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Chromatography

By Supaporn Sangsrichan

ANUKUIEADITATHN TNATN

Chromatography = Chroma + Graphein
& ATLdau

chromatography auddrdaauaas 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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1906 Michael Tswett wanasidluiinmianstasa uaring
Auq wfu wile Ahena polysacharides, sucrose, Indulin

1930s Lederer uagnanisadug lavinnsiased
carotenoids, xanthophylls
1937 fintlo&a Chromatography tanusa iaulaa Zech

Meister
finnsWeiun Paper

: & column chromatography
1940s Ion exchange partition and column chro. wag
Busunaiia gas chromatography
1950s fimavuuay gas adsorption chr. uag gas liquid
Chr. (partition)
partitioning of chromatography 1as Martin and Synge
w9 the Wool Industries Research Association, Leeds,
England vin1%163us193a Nobel Prize &2 Chemistry
Tuil 1952
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Stationary phase = wamavi

Mobile phase = Waiadauti

Elution = auiun15ae wadisaanannAaauud
Eluate = s1svignae wignsaananaadu
Eluent = &5z widsaanannmaduid

Solid support = aymauasudsNarafains
aviinitiluaagual

Packings = auniauadudviussylunadui
Retention time = na a1 ldlunaduu

1960s Warurn1staduaasmaiinlasunin-
A5 # Tusu el dadl nMsunwne L&Y “a4
1969 fivadag HPLC anenifluaiousn

fnswamniu %fiaavauM ATy LAZMINTIATNLTR
6199 Vit inadiatiflunfianlzdeuldniteanenii
waila GC

Tiselius (Sweden) 165us19¥a Nobel Prize annvudu
Electrophoresis
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Chromatography
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Mechanism

1. Chromatography
Liquid chromatography
Gas Chromatography

Liquid Chromatography

1. Paper chromatography
2. Thin layer chromatography
3. Open column chromatography

(LSC) (IEC) (BPC)
Figure 1 Family tree of chromatographic methods. 7 0
Bonded
phase
e Tasuinnsllaaviiaruuunadu
’ | (liquid column chromatography )
Liquid-Solid Size exclusion | Reversed Phase | Ion exchange Capillary P o e
50 (5EC) (RPO) ey | Becwocvonstogaphy TasunInanfzastnaluuuaaduinv
amunalalunasuangsle 4 wuu Aa
1. Liquid liquid chromatography (LLC)(partition
chromatography)
Ion Suppression Ton Pair Micelles i 2. LIqUId SO"d Chromatography (LSC)
(150 i9) ol || GO || Feracion (adsorption chromatography)
(Meoy O 3. Ion-exchange chromatography
Figure 2 Applications of bonded phases in LC. 4. Exclusion chromatography
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N lasunnnil
(Chromatographic Theory)

TasunTnnil HuisuanavAlsznauuadsnsnau
TasadaAnuLaNGAINAAINITNTEANLUDIAIALTENAY
58139 2 Tg9n1a Aa Tpammen (stationary phase )
wazigaamdaui (mobile phase )

TuLanamaamsmqnu,r;lnavnsvawm‘tusymwwm 2 W& ns
aszanadmidudue fulszdnduasmsnsyanadn (Kd)

LR

wandaud

Distribution Coefficient (Kd),
Kd = drmasiizadnisnssanaen 0

Paper Chromatograpgy
—wivmuanuzaadwaiodadiuiasnn
nsAluuu Liquid-liquid chromatography

—udvauna‘lansuanda partition
chromatography
euivlaidn 2 ufim
—Normal phase chromatography
—Reversed phase chromatography




Reversed phase
chromatography

Normal phase
chromatography

Stationary phase flanufid | stationary phase finnufida
1nA7 mobile phase Waunih mobile phase

0 Stationary phase : %1 8 | Stationary phase :1in
syuLflanse 6-12%) R o .
izuuLianszane ( g AszaunaylaiuaIAuse

0 Mobile phase: Solvent Afl | fvinazanadue

3 Detection
navaINAsIEUEAIvinazaavlvioudl &1usa
ATATAALUUIIAIRNTTIgALENTAE
= haalan nIdiansid
= aEas9d UV
= aaaas9s IR
= 2628398 Fluorescent Linansiauaodiu
= A5AN&5 Radio active

polarity < i o Mobile phase: Solvent i = Vil gAsenAuansaugniva
polarity §9n3n st.ph. 0 aushalavadlaladiu
O Wy ninhydrin WianTaaminsa amino
O &5 AgNO; WiaaTam sugar
13 16
381 38

1. A9 spot &3 virliifinunaldnuazianau
2. n13 Developing 1ihnszansay wia wHu
TLC fifignsag urunldaslula Chamberii
fihaqauniidudiuadlasisag
— Ascending development

— Descending development
e 1-dimension
e 2-dimension
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Kd= Cs/Cm

Msviiansuanagiian Kd Muansrefudonaliianuaunsaluns
LAdauna9iu

MFYINAMAIWILATIZU
TaansufFauviaua Rf wia @1 (Rf)r aasansdiatofuasunnsgiu

R: : Retardation factor

Ri= szaymneviansiadaudle
seEEMNMVNasaILAlaun

(Ro)r : Relative retardation factor d1a1suigduing

Re= ssasvefiasiadaudtle
FLAENINATNIATFIULAAAUN

guiiGaavan Rf

o 1, lafivue 5

¢ 2. Mldannanmaaadtviniu

o 3. fidliAu 1

e 4, fuatdurtinuaddsuasuiinuadflivin
RELRL! '

