oI %L‘b‘u(siloxanes)“ﬁ'ﬂ%(GC—I\/IS)

MERB /R (FRERFGC-MSEAHE! )
1. FBEE5MRE (TRACE 1300/1310AFE2 UL ER)
2. FARARESAE

3. B EFMBRA

<+ EREBIR
FBEREEHON LS - BENE LM F S IBAL B Y
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#E(LinernWERE / ot ~ A% (TRACEL300%45SSLyEST[)

A it - A BEAEM - BINEMIETZEE (No: 453A2265)
B - B: #EAMSZ2BEOE (No: 453A1295)

C: IR AR A7 (No: 453A1345)
D: 2B A% (No: 453A1925)

Splitless (ID 1.2 mm)

E - E:xEB/N) - BRRAREDE (No: 453A1335)

88 SCIENTIFIC



ME(LinenNMEsEE / 7

1. MERTEHES
- FURR R miE R REE R mAv T 4
2. WMEERME
— R F B RS ERFEB BRI RIAN T4
~ FERRFE/AE(11)ESAEETEFEEZ30 min
- BV EOFEREREER
3. EHEFEIEMRE)EZEMERNEE DT
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MENEHR / ESHEIRR

100 - 13.22

90 -
80 - o)
- T

60 -
50 -
40 7 HO
30 -

20 Estrone, m/z 270
10 7
_ ; il “\ﬁt

100 -
90 ——
80 BREET
70
60
50
40
30
20
10 -

0 T T T - T T | T T T T ]
10.0 10.5 11.0 11.5 12.0 12.5 13.0 13.5 14.0 14.5 15.0 15.5 16.0

Relative Abundance (%)

Time (min)

90 ThermoFisher
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EREYERINYIE

i+ 4l R ~
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SLEWEVEN <

IR (Column
Breakage)

#IE = (Thermal
Damage)

R A S HEERE

RIRB A E 18O MHE L BR:

R _E PR (isothermal limit) : o #3553 R R RIFEE (ex: 120 min)

&m _FBR(Programmed limit) : BfE AR ERE (FEEFERIEES R
OEXGCHESFERRER < E14RE LR

Thermo

SCIENTIULF I

TG-5SILMS

Length: 60m
0.  0.25mm
F_il_l_ﬂ_:__ ) 0.25|.Im

Max Temp: 320/350°C
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BRI RE

‘ TCD ‘ TEEIE

-  FRFilaments] - BEEAE TR I=EAE (5—10 min)
- JEMNER - AFEFTBIFilament - BIIERFilamentSan

- —IRME - ARERKRNFRE
B4 €2 Fil BT S 4 - BEITESRENNRECSY/ BRESITY)
° L | ament /7] PIK=>< E 2R . }&%gnﬂwz‘— ATCD gﬁgmﬁlament%m

- WAZEE LRETFilamenthyE R -  BEENTCDEColumniy « 5t3BFilamentR8EA
- FERIREmMY (KHBAutozero)

Module Flap Cover Bake-out:

- BERHIRREER

«  FilamentBEETCDREFH 2300 °C
Vent o ®F24 hr
featsine - WRENS  FHEBEIERS TE

Cell Upper Insulating Cover

Cell Lower Insulating Cover

Bottom Fittings

03 ThermoFisher
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TCDR 2 &

Front Detector Options | FrontDetector Time Program |

Detector type: Themnal Conductivity Detectar (TCIH

Signal Settings

[V] Detector active

Aequistion on: 0.000 'E} Aequisition off:  17.300 @ [0.000 ... 353 330 min]

Data collection rate lﬁﬂ

Polarity lF‘nsﬂive - E}
Detector Setlings

[¥] Detector temperature control (E;}

Detector tempersturs 180 (i) [0..400°C]
Column source [Fmrrt - ]G.}
[¥] Enable filament ‘&

Filament temperature 231} @ [50...450 *C]

