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Chromatography = Chroma + Graphein
& ANTLdieu

chromatography enudddnaIuuas IUPAC
(International Union of Pure and Applied Chemistry)

A method used primarily for the separation of
components of a sample, in which the
components are distributed between two
phases, one of which is stationary phase, while
the other moves in a definite direction
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Bonded phase
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Figure 2 Applications of bonded phases in LC.
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(Chromatographic Theory)
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I 2 Tpnm Aa Tpnimaen (stationary phase )
wazrigaiatalauil (mobile phase )

Tmanamaoggsﬁqmwnaznszmpﬁﬂusmi’mﬂ& 2 W& A3

Aszanamiiduduan fulssa@niuasnisnszanac (Kd)

Wanon WLA&aun

Distribution Coefficient (Kd),
Kd = aasiuagnisnszanee 0

TasunInns1laastiadtuuaaany
(liquid column chromatography )

TAsuNInAs T zaIL BRI LLAANULLLY
aunalatuniswanasls 4 wuu Aa

1. Liquid liquid chromatography (LLC)(partition

chromatography)

2. Liquid solid chromatography (LSC)
(adsorption chromatography)

3. Ion-exchange chromatography
4. Exclusion chromatography
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1. Chromatography
Liquid chromatography
Gas Chromatography

Liquid Chromatography

1. Paper chromatography
2. Thin layer chromatography
3. Open column chromatography
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Paper Chromatograpgy
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Normal phase
chromatography

Stationary phase fiaufidhannnia
mobile phase

o Stationary phase : 1 atnnzuuiia
nsza (6-12%)

o Mobile phase: Solvent 7l polarity
<1

Reversed phase
chromatography

Stationary phase fiaufthuannia
mobile phase

o Stationary phase :innsyasinay
1athuausiadvinas muauq

o Mobile phase: Solvent 7
polarity g9n31 st.ph.

~ JJ)J oo
vl

hitp:/iwn

Cellobiose unit

¥y pg!

1-dimension PC, TLC

Ascending development .
Descending development
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w&metl Stationary phase

>idaaeiziuisaifanlavaronfia 1y vinlviAnnisuaniag

adsorption, partition (normal phase, reversed phase), ion exchange

JansIAseviaanatia TLC

1. M53ARS

size exclusion 1. 14f capillary tube 3@ (spot) &nsiaiuaiu 0.01-0.1%
>Plate fiuura 5x10, 10x20, 20x20cm 2. ¥ieainuay 1-2cm
>anunuizadaisiaday 200-250pm @vsuaunaiauuia 20pm (w3a .

L 3. aua3aas ¢ S5mm Tdvinaanwiieseu
wunId@usu Conventional plates)
>ianisuen ~200 36 Tuial 25 min seagne 12 cm 4. U305 ¢ <Smm lavinfsinaiassy
»>&1saun3t 1afu cellulose powders, starch, sephadex, polyamides uag 5. 1af Pt-iridium capillary tube Tun13am (spot)
ion exchange resin 6. 12 automatic dispenser system vimyuAu1lsuasle
»>&saflunid vy silica gel, alumina, glass powder wag diatomaceous waiugn
earth
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Automatic TLC Sampler
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Chamber types used for conventional PPC. (A) Unsaturated N-chamber (1,
rectangular chamber; 2, chromatographic plate; 3, mobile phase). (B) Saturated N-
chamber (4, filter paper soaked with the mobile phase). (C) Unsaturated S-
chamber (5, glass cover plate; 6, spacer). (D) Saturated S-chamber (7, facing
chromatographic plate, soaked with the mobile phase; 8, second part of the
mobile phase). (E) Ultra-micro chamber, a special variety of S-chamber (5, glass
cover plate; 9, elastic inert material).
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3. Detection A15ATIANGILLIILUY
AAIFITUULNAR

1. dransfiguils luminescence (fnsdunied
fluorescence, ssafiunit; phosphorescence
phenomena) &1NN5AATIANINNTLIDILFIUAIANT
e

2. LitGuans  fluorescence indicator avluans
A&au dlagsgnasiaiaridlu non
fluorescence aziAalilugnaeg  &sildiadau
l6iwA pyrene derivatives, fulorescein, morin,
rhodamine B

3. wu strong oxidant vy HNO;, KMnO,, H2SO,
aztAailugaden Snsuasdunsed

34

densitometer

Light path diagram of the TLC
scanner. Key: 1, lamp selector;
2, entrance lens system;

3, monochromator entry slit;

4, monochromator grating;

5, mirror; 6, slit aperture disc;
7, lens system; 8, mirror;

9, beam splitter; 10, reference
photomultiplier;

11, scanning object; my
12, measuring photomultiplier; 13‘7
13, photodiode (transmission).
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Separation of pesticides in tap water on an HPTLC silica gel 60 plate
by AMD. Multi- wavelength ( six wavelengths) evaluation permits
resolution by optical means of fractions insufficiently separated.
(Reprinted from Camag literature, CAMAG, Muttenz, Switzerland.)
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An FDA chemist in the mid-1950s is shown using a column
chromatographic apparatus to separate the constituents in
a coal tar chemical analysis.

https://en.wikipedia.org/wiki/Column_chromatography#/media/File:FDA_History_-_Column_Chromatography.jpg 39

37 39
Tasun A laasauuaad Ny
(liquid column chromatography )
Tasun A dzadtualnuuaad ULl
Open column chromatography aunalnlunsuanssle 4 wuy Aa
1. Liquid liquid chromatography (LLC)
(partition chromatography)
2. Liquid solid chromatography (LSC)
(adsorption chromatography)
3. lon-exchange chromatography
4. Exclusion chromatography
38 40
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Mobile phasa
l» Sample mixture