¢ 5. tflumanizAarasinagusazans

n'\sjms—wy'a;)ﬂ'ﬂua'\smﬁmlﬁmﬁ’u Py}
UANNITHILL

o 1. fiffianfu
e 2. fiAn Rf winAu
¢ 3. fiszuunsnaaadthieniu
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Rf 7avi1s R= 1
—. dhatine X
Rf 2m9ansunassu Re = Z
X X
v Y
Y z RE dfaving (R, = /3 _rx X
Z X'z 4
X
L+ s & o 8 —]

a=a156aune

b=as5u1a55u

oo o P ol
X= szaznmeiisivinazaiaalaun

Y= szazneiiansdrattndaui

o P o
Z= SZAENINNASUINSFIULARAUN 20

o o
msmfSnadmnzn

A,B,C,D, E, F = standard of known amount of compound

M= mixture of unknown »

#15111iA1 R, 410 uanviasinasunia
o fsidauiilisivzann

e 8139nqaZulsvas

o gsazaa'len

A15iian R, vaa udavinansdinasuia
 fsindaulaiuiaan

e 8139nQaZUleuA

o gsavana’lavas

&15 2 aiiadian R, 6nvAu < 0.05 azhitAnn1suandu
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Usyiaand

o LduanasiUsunaiang 16 493
T1ai'le

o lfuan'leiossiduaslufid a1sluddly
Jianyiiriiauaddsuasmnddunaluadans
WU

o LiinaraIANNLSENEUAIANS

o 1naaaIV AR URTILINN S INARUANS
i1 HPLC

o ldfusatnoung e ludunau screening

fauuen
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Thin layer chromatography

o finannsuastnaiianaia Paper
chromatography nniszns svdunse uiie
2 WFAAIN

o Wusduuuwnilsuas plane chromatography

J n‘Juam‘%um“uwaan'\';ﬁ'\ column 3
chromatography ifiasannnisuaniindiuii?
szuu'ligoenn fhunsavinledanady

25

Glazs plgtes
ontroy = 7

4 '
11/ N Specic
applicator

/
,;/_.__Tmy 1 hold
7

/ glass piates
0

koadle is wened as shown, slurry is
d from bottom of explicator, which
cloag plates producing o film, the
< being governed by Ut fleages)

(3) Preparation of larger chromatoplates

waAe7A Stationary phase

>laaovisnansalfantavanauda iy vinlilAanns
waniae adsorption, partition (normal phase, reversed
phase), ion exchange size exclusion

»Plate finu1a 5x10, 10x20, 20x20cm
>anunuaasaistaday 200-250pum dusuaunia
2u1a 20um (w3anuinndrusu Conventional plates)
>iansuan ~200 3 Tutaan 25 min sgaznie 12 cm
>&saun3d wafu cellulose powders, starch, sephadex,
polyamides uag ion exchange resin

>&1satiunid 1y silica gel, alumina, glass powder
way diatomaceous earth
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Jan1stAszvisnanaiia TLC

1. n33aans

1af capillary tube 3@ (spot) &1staiuziu 0.01-
0.1%

gannuay 1-2cm

2uAAA&15 ¢ Smm Tdvinaauaiwiessud
AUAAAFIT ¢ <5Smm TavindFunaiiesieu
1of Pt-iridium capillary tube Tun133a (spot)
14 automatic dispenser system Aayuau
U3uasleiuen

—
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Sample Application as Spots
Camag Linomat IV.

30




Sample Application as Bands
Camag Nanomat.
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3. Detection n1505AUELNUI
AIFITUULNAR

1. drasfiauidd luminescence (fNsdunie
fluorescence, &safiunit;phosphorescence
phenomena) &1115005AUINTLTAILRIUDIANT
16

2. Widiuans fluorescence indicator avluans
aday Wassignasiataniiu non
fluorescence aztAatfluananeg a1sntldiadau
‘Isiun pyrene derivatives, fulorescein, morin,
rhodamine B

3. wu strong oxidant t2u HNO;, KMnO,, H2S0O,
avtAailugaden dusuansdunsed

2 Plate development

fadvinnssenamvinazalanauvinnIsuansns

waaldislumzdusila aeluussy  mobile

phase naudleaelasgns mobile phase (spot &3

vinudulu mobile phase)

3. mobile phase YLARBUNHITULWNARAGIAUTY
capillary  force (ludmsn’lime?i, hyperbolic
function) msiadauianaviiaszasIAingy

4, navnnmvinaraatrdaunleadssunal 2/3 wwan

1“ean1s develop siavvinnisseinadlvinazaianau

N =

4. Wiuans reagent AvimlFAsananwzaasns
L2y
-NH, vih4A3enAu ninhydrin

-Phenol Fe(III)Cl;
-reducing sugar  Aniline phthalate
-metal complex forming reagent

o

‘ [ o
C,

N (
/ \OH @ /C:N

@ d
| |

o o o o
MATATIAINTT .
ninhydrin Blue reaction product
32 35
Chamber types used for conventional PPC. (A) Unsaturated N-chamber (1, H
rectangular chamber; 2, chromatographic plate; 3, mobile phase). (B) Saturated N- d enS|t0mete r
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 L
chromatographic plate, soaked with the mobile phase; 8, second part of the 3
mobile phase). (E) Ultra-micro chamber, a special variety of S-chamber (5, glass \\:
cover plate; 9, elastic inert material).
—
—
5 \\ 8 b 2
(s s
Light path diagram of the TLC
scanner. Key: 1, lamp selector; 2, \’

e [eoN) 1B)

W anN 2

entrance lens system; 3,

monochromator entry slit; 4, "’ﬁ‘-
monochromator grating; 5, mirror; 6, < 2
slit aperture disc; 7, lens system; 8, i
mirror; 9, beam splitter; 10, reference L g

photomultiplier; 11, T
scanning object; 12, measuring

photomultiplier; 13, photodiode s &
(transmission).