Peak Width | Standard e

(3as Settings

[¥] Reference gas flow control @

Reference gas flow 20 '-\"_f} [0.5..:5.0ml/min]

.]@ [1...300 Hz]

H, 73

TCDRE: (FL{E#LiT)

- Filament T > Detector T

- DeltaT=250°C (He) /2100 °C (N2)
- Recommended: 200 °C

- Lowest T: 150 °C

Acquisition time

Data collection rate

- 30,60 0r 120 Hz
Polarity

Reference gas flow:

- need to be optimized

-20r 3 mL/min

94
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1RRI 2R RY PR & EEAERR

— 7%3%Collecting electrode (F#&H L7)

. Th=r] ! : '5%%25&“733#3 EE'@S mln
RISFIDEE - MIRELLTAY S

o HNERPE(EEEERN _EFH - REBE L SIS

« BZFID Jet (FRIZREERRM)
- BRARE" B#Collecting electrode”

- EBBIEFID ignition glow-plug (BB W ZH)
E
Polarizing Electrode i

- 18l TEphNeF
Module Flap Cover

Insulator Ring

Detector Cap

Signal Cable

Collecting Electrode

—
Glow-plug Cable I
Glow-plug <— ; — Collector Insulator

Detector Cell Assembly

Detector Body

Polarizing Cable

Insulation Cover L et

— Polanizing Electrode

Bottom Fittings

o5 ThermoFisher
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Front Detector Options | Front Detector Time Program |

Detectortype: Flame lonization Detector (FID)

Signal Sethngs

[¥| Detector active
Acquisition on:  0.000 'E) Acguisition off;  5.000 @ [0.000 ... 333.350 min]

Data collection rate [‘H] - ]'E) [1..300 Hz]
Detector Settings

[¥] Detectortemperature control (1)

Detector temperature 25{!! : @ [0.:-.450 ]

[¥] Flame '3}
[¥] Enable flameott retry (3}
lgnition threshold 1.0 @ 0.0 10.0pA)

Peak Width | Standard - 3}

(3as Settings
[¥] Airflow control (3}

Air flow 3500 (i) [5.0..500.0 ml/min]

[¥] Makeup gas flow control @

Makeup gas flow  40.0 (3} [1.0..50.0 ml/min]
[¥] Hydrogen flow control (i3

Hydrogen flow 350 @ [1.0.. 1000 ml/min]

FID&E5 KBS

- Air Flow = 200 mL/min
- H, Flow = 40 mL/min

Acquisition time
Data collection rate

Gas Settings

ThermoFisher
SCIENTIFIC



ARIEAIZRNERRZRANERE

FID NPD TCD ECD FPD PDD
Insert the column as far as goes and withdrawn 23 mm 125 mm 136 mm
about 2 -3 mm
ThermoFisher
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FAQ: Poor Resolution

 Non-selective stationary phase
« Poor efficiency
« Sample overload

* Incorrect analytical conditions used

Solution:
v" Choose appropriate column
v Adjust sample concentration or amount on column

v" Verify temperature program, flow rates, and column parameters

98

ThermoFisher
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FAQ: Poor RT reproducibility

e Leaks

Analyte adsorption

Incorrect column/oven program

Manual injection time delay

\\ Incorrect or variable flow rate

* Incorrect oven equilibration time

e Column evaluation

Solution:

v' Leak check, replace septum
v Use properly deactivated liners, seals, and columns
v Verify temperature program

v Use autosampler or standardize manual injection precedure.

99



FAQ: Fronting peak

 Incompatible stationary phase

e Column overloaded

Solution:
v" Choose appropriate column
v" Reduce amount injected, dilute sample.

v" Increase column inner diameter and/or film thickness.

100 ThermoFisher



FAQ: Tailing peak

 Adsorption due to surface activity or contamination
 Adsorption due to chemical composition of compound
* Needle hitting and breaking packing in inlet liner.