Mobile and Stationary phase

Chromatographic -

, Process
1 [
- B Distribution: \1
K = Cu/Cr = B
sty concentaon . /
ffﬂifn'iﬁqs§: o — — A \ }
= Py =——— e A )
Q”Hii‘lnensl t Elution through the Column
Y stector Chromatogram
Column Chromatography Mobile and Stationary phase 43
41 43
n aUNAUITY
* A.@. 1960
o grussfluvasudonlifignguiilunnu 2u glass
Fansania oL el y iy bead ¢ ~ 40 pm uastAdauaraunufaNL199
T ’ (w1 1-3 pm)
M—//\\/LLU e apvudviianuasifluswsu silica gel, alumina,
resin w3a polyamide
e A.7.1980
. | n eaynanladussialunadui Aa
o microparticulate doiflunfianldiuninluiaziiu
, eifluidaussalu guard column talvvinminm
M3uen (n) deaeaud (1) TasIn INusUYBIHANMNIAI0E 2 F¥ila RIMIATENEMA A az (7)) AsavdvtaduaanannITaza LI tNILRL LN
Truilsznafdugaund (Ideal behavior) " waauniagriwanllfsnadud  vinlwaansly
(Aau1)aa1n Skoog Holler & Nieman 1998 p. 676) urasAaFuledu
42 44
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() T, Figure 12.3
— schematics showing the basss of separation in (3) adsarptio
& h

(e)

na'lalunisuean (o = solute)

(a) adsorption chromatography,

(b) partition chromatography,

(c) ion-exchange chromatography,

(d) size exclusion chromatography, and

Jan15AngidIamadnlATuN TN

1. mse3anmAadul
. Ltﬁﬂﬂaﬁnﬁimuﬁwtwaﬂoﬁ‘lmﬂumsumuaaﬂ
o wavluraduindealanadradd wialaum
e salinamsizevsm lunadu
Tifianugeaueadns .
e 5339 dastifiuvufiminansildnias
ARAALIAN

Maaduiiuansiluraduilasninanff 2 wuuy

1. wuu snasaaniaigmanau
< v & da aa s s
etflunslduasudoNndi Twa 13661 1du waeng

(e) electrophoresis. - olfuasudotiunasnitivaswaiilifiinasdinday o
45 47
asuanldaulaaau 2. gaduiiiuvsasiluraduitasninasnil
wuy uastaaniaigaiainé
ION EXCHANGE
INSII:.lE A PORE IN THE STATIONARY PHASE ngh p0|al‘lty Alumina GrE atest adSOFptIOI’l
Sempia jong arer Magnesium
"\ - Counter ons out Mobile Charcoal
.- phase o
Counter o= - additives - Silica gel
- titi . .
el o i Calcium oxide
' " >N - Magnesium carbonate
e . Calcium carbonate
2. ADSORPTION: - H
DrSPLACEMENT OF Potassium carbonate
COUNTER IONS 3 ELUTION Sodium carbonate
. Low polarity v Starch JLeast adsorption
msuanuldaulaaau 4 Cellulose 48
46 48
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Partial structure of alumina

Al S+

2 W2

Silica gel matrix structure

H
o

S

“INCI~T N

e
~O—0WT

e o
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——ol

fsAANATuuaaniwea19 i Twa3fauadudl

Longest retention time
High polarity A
Organic acids (RCOOH), base (NH5, OH")
Alcohols (ROH), Thiol (RSH)
Amines (RNH,) Nitro groups (RNO,)
Aldehydes (RCHO), Ketones (RCOR)
Esters (RCOOR")
Halides (RF, RCI, RBr, RI)
Unsaturated hydrocarbons (R-C=C-R’)
Saturated hydrocarbons (RCH,-CH,-R")
Perfluorocarbons (CF,.>)

\ 4

O\ Low polarity Shortest retention time
49 51
2. 1&&1saeng . -
3. vihnsagn
}32;ﬁ{%ﬁ?}?ﬁ%ﬁ:}?ﬂ%ﬁﬂ2,]:'3?3{“1222amu unisidnansararaidinaisfivungay
LA LB a o Aadani TlunsrzansaanannAadul
v TunsreansmManiTwatsfgosaslae,
vitasaanfilwaafguse
fsdadreNnlaiinaridsnedu duilu L . L 3
uaslanaasunInnd asndinarzfge suaniinardfuansiviunaialaas
azatlumaduilsuiuiias ALNALAITALNLIUININAINTTNRIFAGN
nau
50 52
50 52
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Eluting solvent

Reversed Phase Solvent Elution Strength
Hexane

Isococtane
Carbon Tetrachloride
Chloroform
Methylene Chloride
Tetrahydrofuran
Ethyl Ether
Ethyl Acetate
Acetone
Acetonitrile

Isopropanol
Methanol

Water
Normal Phase Solvent Elution Strength

Fraction Collector

Colum r—»E ]d‘
P
)

P-:—:—:a-n “— Counter saronc.ng
) LP_A weight
]
i L

o _._._‘,....—..—Sjp 100 {ube

Collection.of
fixed volumes)

Electrizal tontact
f"—‘—'—“ to turntable

¥

55

53 55
4. \Auaseacng ' _ Recorder
Connecting
* tAuuuy manual TaatAuiiay 1-10 mL ~—Column m'\es @
. lafim3adLfuy fraction collector ot ‘f/ _‘T
funsatAudattonuudle Taa'lisag U lamo : -
Ll J ‘%
L =
Qs = dl Q/ o I
5. m3inlsuagsiaanannaaduil Constant fow : Q
 Ja1lme Optical method; UV, IR, :] ’: )
Fluorescence ' hm..,,,,/ —J,..,

. . . .'G t¢] G nowr
Electroc.h_emlcal method; Voltametry, caliecior \ {/ comgzﬁ;:ﬁn c:;ng
conductivity etc. 54 (I from the cofumn

54 56
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fiat&auay Open column chromatography