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.)

37

Tasumnsrflaastarluuunaduyd
(liquid column chromatography )

Tasu A fzadtaluuumaaNinld
aunalnlunsuanasle 4 wuu @Aa

1. Liquid liquid chromatography (LLC)
(partition chromatography)

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

3. lon-exchange chromatography
4. Exclusion chromatography

40

Open column chromatography
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asuaninalasuninasiluuumaduniudasnisuanaadanssad
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Mobile and Stationary phase

Chromatographic

, Process Moulle pnase
B+A_ -

B Distribution: \q
K= CidCn — B

A
Elution through the Column -
I g Chromatogram

Mobile and Stationary phase 42




AUNALITI

* Aa.A. 1960
o < & dn i I ;
o dussfunasudenbiigwguiduwnu 1y glass
bead ¢ ~ 40 um uaziadausauauiaNL199
(w1 1-3 pm)

o anvudofidnuaziflugwsu silica gel, alumina,
resin #3a polyamide

* A.A.1980
eaynanlgussyaglunadui fAa
microparticulate dioiflunfiaulafuunnluilaqiiu
sifludaaiussalu guard column wialvvinnin
n3a9RILAaUUBANNNFITATAILMIDEIUATINE
iaRaunazruilddenadui vinliaanisly,
IunavaadulgIdu

38n193ATviaIaAaR N TATHN TNNH

1. mMaeanmAadul
o wirradnilasvinuansfiliiduansuaiuaan
. Lmaa“luﬂaa‘”aqﬂﬁﬂmﬂmum”mahé‘ wialaud
o salinaavizavdr lunaduid
Tifiaugeanusasns
o 52¥9 savlufithuufiningaeiidnias
ARBALIAN
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h (P 5%%\5; 0

£ ! °

rf‘é R
A = &

“(a) '(b) © (d)
O o | _

na'lnlunisuan (o = solute)

(a) adsorption chromatography,

(b) partition chromatography,

(c) ion-exchange chromatography,

(d) size exclusion chromatography, and

(e) electrophoresis. M

sgaduiiflunansiilunadinilasninand
wuY UasHALWa

High polarity Alumina G
Magnesium

Charcoal

Silica gel

Calcium oxide
Magnesium carbonate
Calcium carbonate
Potassium carbonate
Sodium carbonate

Starch JLeast adsorption

Cellulose 4

=

eatest adsorption

<

Low polarity

asuantdlaulaaau

ION EXCHANGE
INSIDE A PORE IN THE STATIONARY PHASE

Sample ions enter

! el Counterions our Mobile

_ - phase
Counter ions. - _ additives -

- competition
1. INJECTION Fomple lons 2T
@ // -

2. ADSORPTION: -
DISPLACEMENT OF
COUNTER IONS

3. ELUTION

msuanuldnulaaay 4

Partial structure of alumina

48




Silica gel matrix structure

H H
\ | o
yf ]
Si ; S i
/ \O/Sé \O/
)

——O N
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ssifiveAtunaaniwareafinasfouadui

Longest retention time
A

High polarity
Organic acids (RCOOH), base (NH5, OH")
Alcohols (ROH), Thiol (RSH)

Amines (RNH,) Nitro groups (RNO,)
Aldehydes (RCHO), Ketones (RCOR)
Esters (RCOOR")

Halides (RF, RCl, RBr, RI)

Unsaturated hydrocarbons (R-C=C-R’)
Saturated hydrocarbons (RCH,-CH,-R")
Perfluorocarbons (C,F,,.,)

\ 4

Low polarity Shortest retention time

fgaduiiiunansiilunadimilasuninani
WU SRS

elflumslduasudoifiinadion tdu woene
oTafu avudedfuwasnnfizagivial
NLfiTwalsarday

X cod 9 val % a o o & w.
3¢ savhvifiihvufiminulaaeitanias
ARAALIRT*
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3. vinnsdan

dunsifuansazanaidinai3aiiunsay
TunisrzansaananAaauil
TunsasansiatNiTwasagasaslaem
vitasaanfiTnalifgeals

ATNFUTTTWABELanG1AuUAa 1R YRS
CURIELFAITABNLTUAINAAINT TWRNIA 6N
nay
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2. T&aseatng

Taaldtlilagassdatvuarlaaalng
aavnunanga e bivinarafiminaadud

waylifndnvmaduu

fscnatnldfiTwarsdaedu d1ilu
uasiaalasunInns Il a1sndinaizdige
azag luaadNd lauIuNgn
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Eluting solvent

Reversed Phase Solvent Elution Strength
Hexane

Isooctane
Carbon Tetrachloride
Chloroform
Methylene Chloride
Tetrahydrofuran
Ethyl Ether
Ethyl Acetate
Acetone
Acetonitrile
Isopropanol
Methanol