« Leak in system

 Inlet flow too low.

Solution:

v Use properly cleaned and deactivated liner, seal, and column.

v Trim inlet end of column.

v" Derivatize compound.

v Check for leaks at all connections, replace critical seals if needed.
v Check the flow rate

101 ThermoFisher



FAQ: Split peak

« Mismatched solvent/stationary phase polarity
 Incomplete vaporization
« Sample loading capacity exceeded

 Fast autosampler injection into open liner

Solution:

v Adjust solvent or stationary phase to allow wetting

v' Add surface area, such as wool, to the inlet liner to enhance vaporization
v Use proper injector temperature

v Inject less sample

v Slow injection or use wool

102 ThermoFisher
SCIENTIFIC



FAQ: Carryover and Ghost peaks

Injection 1

Contaminated syringe, rinse solvent, septum
Sample volume exceeds liner volume

Last analysis ended too soon

Injection 2

Solution:

Replace rinse solvent, syringe, septum
Use a liner with a large internal diameter
Increase split flow.

Use slower injection rate

Use pressure-pulse injection

AN N N NN

Extend analysis time to allow all components and/or matrix
interferences to elute

v Column condition

103
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FAQ: Column bleed

 Improper column conditioning
« Contamination
 Leak in system and oxidation of stationary phase
 Polar stationary phase
TTTTTTITTTTITTTITITT * Film thickness

Solution:

Increase conditioning time and/or temperature.

Trim column and/or heat to maximum temperature to remove contaminants.
Replace carrier gas and/or detector gas filters.

Clean injector and detector

Use slower injection rate

Check for oxygen leaks across the entire system and replace seals and/or filters.

D N N N N N NN

Replace column

ThermoFisher
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FAQ: No peaks

* Injection problems
 Broken column
« Column installed into wrong injector or detector

 Detector problems

Solution:

Plugged syringe; clean or replace syringe.
Verify there is sample in the syringe.
Injecting into wrong inlet

Verify carrier gas is flowing

Replace column or re-install column

Signal not recorded; check detector cables and verify that detector is turned on.

D N N N N N NN

Detector gas turned off or wrong flow rates used; turn detector on and/or adjust flow rates.

105 ThermoFisher
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FAQ: Response variation

ﬂ « Sample issues
« Syringe problems
 Electronics

* Dirty or damaged detector

* Flow/temperature settings wrong or variable

e Leaks

Solution:

Check sample

Leak check

Replace syringe or check autosampler operation
Perform detector maintenance or replace parts

Replace deactivated liner

AN N N NN

Check that split ratio is correct

. ThermoFisher



MO ERCCENR - BERERTR (AFEER - LIRFEL/A4E)

1

2

3

5.

107

. RRANER - Ue@ErRFHER D Nut Z{ERENut B5R% - Hl FER

. SoiEEETE MBS Oin (SSL: 5mm for SLess & 10mm for Split; PTV: 30 mm)
. FARGCiE - WRERRRMERZEFAMAENA - XA

. 1R Column Properties NI E @ 5 EMEERIRTE

- Chromeleon: Chromeleon Console > Instruments > Front Inlet/ Back Inlet

#17 Leak Check - BHERBZEETZRAIZIN




2055

o BWMEDN: EmilEEL
- BEETEDNT: ol st (Acidic wash)

8,85
100 - o
] | Before silanization the sample vial PERalty. S15e4
80 -
] B 2-hydroxybenzophenone
60 - | N | N (20H-BP)
—_ o / m/z 255—135,237
< 40+
@
=
s 2
=)
: L
-g 0 A A A A
e i Intentsity: 7.62E4
Q b . . . . nentsiwy: r.
Z 1 | After silanization of the sample vial v
(1] -
5 BO_
(0
60: "
40:
20:
D-_|A||||‘|"|||||||||A|||Au||uu-A||||||||||||||||
6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0

Time (min)

ThermoFisher
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