ANTUTIDUANAUITY (packing particle)vin'le
uasidaan

« UsEANEAIWAITUEAGN
o gavtAuasidugiug vinluldiiaiuiu

siat&auav Thin layer chromatography
o vinfuszuudn Tuddlu'le
« nsvinehlawalaimdn (low reproducibility)
« YinBunaiiasei'le lis
o WUNNEAUANTILATIZU eFaNRSLT A6 o

Aia@uay Modern Liquid
Chromatography

Aad i lduandlss@ndainunndu 1as
fusaanuiinuadldasNiLasssLLaag
dtalaunnuunsaule

dnsradadluwuy non-destructive @a'lyi
VG RIGRE]

AaduUdaIusaldl6aTn'le re-usable

mMsiensitlunuuda Tuddls Taamnie
dumpauina@siineiasitAsyi

fimNuQN6aY LU 5

57

59

Modern Liquid Chromatography

AsWEIUNAIA TRAUDIAUNIAUITR
AW tuvalawLY
AsHIUNfIaTITA U aUdadU

= 2 o

1l @@ 1967 insdsehing HPLC unTadonu
AunIsItAtiind1a'lng 1aa Horvath

58

wAd 1A TINAN
(Gas Chromatography)

60

58

60
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Gas Chromatography (GC) frulsznausgAgyuay
flumaflansuananswandidl polarity 61 &1seaat L3auAdTAsININATIN (GC)
dagszinenilundgusala o amamms LLﬂaLQaﬂ‘Vl'] . . ]
uumwwmsmamaauﬁq‘?aﬁLWammmmumaamamsa 1. &uldaans (Injector)
‘].Ia\‘lLL‘].I\‘]‘I/'I'TVI‘NTVILl,f;lﬂE'ﬂ‘SLLa“ﬂﬂﬂ‘i’)‘ﬂ')ﬂiuﬂ')u‘ﬂa\‘lﬂWlﬁ 2. 10102y (Oven)
wwasaa’ly o .
3. Aaauu (Column)
1. 6 stationary phase (flu active solid Bunwmadafiin Gas 4. fhaniadayana (Detector)
Solid Chromatography (GSC) aa'lanisuaauuUgaZY - o ot Zarat,
(adsorption) 5. sruuifuvin uagtAudaya (Recorder,
2. 61 stationary phase fluliquid Aiadauuneq vudivas Integrator) wan'leazuanvlusiluay Tasun
inert granular solid support wafiailidunin Gas Liquid Inunsu (Chromatogram)
Chromatography (GLC) NRTANITHLAALLULUILEA
(partition)
61 63
63
Sample injection
1. Gas Solid Chromatography (GSC) syringe
, Injection port
+ ladudnAns adsorption Tae stationary phase tHuaasude 7 {/,
mmanmjumsmﬂuunama"LammaomSLLﬂn"Lm fuanansi R
fluanadng  danunsalasuiundaviala Taafl active %
solids  (adsorptive  particles)  Wussaaglumaduniilu p. Computer
molecular sieves w3a porous polymers, silica gel, alumina
uay activated carbon Gas By pass Detector
bylinder valve

2. Gas Liquid Chromatography (GLC)

* laudnns partition snswausiaensuanagluanmwiiduy
wAg wiala Wakudngeaduiasuanaananndulagniiu
Lmnmo’(,umsn‘sumumanlu mobile phase (carrier gas)

uay stationary phase 1/|L:Jumaammmmaauauuumwaa e
inert solid support MfiRufigs wuasinaua fauled s, = o "
e wtin Glaar e ! avAlsznaunNug unadtaIad GC

Fan assisted thermostatically controlled oven

64



Gas Chromatograph

-l

RECORDER}
DATA SYSTEM

GAS CYLINDER

WHUAWULEAINANATITWISTATULRY GC ufla A,B uaz C 1flu
frudsznavzasdiatennszanautivalIsvuafuluseniiedy
MALARALTY M ALAILAR?

Carrier Gas

65 67
67
A Scheme of gas chromatography.
Sample Alkyl silicone
[ Gasflow (He) >
Q@ # T & - Detector R R R
‘gT LOWT Column R—Si—0O Si—oO0 Si—R
www.cubicunikoelnde . metabolom.html affinity to affinity to | | |
R R n R
2
&
t T1 ) . §We Boiling point separation (1zu
Dimethy! silicone Sil o msuandanagad uiiu o
F
,‘ Nonpdlar | dy, |
CH
o 95% Dimethyl [ - Boiling point separation (12
oF s Dlous =¥ o 5% phenyl silicone i é‘j ° aromatics, flavors, aromatic
CH
+Blood Alcohol Mix Resolution Control Standard was used: eight components, 100 mg/dL, water, 1~ 66 SI h I I ’ " " HCs 68
mL/ampule (Restek [Bellefonte, CA], cat. #36256). 1] tly polar
66 68
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Palyimide coating

Fusedsiica — | _—— N
P

Stationary
phase

69

Capillary GC column

69

71

Carrier gas

vinmivinn volatile component Tunadui finauanié
inert luvind§Asenduansdladng waa stationary
phase

vinulniwn separated component "l detector

W
= Ol

f) Porous Layer Open Tubular
Column

(PLOT) Column

) Capillary column

1) Packed column

yiiaveInadui 1) 1A (Packed column) ¥ WEOAPLOT column) A1)
70

| _uniiaai3 (Capillarv column)

aadulidaas Carrier gas

aaa a

inert laivindfAsenAuansiisasnisuanvia
stationary phase

fnsuwiasuazfitvitnluanasi
wE AN

uazfmnuusanisge
wingAusTULaTIR AT

wAgwiiaanannviaudaasvinliusans
1aaruvianusyaIe molecular sieve
Waaudalaliinialaiidu

72

70

72
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Sampling Systems

Gas Samples

— gas-tight syringes

—loop valves (0.1 to 10 mL)