Water
Normal Phase Solvent Elution Strength




4. \fugisenaang sial&eauay Open column chromatography

< o o ANTUIIAUNNAUTTA (packing particle)vin'le
« LAYWLUY manual TaatAuiias 1-10 mL 5 ! (P 9p )

Yool ' Auasdanan
mﬂsa\nnngfravctlop coIIec:(v)LrVT i . dszdndnumsuans
memsmnnmamouuna b iadtiaay « gavtAuasiugiug vintvldiauiu

e - 4 e . fal&euav Thin layer chromatography
5. msialsuaasiaananneadui

- ¥a1aa Optical method; UV, IR, » vindluszuudaTud@bile

Fluorescence « mMsvinghlewaliaai (low reproducibility)
« Electrochemical method; Voltametry, ¢« virFunadieneilalia

conductivity etc. s - nzAuATIlAE weFauansidassiy =

Fraction Collector Modern Liquid Chromatography

« dinsWanunaiia TeauavayunIAussy
. fdnswannduvatauuy
. dnsWandenaavatauiiadu

4 «— Counterbalancing
weight

([t::__\\,\__. S,m‘nn iube

(Callection.of

-~ | \ e 1l At 1967 finsussiing HPLC unlaou
1‘[ W HTT JT arunsItesgvitindla’lne 1ae Horvath
’J‘ ppe |
LU UL /-
_ Recorder 2iafiuag Modern Liquid
Conneczing /

wires Chromatography
/\ e —
FPhatocel! ‘///J

« paduUunlduaniidsednanwunndu Tae
fusatianufinuadtWgAIiLasssLLAaY
f wainfauinsanle

+ gesyadadlunuy non-destructive @a'ly

A

Constont flow g ianaas
pump g o oo M
/‘_J“ o paduUdausaldlaln'le re-usable
| WWMJ « MsinsitlunuudaTuddle Taaane
Fraction \ Graph snowmg' dunauingsiantaIaditae
collector compound emerging

| from the column  fimNugnNeEaY WU 6




wAAIAsUNTINA A
(Gas Chromatography)

61

2. Gas Liquid Chromatography
(GLC)

* T2fuannns partition mswﬂuﬁm'"aomsu,un
aglugn iy uis wia'la Wanuing
aaaulazuanaannnfulagaNuLanaI9ly
A1snszanaeat Tu mobile phase (carrier
gas) uag stationary phase Mifluaasiviaiii
LAlauatuufiuas inert solid support

64

Gas Chromatography (GC) tfluimafinnisuanaiswin
i1 polarity 6 asdadvsassumeailuudaniala o
anfinans carrier gas ilu mobile phase WiansLzng
AaRugel stationary phase

7ilu liquid w3a solid vinwiniiuanansuazgnasiadn
Tughuzavfwmataassaly

1. d stationary phase iilu active solid iFaniadiaiiin Gas
Solid Chromatography (GSC) na'lanisuanuuugadiy
(adsorption)

2. & stationary phase flu liquid ﬁtﬂﬁanmaq UURIADY
inert granular solid support inafiafi3anin Gas Liquid
Chromatography (GLC) nalnaisuanuuuuiiswen
(partition)

62

fiutlsznavddyuadiaiauidiag
1NN (GC)

- shudax1s (Injector)

* tanay (Oven)

+ Aaauu (Column)

« Meiadeyayrau (Detector)

« syuutiuvin uaziAuraya (Recorder,
Integrator)

« wanladazuanslusuas TasunInunsy
(Chromatogram)

65

1. Gas Solid Chromatography (GSC)

+ ldfwdnn1s adsorption 1ag stationary
phase \flunasude Axusagadussiily
ufgusa'lafeasnisuan’le Tduana1snd
Tuanatdang nansaldswduudansala
1aadl active solids (adsorptive particles) 7
ussyatlumaduiiiilu molecular sieves w3a
porous polymers, silica gel, alumina wag
activated carbon

63

Gas Chromatograph

SAMPLE

RECORDER/
DATA SYSTEM

GAS CYLINDER

11



Sample injection

7 & [-%4 o
ﬁ/ syringe LWA Al
Injection port
P

+ Syringes
— Plunger-in-barrel (5-1000 plL)
) L Computer — plunger-in-needle (0.5 or 1 pL) gaastvin'lsh
Gas By pass Detector "lm”auﬁa 1 B L .
ylinder valve —5 uL syringe anaaslandvas 0.3 L e

Capillary Columns

anssuasuAd &1su 0.3 mm i.d. wall coated
Fan assisted thermostatically controlled oven Open_tUbUIarSV!COT) ﬂsxmmfz mL mln-:
solvent 1 pL fif3uas 0.5 mL 7 250°C azifia

) & i {leynn band broadening siavfiigan1sAainaneg .
avAlsEnaunNug uaadtAIay GC

A Scheme of gas chromatography.