Solid Samples

Liquid Samples 0-1uL or diluted

Vaporizing Injector

— injector temperature > bp components way
aouundl ganinamnnd oven Fign 50°C

— injector temperature < aunigIgm stationary
phase Nnu'ls 7

WA AaduY
+ Syringes
— Plunger-in-barrel (5-1000 plL)
— plunger-in-needle (0.5 or 1 puL) gaastvin'lsa
Teaude 1 ul
-5 uL syringe naasldafoay 0.3 pL e

Capillary Columns

dnsirvasuia &msu 0.3 mm i.d. wall coated
open-tubular (WCOT) dszunen <2 mL mint
solvent 1 pL fiv5u1es 0.5 mL 9 250°C azifia
1leynn band broadening saviian1sdaniuaneing ;

73

75

NA13AA
sample; liquid, gas, solid (solution, pyrolysis)
Micro syringe wuu liquid #3a gas tight syringe
Sample valve (reproducibility > 0.5%)
Head space analysis (solid, liquid sample)
Auto injector
Autosampler

74

1)Injector

fia shuransiatvazgndainginias uasssve
\lu gas wiaudugnvinlvitfluitiafendu Aauniag
12N column aauudiNiLnuNzaNaY injector A5
Huaangfinigewanagvinlians dratvaiunsa
sanglussiaglignvinlvidganadn (decompose)

. Solvent 7il2davaraanseiating launa ether,
heptane #3a methanol

* AOUNIUAY injection port m“aoqawaﬁazﬁﬂﬁms
fatainnisnarmilula’laadesiag) uasagly
intigsdratvdanaditasgeninaangiiuag
R 76

74

76
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2)Oven

fa fruiildd@miuussa column @117 uasiluau
mmnﬂuamunmao column ‘lmﬂauu“lﬂmum‘m
WINERUAURSTQNER ﬁoamvmmlaa oven ifuay
sfunsadsuil&euls 2 wuuda

— isocratic temperature (isothermal)

— gradient temperature (program temperature)

daduavnisvin gradient temperature Aasansaladiu
gsdratvniaatfanniie (wide boiling range) uagd
haaaarlunsitasey (analysis time ) av'ladneae

v

20% andawe 40°C
J}Lzo% andanler s0°C

HAvBIgUNYINTIAD retention time (i 2553 Wi 280)

20% andala 30°C

20% andaa 60°C

79

77

79

Temperature programming

3)Detector

da dHuiazlddmsuanaia amﬂsvnauﬁﬁaﬂu
f1361atng detector a"mm'sLﬂaﬂuLﬂuﬁmmwm

19 electronic nauaa"l,ﬂmmﬂsvmawmwamms
tdautduainududusdutiarldaanu iy
chromatogram

wiiv'le 2 2fie
e general detector &unsaasIainansladuaiae
ULAN

e selective detector sﬁaasmmsmﬁumywmsﬁﬁ .
Tasuas9Lang, 8 functional group w3a atoms
FAUNILLANTA

80

78

80
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dguddaay Detector

e anuhiNeIwa

o LRANTANLATLUULNFY

o Widyanaduiusiuaunduasidiy
Lduas9luaININe

e aauungiidig RT - 400°C asinvias

* NAINAURUAILE

e fimugneias Undada

o AU NUNIEFY

1. Flame lonization Detector (FID)

fiaudnwaizuad GC Amanasiuaauafiununnacng
nann1g

m‘;‘&umﬂ"l,m.laamsmaanma’mmaauu'(ul,ﬂaﬂwmao
1a1lasauluainiausaaandiaunasinlaaauiiiinduain
aamﬂsunaumaowgmaanmnﬂaauuﬂao GC Usuauil
gru1sansiaTac1ga  (minimum detectable quantity;
MDQ) wvindu 1011 asu wazrvuasnswWuiasgrunicily
duasedv 107

aws'ﬂs:nanumuaaiwﬁ"hjmmmmna";”mimu FID L2ty
latasiau Tulastau U1 lalasiauda’lwd datvasia
aan'lad wantudisuazarsuaulaaanlae

fsdsenavlaiasaisuauiazasainiag FID laagsasaiunse
KiunsEIIUATITaandiatule

o laivinaaas
81 83
81 83
Detector asainansniluu Schematic diagram of a flame ionization detector
1. Flame lonization Detector FID for gas chromatography (Harvey 2000 p 570)
2. Thermal Conductivity Detector TCD —
3. Flame Thermionic Detector FTD Collector -
4. Flame Photometric Detector FPD | -
Power .
N ~—— Air
5. Electron Capture Detector ECD supply
6. Photoionization Detector PID CH+ 0 — CHO" + ¢ ~—H,
7. Electrolytic Conductivity Detector  EICD Column —>
8. Mass Spectrometer MS +
& Carrier 8
82 84
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2. Electron Capture Detector (ECD)

Detector ufiafiiilu selective detector Lawiziildin
Electrophilic compounds atinvL2u Halogens, Nitrates
uay conjugated corbonyls avelsznaunanuay detector i
Aa 53Ni 49asl electrons iafinssuaWWaai asnsi
1flu electrophilic compounds 127'lU3udAu electrons 1ilu
walvfinnsildaundavaasnssudlunisiasgarwlage we
linearity range wau

sun1svAindulunisia Polychlorinated  Biphenyls
(PCB) Taalaf Nitrogen gas tflu Make-up gas

85

151)5zneua 1111 19¥A1 relative ECD response 13 9 i (usfu 2553 nvh 296)

mslszneulalasmiveu 1
a1sszneudmeiuazioaimes 10
m1sdsznevezduldnueaneged A lau iefiuTuTunae l5d nazigeslsd 100
mstlszneuminTuTuTus ludlanae lsd uazlargee l5d 1,000
mstlszneuminuenla’lasd uaz Insaas lsd 10,000

mslszneumanluTuleTelad laTuslud wednae liduazwedrigealsd 100,000

msilsznevlalolelad Tns Tuslud nednaelsduazwodvigen'lse 1,000,000

87

85 87
Elﬂﬁ’q'ﬂfj']\iﬂ‘]iﬂiqﬂ’j‘ﬂﬁ‘ﬁ Polychlorinated Blphenyls (PCB) Tﬂﬂﬂl&ffj Schematic diagram Of an electron Capture
TuTasiou W make-up gas ﬁﬂf}ﬁ?ﬂnﬁﬂﬁuﬁﬂﬁ detector for gas chromatography
63 .
Ni — ¢ Ni ¢ B +ve Electrode
28 29 1 /
N, — N2+ + ¢ (low velocity) ¥
PCB+e —> PCB (electrophile molecule with captured electron) 32;”; s & —__y Carrier
- B gas
PCB +N,” —  Neutral compound / out
-ve Electrode B-Emitter
* dnBazvoIdAnATaUIANIBIAMAMDS (Harvey 2000
86 88
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3. Mass Spectrometer (MS)

anwagtlsauisuuay GC dmatnasnadsy

2 & 2 oy i . fnateas nanns ANUANNE A :Lh"
Detector azvinlvasusmnaailu ions 6o v Jaely | idunse
n1sluRsNan elute aanu1an bombard wan'laaau'ly | wnasdsznauly | suaseavsa 1012 107
v N . VoL . Lifudineg wa W H, /0, @ | @sunidd
638 electrons (Electron impact ionization; w02 (FID) | 2000 avriaiaidios | sunsagnaand
El) w%a gas molecules (Chemical ad
ionization; C|) A9zt @Isueaneilu Sldnasauuan [Yansldeuudas | navsuassa 10 103
S el o . LARGLNALAAS | UAIATIUR fsusznaunn (108
fragment ‘Il/lllﬂiu'Q_LLawN'Iuvl,ﬂ £l mass fllter (ECD) AldnaTauiitinann atnnvind§Asen d sy
naugnini electron multiplier & u1507R ugfsinan | Audidnasau pulsed
v 3 o fssznaudunied operati
grsnndsziannaiuisanandlilu mass Audidnasau on)
range nawsaia'le Mass ansuandiilu ions |ssiiaunauiia |10 pg- |10°
spectrometry WRZLEANANNIRGAD 10 ng
ils¥q m/z
89 94
89 91
m’sﬁmmmwﬁmswﬁ
Gas Chromatograph Mass Spectrometer ialieneviansdiadreiuiiuasayls dufiauanflusslamg
El 1. ldadmuiulmizasssdadwduasnessiu - wdsnsevadaduaia
_— GC Column source ‘ Collttor Lirdmudulniasefuile anafiessiinusanzansuananofu iy
njector Quadrupole Mass Filter
— T ' aadud aaunnd dasiaslua llusy
7;01_.. o path — 2. wafia spiking vaniRnlnuiurasansiatussnauiy Taaduasans
i fuaslumsdadn dlannTnuasudlaiinlaAfifuilsdn waaiu
E.‘.: Fouiuduuaaein fnfuilunasasviisduaslal (known compound)
high vacuum
perlsznoundnvesioaialasinInnswl-uuamunInsfines JJ/\J‘/U\/
http://orgchem.colorado.edu/Spectroscopy/MS/inletsys.html %0
90 92
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nsvindsunalivasgi

« Ruiileia wiaAugvnasialunsvinALAIWItATIEd

TaenAguAua1sINATgIUY
« External standard
- Standard addition
« Area normalisation

Asiseneilaionu

124Tun153 Tz NI9RILIRR AN MINITLIWINE

a va

Fafl A9 AgRUUuAngIU a1s wavlfiicinstliasiad

ANSYINVIU

HPLC Lﬂummummnmswau‘iﬂu‘lﬂmsaoauusomum (high
pressure pump) amlaammmammmmu»ﬂamummﬂma
aaLedau? (mobile Phase) wiansiatvignidatdnnivdasiin
&5 (injector) Lﬂaaummuaumﬂmﬂmamﬂmm (stationary
phase ) givussaatilunadud (column)

m'mamﬂaaummuﬂaauuummqmwnaanm‘lunammanu
rHungiaiavnsiade (detector) amm'lmmmsaam"l,mjoam‘tusﬂ
Fuana'lwihaunatuariBinaaasaisusardinasaials tan
ﬁmnnma"anao"l,ﬂmmsaouumnﬁmm’nmuamwaaanmL'ﬂuim
N nuasy (chromatogram) sznausiafia (peaks) wasaNsV
HluavAlsznauuasanswauy

95

93 95
. - Mobile phase | ghuilsznaueing 9
lfl/]ﬂ‘LlﬂIﬂiJJﬂ“Vlﬂﬂwﬁlj’t’Nma’JﬁﬂJiiﬂuzgﬂ reservior wavLAsaviia HPLC
High Performance Liquid . :
Chromatography Far]
Guard column
!
\Analytical column \
|
Recorder \ ‘—{ Detector }—»\ Data system
Waste B
94 96

24



1 Solvent =
i | - Hm-
HPLC Column Data
pinjector
t AutoSampler
T 1-
Pump Detector  \yaste I

wHuAWEHuLsEAa LY 9 vave3asiia HPLC

A153QN

« Isocratic elution (fun1stdg1sazaran
ANNSRULAENAILAEIARANNTTYE ataazla
navuluniIsuan wasnsannaziinig

+ Gradient elution Taavinn151lsunsualIvin
Arane Aa NSHANAIVINATRE (>) 2 Aile

99

97

99

ANTLOTEN THUN LW

+ 8anlyd ‘HPLC grade’ wiaaaunwlndidng

o anafinsuanslIadaI@Iuc9 niatfuiwwas vialsuiay

- gaviinisnsavnausiauiusuauia 0.5 or 0.8 um filter

+ Twwnawlasasfinsidaudsnau Tnaawzdvinasanaiidn
g9 (11 &sararainWiwasg) tasannaindazaieledng),