Polyimide coating

Sample

Sastlow (He)

g o n o @ - oot

Fused silica

1 ligh LowT Column
affinity o affinity o

staticnary stationary

phase phase

B Typical chromatogram of a cell extract of C. glutamicum.

www cubicuni-koeln.de/.../metabolom.html 68

Capillary GC column B
o [:f}rti;mi ].a[}r_eﬁ)n:n l'm"-lfzﬁl :[1:1 pillary \]jr'u_i! (I.‘uat{u:lltlpcn
F~3 H uhalar Colomms. - “ubular Column
ﬂmauum‘ua\i SOIld sSu pport (PLOT) Column LD <lmm) WCOT) Column
R
* inert 3
« i large surface area ; 3
« regular shape w3a uniform size
. iai L
Solid support MAfiaulada celite wiaanaly Fartick: Layer i
glass beads S50 pum D105
Tube LD. Tube LD.
320-538 pm 100-530 pum
69 Different Types of Small Bore Columns 7




Carrier gas
« vinwin7inn volatile component Tunadui fnouaniis

2 aa

inert ‘Luvindfazendusisalacg wia statlonary
phase

* viamiiwn separated component "I,ﬂtm detector

QREDIY
sample; liquid, gas, solid (solution, pyrolysis)
Micro syringe wuu liquid w3a gas tight syringe
Sample valve (reproducibility > 0.5%)
Head space analysis (solid, liquid sample)
Auto injector
Autosampler

76

AaudANldAuas Carrier gas

aaa

inert vl §AsenAuansisasnisuanuia
stationary phase

fnsunsiasuasfiiutnTuanasi
vabalikalzhblh

wariauudana g9
wingAusTILaTIRTanily

uAswiiaananviauAaarsvinlwusans
Taaruviafusgasle molecular sieve
wahauda'laiinialaidiy

74

1) Injector

Aa mummsmamaa”nnammeﬂsao LAITLAL
tilu gas wsaununnm‘lmﬂumammnu Aauriay
12ng column amuﬂummmuan’uao injector A3
Hluaamgiigowadiasvinlvians dadhesnunsa
sune'lauesagligavinlvidgarady (decompose)

+ Solvent #ildazatassdlatng laun ether,

heptane #3a methanol

- anunduas injection port fasgewaazvinlwans

fatraianisnarailulaleadnesad) wesaely
vinlvigsdhatvgaradinargininauugiinag
AaANY 7

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 wag
anuungdl Fannaaungdl oven guga 50°C
—injector temperature < anuniguda stationary
phase nnu'le 7

2)0Oven

fa fHuilddmsuussa column a1y waziilugiu
mmuﬂuamuﬂu’uaa column ’Lmﬂauuwmumm
wiIvaNAuaEsTignia mamvmumaa oven iuay
sunsadfulldets 2 wuuda

— isocratic temperature (isothermal)

— gradient temperature (program temperature)

aafiuasnisvia gradient temperature Aasnunsalaifiy
fsshatvnfiaatfiannite (wide boiling range) wazs
ahaaanatlunsitasey (analysis time ) avladnsne

78
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Temperature programming

\ /\ Isothermal at 45°C
sty s s
M Isothermal at 145°C

—

Programmed temp. at 30-180 j

g

Detector

e general detector ausansinasle
viaaq dssian _

» selective detector ZivazdusaLiu
Lawwumsmuimaasnmwwu, i
functional group #3a atoms Ad1LNWE
CRECN)

82

3) Detector

h muma“'wmmumnm aaﬂﬂs“naumuaﬂ’lums
faatg @ﬂmsmswau‘lauuuﬂsmmaqmﬂi dy
ANUFINITAARINTATIATATUITTuadAudiinuag
detector Midanty

fHuilsznauidrdyaasiaiaudaiasuiinasu
Aa detector

detector aummitﬂaﬂutﬂuﬂzycywmma electronic
Aaugelddedrdseuranatdavinnisidautilu
ﬂnuﬂuwuﬁnnnm"l,maanmuju chromatogram
autiun1sLdan detector FesavvinlvilnunsauAusITNi

AWILATIYU
80

a

Detector asadiaansniau

1. Flame lonization Detector FID

2. Thermal Conductivity Detector TCD

3. Flame Thermionic Detector

FTD

4. Flame Photometric Detector FPD

5. Electron Capture Detector ECD

6. Photoionization Detector PID

7. Electrolytic Conductivity Detector
EICD

8. Mass Spectrometer MS

9. Pulsed Flame Photometric Detector

83

PEPD

dguiieiaay Detector

o anuhiAewa

o LHALTAWLARTUUULNY

o VDiFdeuaaduiusiuaNuNduss Y
§umsaluarening

e Aoz RT - 400°C atinviias

* NANNAUFUDILT

e fiAnugnsiag undada

o iANUALWITFY

livinaaans

81

Exit Gases

Insulated
Connection I T I Ins ulate d

to Collector Collector

Ele ctrode \ Ele ctrode s
—+ }
Insulation —
Insulated k‘_t:-iE
Connection

to Jet
—_—
Hydrogen

Capillary Column
Carrving Mobile

Phase (Hellum)