AMuugAussaWaadauti (mobile phase reservoir)

. dumesgmsulasmvinasaradldiduvsiedaui fuue
dsvanel 1 &as

« anafiadnsaildlunsiaannmaiiazainad 1y aandiay

(degasser)
98

Lkl

M3z (M szuuunsidou 10 10-100 % B uaz () loTmasdan (Mayerq

o ¥ & 8 2 B

g

%

o 8 85 8 8

2004, p. 237)

98

100
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2
1 3,4+5 12 3 12
a+5 2
a4+5
60% 50% 40% *
methanol methanol methanol
5

2
30% 2 20% 10%
methano! T 3 methanol methanol
4 1 3
34 1 4
5 S
)
O 510 0O 51015 O 5 10 15 20 min

o o 4 { 3 Yo o
Naﬂlﬂ\iﬁﬂﬁ’n\lWﬁﬂmﬂﬂ?gﬂ1ﬂ!ﬂaﬂuﬁ MUDA U LHENAYIRNIANAL ﬁﬂ 1—

methanol 1ot

szunuasiiu (pumping system)

T HPLC fianusumunsivazaswsindauiinaslnasiu
P -1 <

padmidefiaunnuuadnussaag Anusumuazanadalal
aunaLdng wasaaduldfizuadnsdlra Jednduiiazdacladiy
AaNuFungusdungirdaunlvizgiunsalvuals

fuuardulsgnpuvindmeisainumudanisdnnsausiadavia
agaldeingg Mviisaunvia fitting uas flow cell vy vinsawnan
aflunaun gy inert  polymers 12u polytetrafluoroethylene
(PTFE)

fuunsatuigaandauinflsunaunn q leadivsafiaciaely
finnstinaag

Timnudulsds 4,000 — 6,000 psi
AuAudns)nIslualaszdusiauds 3 daddassdauiiluacing
UasauasmIn
ANuARIALARaUnaINITAILANANT IUasRY LAY 1-2 %
flfinesaalusiniaanuazainuazraHlunsuldauipaa
LANAUN 103

v o

Lifivad (pulse) wafidiilianwas (pulse damper)

101 103
aUnsaidusuiasanscdacing sfiaua \‘]‘ﬁll
msci']umssha;iwaMﬂ;JETmaﬁnﬁmswagi’[uél”m:tmm?iu‘]u i o a4 e
waunauanANgavinazlullle » mechanical pump tflutfunaiuaulvdnsinisiua
o o U WFLARaUNTIA1AIT
8Nty i st i o
.
microsampling valve p(xeurrla ic pump_ uilurimuqulvanuauuayg
microsyringe fa&156a819H 1Y ‘HELARaUNIAAM
septum

LooP Golumn Loop column

Sample, \_ Sample,
Pump —x Pump

Waste Waste
LOAD INJECT 102

http://www.lcresources.com/resources/getstart/2c01.htm

1. Syringe pump wag Constant displacement pump

fTuuafiafifidnwaviilunsyuangu (cylinder), doussadivin
asate'liud? dAugu (plunger) HuastARauuuusng
(screw) Wrunaasiias (gear  pox) leafl step tiud?
AmuANaaINT IuanasIgnaalaunilaaagllnliniu

FULARAUAETINEaIRY o4

102

104
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2. fuuuudngngu (reciprocating pumps)

fuufiafifluddantdsuinn Auguiuidasedaudidiaan
fAaaAIAINITYINeIU Wagnguindaudiiinasiilunisduly
aatadaunlviiingeadud wastAdauNaanuanzhy
igaratadaunan reservoir  LNFaNgUKIU check
valve uaavavgiliflunismiuaunisindauiinssiinlalag
AMsdiudasiimasnstngagurIuNataas LRTANAILAAT

Delivery Stroke Intake Stroke |
piston 1 Chock Piston Chock

Inlet
Check
Valve

Gheck
Valve

1329052336 (detector)

107

105 107
reciprocating pumps e 4 .
. - JuUAAaILAIAINTIRIA (detector)
aiad AL
o fusuesaalusi vin |« iAeWadduvinlvinnu . e .
Winsudauudasd | Laasdwmainasung :iamw"haalovuaz‘masysywmmansu (response)
viazanawiaipgna aAfiafidadinda :'{"f‘g;m""u o .
infouPlag |+ easd puise damper Lifinadanasilouulaonasaamaduas
) 23;3‘%;%2?&@“““ ) ’J‘s“?mﬁai“““w ) dassizasmsivazasndiefaud
e ¥ E%E%‘i unuAanu adalduazdiasanisldeu
. Samsluanags " , AanudNRusuagANUITNTULATFy I ALY
mmﬂﬁ'auﬁ'mﬁﬁa * igAnugeennlunis 2AILAAIATIATAAITTANIN
Raladibhl waaudvinaas tioL&u (linearity) Tuahvning
TaalsisiasAnfiofiy |, y,; 1 ; - o = VR
HERNNTLUNITN TidayatAgiAuaaainitasizidiniuiai
back pressure nay gradient elution favn1IAIAFAY
AUl
108
106 108
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AdUa aom’%mmaai’m

U39 TATIN TNAT A AR INAIFNTTAULEY

* wuy bulk property 13a general detector

tunisianisidfaunlavnaguiinig
AaAInadtWdgLAlaunsIndunasdlgn
azae 1fu refractive index tilusiu

wuy solute  property vil%a selective
detectors  (flun1sianisildauuilasuag
AIgARYRIULNEIALIILAILVINTY LU
UV-Vis, fluorescence flusiu