__— Flame
Insulated Jet

—— Insulation

Air or Oxygen

fo
Combus tion

Schematic diagram of a flame ionization
detector for gas chromatography

14



1. Flame lonization Detector (FID)

finudnwazuays GC Awmatnasliuaeuafinnunnatng
nANAS

msz&‘umﬂ”l,amaamﬁ/"iaanmamﬂaﬁuﬂutﬂaﬂ}\lmaa
1a@lasiauluaimaniaaandiaunazinlaaauiiaduain
avdlsznaunasiiniaanatnmadutiuay GC Usuran
gruisansiaiaaga  (minimum detectable quantity;
MDQ) windy 101! afu wazdrvuavasivunasgiuiiiy
L1&umsodiy 107

msﬂsznm.mmua:iwaﬁ"l.ﬂmmmmsmim‘imu FID 12du
1a1a5tau lulasiau U1 latasiauda’lued davasie
aanlas wanTudfiauazarsuaulaaan’laie

fslsenavlalasansuauiazanaiaiag FID laagsasanunsa
funszuIunANsaandiatule

85

'
g.al

aneagtlFauiauuay GC fumatnasnaAgy

. . . AN 2439
fvanas nanNAS LPRHERIRTRH Ja0ly | dunse
wasianau Jamnuuanstvuas | §uadnavsa 10-10 104
ANAIGAINA AnsinANNsau | &sdsznaunn
a3 (TCD) ADIUAR ativ
wanlaaaulu | wnansdsznauly | duaveavsia 1012 107
Ltfuina WarW H,/ O, @ | ansduvsen
a3 (FID) 2000 avALzaLdad | Sansagnaand
lad
sudnasaunaw | famsulfouwlas | pausuassa 1014 103
RasiALART | UBINTIUR asusznaunn (106
(ECD) Adnesauiiiinan | adevvind§Asen sty
U§Azenann Audidnasay pulsed
auﬁﬂiznauﬁum%ﬂ operati
Audidnasau on)

=

2. Electron Capture Detector (ECD)

Detector afinfiiilu selective detector awie#ilaia
Electrophilic compounds atinsiztu Halogens, Nitrates uag
conjugated carbonyls avdlsznaunanuay detector fida
63Ni doazlu electrons wiafinszud WA tlaaisiiiu
electrophilic compounds 1in'l3udy electrons ilunalvil
nstl&aunilaszavnszusalunisiagniwge ue linearity
range wau

fun1svitAndulunisia Polychlorinated  Biphenyls
(PCB) Tmailaf Nitrogen gas tflu Make-up gas

Ng Ng+ + e

PCB + e PCB
PCB + N, — neutral compound

Schematic diagram of an electron capture
detector for gas chromatography

+ve Electrode

Carrier Carrier
gas in gas out

-ve Electrode B-Emitter

Properties of Some Gas Chromatography
Selective Detectors

Detector Selectivity mode Approximation
sensitivity (g)
ECD Affinity to low-energy 1013 - 1014
electrons
Thermionic Nitrogen, 1012
Phosphorous 1013
Flame-photometric Sulpher 10°
Electrolytic Halogen compounds 10™M
conductivity
Ultraviolet Aromatics 10°
Photoionisation Partially enhanced 101 - 1012
response to certain organic
molecules as compared
with FID (not truly 89
selective)

NSNAUNINILATIEU

Wiasianiansdadneiiiluansayls fdudauaziiluansiaine

1. ldendmudulvizasansiiatnoduansuinsgiu  waasevaiiaduaia
Wiesmutu'lminsodudls aradieszvidausannznisuansioiu wau
aaaull aaungdl dnsinsiua tlusu

. wafla spiking vanifnlnuilurasansialusnswauiu Taaduansans
fuaetussiadne dlasinInunsuilafiiinlaifivuiitavin wianwu
Fowinduuanein Aaduilluaasansdisnduastal (known compound)
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Quantitative Applications
- Auilafia viaanugezasialunsvinaaunIw
A5y TaaiaudussunasgIu
— External standard
— Standard addition
— Area normalisation

Tdlunsiesgimedominaay mnisuune
el N3 Agaalunangiu aanls waslfiignstlinsiad

91

Mobile phase frulsznauae q
reservior AadlAdaviia HPLC

Pressure gauge 4{ Pressure sensor
Filter

Sample injector

L
|Ana|ytica| column ‘

Recorder | ‘—{ Detector }—>| Data system

94

Waste

— Solvent =

matialasu Innalveunalaussous g rtH H =}

HPLC Column Data

High Performance Liquid '-ffﬂ?ﬁgmpuer
e ]
Chromatography oo 4 1-
Pump Detector  yyaste I3

wHuMWRIULsENaUETY 9 2adiadasiia HPLC

ANTYINIU

HPLC Lﬂummﬁﬂu.r;lnmswanimu‘lﬁm‘s"aqnusqﬁuqo (high
pressure pump) guzadiuaiviadiviazanadevinmiviiluiy
aALARau’ (mobile Phase) wiansiatnaigaiiainnivdasia
&3 (injector) wndauiituaymaniiuigaaaei (stationary
phase ) dvussyatlunadui (column)

swsundaufkunadiuaIzgnuanaanntunaaeAu
Wuhgasasnsain (detector) fyanaiasaialadealugl
Jyanadlwhaunaiwaniunauasdisudazdianaiald 1o
Jyanarzgndslifasasiuvindyanaudasnaaanuuiuiag
' Inunsu (chromatogram) dsenaushaia (peaks) vavansi
uasdlsznavuasansuau

93

ATLEZENTHU AW

« danlad ‘HPLC grade’ wiaqauanlnadides

« anafinsnANAIadaRTI@IUAIY iatduiWiwas wia
dsudan

+ siagfinisnsavnauadrauniusuauia 0.5 or 0.8 pm
filter

« Tuunawasasiinsidaudanau Taaawizadvin

oo &

asaanfidigy (U &sazaratiwinas) wasann
anndAazareledne),

96
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P A = .
AMAuznussnEmdaun (mobile
phase reservoir)

. Lﬂum6\§i1u§u‘taiﬁ';1/i1azmm‘/’i“t?j"l,ﬂw,w‘ﬂ
rRaun faurndszunar 1 809

« anafinlnsalnldlunislaarnAfazaaat
12u aandiau (degasser)

97

alnsaidrnsuiaaisciacing
(sample introduction devices)
AsruRscatvnlddvnaduinisazas
TudneasiidulauiuauinnNgaviniag
Hulalle
amsfionly
microsampling valve

microsyringe 3a&15
AatnIu septum

N3N

« Isocratic elution tfun1sldasazaiai
NERULREAILAENARaANITaY anaagla
natuluaisuan wasudsannazinig

« Gradient elution TaavinA151UsunsuaIvIn
avale Aa NMsHaNdIvinazate (>) 2 ufla

98

CAPILLARY TUBING

« Capillaries (o.d. outer diameter) 2u16
1/16 i1 (1.6 mm) (funifianldiuaaduund
wwusaugnatgnalu aua 0.17, 0.25,
0.50 uaz 1.0mm

101

Isocratic vs Gradient

L
L

T
10 min

!
N\

99

szuunasiiu (pumping system)

Tu HPLC dianudiuvunisinazasins
iaRaunnayivarunaduideiiaynia
UALRNUTTIRE ANUEIUMIUIZUNALTD
ldaynadng uazaaduifauadnes
Jodndluiiagsasladifuauduigeduna
aRaunTvgunsalua’le

102
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UANANITLAAN pumping system

ﬂuuaumuﬂimanmmwmmmmummmamsannsau
saafvinazalaegg ellsauvievia fitting uag flow
cell 1afu vinsanan'lsafiunanIwgs inert polymers
Ldu polytetrafluoroethylene (PTFE)
ssatduigaatadaunnfidiunaun 9 laadie
aalflasiaelifinnsdnaas

Timudulsde 4,000 — 6,000 psi

muﬂuam'lms“ma"lmumnmaum 3 iadfnssauii
Lﬂuamauaml,aumm

mmﬂmmﬂaauwaomsmuﬂums"mam’ao"lmﬁ‘u 1-2
o)
o

ﬁﬂjmgsmu‘tgsﬁLﬁammmmnumsam%ﬂums
uldauigaapdaui

S |

Laifiwad (pulse) wafidhAldanwad (pulse damper)

duuuudngnau

(reciprocating pumps)
tuufadifluidauldduunn Auguiuiag
tAdaufiidnaanaaantIaInIsvineu ila
anm.lmaaummawtﬂummua;}mﬂ
mdaunlvidngradud wasitalauniaan
uanaghvtaIIgAIALARaUNIIN  reservoir
1ganguniu check valve uaavavgiiily
ANTAIUANATITLARAUTATLYIN lA TR AT U5
d031157209015TNQNFUKIUNDLADT LAY
AANNILAAT

106

AfaUDILT

« mechanical pump uffuAaiuauln
Fasnsluazasinandauniieiaei

« pneumatic pump tHutluAniuaul
ANuGuuad N A& auTisiaaoT

Delivery Stroke

Piston T

Cutlet
Check
Valve

Cam

Inlet
Check

B Valvé
Syringe pump uaz Constant Intake Stroke
displacement pump Piston Check

Sa o

ﬂuﬁumuuanwmumuniuuaﬂﬂn (cylinder), 9
ussamma”muhum umuau (plunger) aivag
maaummuani (screw) NIUNRAILANS (gear
box) 1qufl step Lﬂummnﬂuamwms“l,uawaam
mMapdaunlagagldvinlmuguinfauiisivia
av

105

Valve

Cam

Check
Valvé
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reciprocating pumps

2iad daiRe
- fdsinespialusn vih |- Aewadduvinlviaiu
TinsudRaunilasdn Taavfitnataasiung

araraniaignia Afiafidadindm
wlaunledis | gaefl pulse damper
o MSRITNAALARAUN |« 1S3esuRI5EUY
avagluanmoe senivtufumadui
fatiag VAU
: 5ﬂ57ﬂ1ﬂ“§”ﬂaﬂi} « inAnugeennlunis
MALARAUNIAINIA wasudivinazans
lobifasio®s . inrztunn
< P! gradient elution
Aa N

Afinuadiazavnsaialuniasing
NN NU2ILURIANTIOULFY

* wuw bulk property w3a general detector
WunisTanisldsundlasaaduiidnie
AMaAINAINALAR A UNTINAUUDIGIQA
azane L2y refractive index ilusiu

* wuy solute property #%35a selective
detectors Lﬂun']s‘mn']sl,ﬂa"ﬂuuﬁvawaa
AIgARTRLNAIAENILALILYINTY 12U
UV-Vis, fluorescence (ilusiu

12

1n3avns13dm (detector)

10

Noise

(0} (b)
it M

113

suliduasinsasnsraia (detector)

« fgawhge uazlvdeyananaudy (response)
Aaaazule

« Didyananausuldiuaisnnuie

« hifinadanisiddaunilavyasgaungiuasy
dnsusrzasnsivazadwdiafaun

+ adalduaviiasanisldeu

. mm{uﬁuﬁﬂagmmal,ﬁw"uuazﬁfyzywmman%u
2avLAIInTIATAAITTHININ

* iaLgu (linearity) Tuahaning
« DitayatAerduaanainiasizidiniudai
#a9N1TATIARAL
11