109

Linear detector range

Signal
Ideal

%— Real

- Detection limit

————————— - MNoise

Linear range

Dynamic range

concentration

m

109

111

Noise

O \IW
W

Detection Limit

Signal: noise ratio = 2:1

Cell Volume

peak broadening siasfiA161n31 10%
BunasneRaiuaungn sunasuasgiu
Aa 8 ul anaaninlaziinasia detection
limit

+ 151165 < 8 115U micro-HPLC

« Binasuavdinatnassafide tiailasiu

12

110

112
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UV flow cell
Liquid

=)

Light

Window Gasket

113

dans1hlatan atmateas
(Ultraviolet detector)

o gsatauaelatuaieauaniadu 190 - 800 nm

. fluTulesueasdmsuidananuanindy

« gusaldasamasiangleily

 mang&uAu gradient elution

. fvinazaraufiasneg Minunldiiuwsindaui
(mobile phase) azligandunavdansnhlatan

¢ SinsinasdUsinaniang le

« 2u1m 1-10 pL 1aam extra-column band
broadening

115

113

115

Performance of LC detectors

al =4 al
- #1INQANJULRIE
type |LOD gradient | Temp. Flow
LC detector (mass) sensitivity | sens.
uv s 100 pg-1ng | Yes Low No + double bond adjacent to an atom with a lone
electron pair, X=Y=Z (12u vinyl ether);
Fluorescence s 1-10 pg Yes Low No . bromine, jodine or sulphur;
Electrochemical | s 10 pg-1 ng No 1.5%/°C Yes *a Carbonyl group, C=O; a nitro group Noz;
+ two conjugated double bonds, X=X-X=X;
RI Gen. | 100 ng-1ug | No 10-4/°C No . an aromatic ring;
0/ /0 . ] _ _ _
Conductivity s 500 pg-1ng No 2%I°C Yes * inorganic ions: Br, I, NOs, NO,
Mass Spect. s 100 pg-1ng | Yes None No
FT-IR s 1ug Yes Low No 16
114 116




UV detector

. gi-58uda Anaweas 3 ufarifiaula leun
— 1. Fixed-wavelength UV detector
— 2 Variable UV-Vis detector
— 3. Photodiode-array detector (PDA)

"7

2.Variable UV-Vis detector

o unavAndausvlsenausia D, way W
lamps

- Deuterium lamps viuaouvusaiiiae (-
340 nm,

« Tungsten—halogen Tviugy9 near-Uv
wae visible (340-850 nm) dWnlaisiudu
NRAAMNIILN

« Julesupas aldduiuldanainu
ENIARUAUNGDINTT LG

119

117 119
: 3. Photodiode-array detector
1. Fixed-wavelength UV detector
(PDA)
Usznaueaa flow-through cell uazunavALdauas \ilu solid state desectorlﬂgznaumn‘l‘,mm“lm‘i,a% .
Teavindudusvaraaudnvindramanad s %;E;lﬂ%gfg‘ﬁmmum ANRTEY] MTUETIARULA
AULTRAUBIRNITRZAILNIATFIULRZEIHIALNY R q . "R
NeuaanINagkIunIsNIadmaiatnas 3981 FEUUNIILGUADIURIISLLULUULDULRY ~ Reverse
ﬁ‘l m%”! H13Y ‘I?:\I'I', ivl 51‘1 32 aLaas Soru Option” AaudsarnunavAiiaviaannraangiaz
B NLALAAR Waalwlalalan 2 61 riuliléls flow-through cell Aauazinlldoinlu
« fimatnaswu Fixed-wavelength unuliladfuua Tasinasnialnsnig
naaafliausalad mercury (254 nm), cadmium lauseriagasznuuuinsafeaznsyanaaaniily
(229 nm), wag zinc lamps (214 nm) ANLNIAAUAIINDUANNTENULULNIUAITWTH
1alaa
e scan 1msec/spectrum -
118 120
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HPLC-UV 214l

Grating Photodiode

b <

Mirror Slit Quartz plate U Photodiode

Cell

121

é’nﬂmzwaamﬂnm%’uﬁ"l,ﬂ”mnnjm’iﬂu 3 16
FEUIWANTOAANRU ANULNIARY LLAZLIAN

Absorption

121

123

Principle of a diode array detector.

Polychromator

Diode array

The photodiode array allow you to si 122
monitor a range of . or obtain complats spocira.

122

124




Ion-Exchange Chromatography

By Supaporn Sangsrichan

125

Ion-Exchange Chromatography

» Ion-exchange chromatography galalunisuan

nsnaziiu avueil 1956.

Wiauleify classical column chromatographyﬁ’l‘ﬁ”
silica w3a alumina wausTILILU N2 LAaN Ul
auralna Mudua1 nsuanasndudaulyd
vawunateiu dvludedaswaiunnsuannlu
AuaL5 da HPLC  uazfinsWwaiuiwaaan
wnune 5u8v ion-exchange chromatography

127

125

127

lon-Exchange Chromatography

* UMiN

NANNT

guilifiuav ion exchangers
Wauay mobile phase
nsiseaneildeonu

126

IEC

o inatlaNldd nsunanasdsynaundilsey

m'sﬂszna;.l'ﬁ'LLmnGTuﬂu"laaau"LGf LU
aj'sﬁum‘%r;‘l’ﬁl,ﬂunsmu‘%ama wasasUsenay
N&WTALANSUATATENAY ionic groups

128

126

128
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nanN19

Ion-Exchange Chromatography LR
agdl side-chain ﬁﬂsvnaum”mﬁoﬁﬁuﬁan%“ﬂ
muﬂsua L‘V\I&Lﬂ&aummu‘luma”ﬂsznanmﬂ
counter ion defida ”Laaaumuﬂswamsamu
AuAu ionic group maﬂuummaoaumﬂm‘m
tflu ion- exchanger waz counter ion flavag
°lu51ma“v|aumannﬂsvamaﬂnu resin  Tu
anwaizuav ion pair

129

AT

gsatiunad 128u sodium aluminosilicate,
montmorillonite

&13FILATIEN LU Zirconium
copolymerization

Huifiswsu auaulssaa %cross linking
(1-12%, 8% fiaula)

131

129 131
J . ajs‘l',wﬁma‘s“l?izi’i”aL'ﬂ'nw’"l,m"mnmsﬁﬂwﬁmaﬂsﬁ
JUAANILAA nilsuldfasdunesauannnsIndiuas
gsalasudule hfiaiuudu
‘Cation exchange: ‘ CH o, CH-CH,
X+ + RY* —— Yt + RX" a \ )
S OO
‘Anion exchange: ‘ styrene ‘CH:CHZ
. .\ Para - Divinylbenzene
X + R*Y — Y +R¥X -CH—CHE—CH—CHZ—;H—CHZ—CH-
\ | ‘
- . N A \ N
X = 1lanaudate @‘ \O‘ @) @)
Y = counter ion CH—cH, _CH_ CH,— CH— CH,—CH-
R = exchanger - @ @ @ 12
130 132
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snsautasfumuaasuifuasnysaildia e 2 ada

1 uflauanildauuan'laaau (cation exchange)
daistuaiavifivysiaAilunsaagluivayisingn e
lalaminnsadansn + Twduasuas styrene uay
divinylbenzen w3y SO;H dlesgl

Cation exchanger

P* Sample ion in the
mobile phase

Counter ion
lon exchange group

“CH— CH,— CH — CH, - k‘// S0uH
@ @ -Cl—‘l—CHZ—CH—Cl‘-I-
K\ - “H /\ sa
Qs () B, omels lonros,
|
-CH — CH,— CH — CH, -
‘ \
133 135
2 #fiauanilfaulaaauau (Anion Exchange) A1 aﬂ']')gﬁ MUY RU
daistuaiiavifivysiaAdluiusagluvazisundn wian
Taavhdgseniafissunonguasiuaduiwdwasdulal - .
flaluduiignyinaaalsuialaauan « fiauad ion exchanger,
e pH 22y mobile phase,
T « jonic strength (A1uL2iuaiY) a9 mobile
}- N(CHa); OH phase
s T ¢ 2%{iauav counter ions Tu mobile phase
.' T N(CH,),*OH
N(CH,)5*OH-
134 136
134 136
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(a) cation exchanger MbiwanLiulanau

guiieuay ION EXCHANGERS (b) cation exchanger Aiunndaiiiulaaaurionun
(c) cation exchanger Muandilulaaauuvsiu

ion exchangers filds ulngifitata & (@ coon  coon  coom
uantlaauilsyanfiauldugnadonise —

4 yAfiawsniiudtianuanfvufianuadnis
wantldauilsey ) coo~ coo- coo-

fladagiuindaduiusiunytondusi1en
myNeAtuasiansdaduisguiitiusnsdunsed
t2du styrene—divinylbenzene #3a fy4&n

_

\

©) COOH COO™ COOH

\

137 139

137 139

Sdeildsusanlinnlesoy Exchange capacity of a weak cation exchanger
with pKa 4.2 (left) and
of a weak anion exchanger with pKa 9.0 (right).

Abbreviation Meaning Type
SAX Strong anion exchanger Calicn exchange capacity Anion exchange capacity
WAX Weak anion exchanger
SCX Strong cation exchanger 1 |
WCX Weak cation exchanger 0.8 €00 NRzH* 0.8
AE Aminoethyl —CH,—CH,—NH3* WAX
CM  Carboxymethyl ~CH,~COO" Wex 08 08
DEA  Diethylamine —NH(CH,—CH3),* WAX 0.4 0.4
DEAE  Diethylaminoethyl ~CH,~CH,~NH(CH,~CH;,),* WAX
DMAE  Dimethylaminoethanol —O-CH,—~CH,~NH(CHs),* WAX 021 cooH NRp [ 02
PEI Polyethyleneimine —(NH-CH,~CH,~),—NH3* WAX 0 " — " 0
QA Quaternary amine —-NR;* (R :CHs) SAX 1 2 3 4 5 6 7pH6 7 8 9 10 11 12
QAE  Quaternary aminoethyl —CH,—CH,—N(CH,—CH3);* SAX
SA Sulphonic acid -S05 SCX8 140
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oifinavin s dusianuilsywafcnadu

1. aueuassdu finasadnsirluns
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Mobile - < iecto A
phase \;,_[,,/
reservoir
Separating
column
Stripping T T T T
column o] 10 20 30 min
Separation of lanthanides by cation exchange. (Reproduced by
- JL permission of Vieweg Publishing from A. Mazzucotelli, A. Dadone,
Conductivity™ R. Frache and F. Baffi, Chromatographia, 15, 697 (1982).)
Readout [\ ) Conditions: column, 25cm4mm i.d.; stationary phase, Partisil SCX,
\J,iff“f‘f,/ 10 mm; mobile phase, 1.2 ml min- 2-hydroxyisobutyric acid in
T water, gradient from 0.03 to 0.07 M; visible-range detector,
. 520nm, after derivatization with 4-(pyridylazo)-resorcinol.
G A o a S 148
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e Separation of nucleotides and related compounds by anion
exchange. (Reproduced by permission of Vieweg Publishing from D.
Perrett, Chromatographia, 16, 211 (1982).)

« Conditions: stationary phase, APS-Hypersil, 5 mm; mobile phase,
A=0.04M KH,PO, (pH 2.9), B=0.5M KH,PO, +0.8M KCI (pH 2.9),
linear gradient from A to B in 13 min; LiV detector, 254 nm
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" Gas chromatography

2) High performance liquid chromatography (321 Normal
phase/Reversed phase)

3) lon exchange chromatography (Cation exchange/Anion

exchange)
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