Detection Limit

50 ng

Signal: noise ratio = 2:1

114
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Linear detector range

Signal
Ideal

— Real

,,,,,,,,,,,,,,,,,,,,,,,,, - Detection limit

Ly R Sy k- Noise

Sample

Linear range concentration

Dynamic range

115

Performance of LC detectors

LC detector type (Ln? :ss) adert lgnms?fivity ;l;v;
uv s 100 pg-1ng | Yes Low No
Fluorescence s 1-10 pg Yes Low No
Electrochemical | s 10 pg-1 ng No 1.5%/°C Yes
RI Gen. 100 ng-1ug | No 10-4/°C No
Conductivity s 500 pg-1ng No 2%°C Yes
Mass Spect. s 100 pg-1ng | Yes None No
FT-IR s 1ug Yes Low No

Cell Volume

- Bueszavimainasaasfiae wailasdu
peak broadening siaviiFnann3n 10%
BunasnreiaiLaunae Usinasinasgiu
Aa 8 ul enaaninfiaziinacia detection
limit

+ 131165 < 8 & %5y micro-HPLC

16

dans1hrlatan Atmatnas
(Ultraviolet detector)

funsadanaslaluzheanueniadu 190 - 800 nm
fluTuTesueasdmiuidanmiuanndu
susaldesiamansiiadelaiialy

WaNe&NAY gradient elution

fviharaaadiac1eq Minunldidunsindaun
(mobile phase) aghigandungvdansiiilatan
g asiilsunaniasg le

2u1m 1-10 L wiaam extra-column band
broadening

119

UV flow cell
§ IL///{A_
AN

17

]
o =

f13NanJuLIE]

double bond adjacent to an atom with a lone
electron pair, X=Y-Z (12u vinyl ether);
bromine, iodine or sulphur;

a carbonyl group, C=0; a nitro group NO,;
two conjugated double bonds, X=X-X=X;

an aromatic ring;

inorganic ions: Br, I, NO3-, NO,

120
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UV detector

. gi-38da Awmawmas 3 ufiarifianla laun
— 1. Fixed-wavelength UV detector
— 2 Variable UV-Vis detector

— 3. Photodiode-array detector (PDA)

121

3. Photodiode-array detector
(PDA)

tilu solid state detector Usznausmaininlalan
Fuunn anadauselenaian anueneaule
Tuaasifendu

szuuvItiuaasuadztilunuugauuss  Reverse
Option” Aaugvnnunavifianiaannnaaniay
wullé flow-through cell Aauazinlddotuiu

Tasipasuialnsnéiv

Lﬁaumﬁmfnnszmunumm foaznszanaaaniilu
QT{N E1IARUANIADUANNTENUUULHIUDI THTH
atan

scan 1msec/spectrum i

1. Fixed-wavelength UV detector

Usznaueae flow-through cell uasunaviiinuss
Teavinfludawassraaudivinadraalranad gy
WULARFUDIRNTATALUIATFIULATRNTAIAL
vk uaanunaziIunITnsavalIaflatnas Jenu
Tl Taaad wiaTWlalalan 2 67

« fmatnasuuy Fixed-wavelength wnululadfuna?
naaandfiaugeled mercury (254 nm), cadmium
(229 nm), wag zinc lamps (214 nm)

122

HPLC-UV v

Grating Photodiode

b 4

X1 I

Mirror Slit Quartz plate Photodiode
Cell

120

2.Variable UV-Vis detector

o uwnavAliausdlsenauela D, uae W
lamps

+ Deuterium lamps Tvingsnuusiatiiag (-
340 nm,

 Tungsten—halogen Tyiua9y29 near-UV
uag visible (340-850 nm) dnladsiudy
NRAAGINLILN

- fTlulasuupas WWalddwiuidanainu
gMIAAUAUTIARINT L6

123

Principle of a diode array detector.

-‘O\_ = Polychromator
Lamp /
Cell /

Diode array
600 nm

|: praprocassing

200 nm

Photodiode array detector

126

The photacioda array allow y
monitora range of . or oatain cor
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ﬁnwmwaamﬂnm%uﬁ"l,dmnnjﬂﬁﬂu 3 46
FEUIWANTAANAU ANUENIARY  LAYLIAN

Absorption

lon-Exchange Chromatography

* UNMin

nanNNg

o guiifiuag ion exchangers
wWAa2ay mobile phase
nsisegneladenu

130

Ion-Exchange Chromatography

» Ion-exchange chromatography gnlatunisuen
nsaazilu doueil 1956.

o iaulafu classical column chromatography e
silica w3a alumina ugussatsdu uia vaavildd
auralug AIUFUEN mmﬂnmsmmmjauw
nauIunale iy muuaaumswwmmmunm‘m
ANMUTIAEY Aa HPLC  uwasfinswaruniwanail
uauNe 57UdY ion-exchange chromatography

131

Ion-Exchange Chromatography

By Supaporn Sangsrichan

129

IEC

 wmaflafilddniuuansnsdsenauidlsey
msﬂs:’,na;.lﬁlmnﬁuﬂu"l,aaau“m” Ly
ﬂlwsé‘um%‘ﬂﬁtﬂunmu’%ama waraslsynay
N& NN UATATENAL ionic groups

132
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nanNNIg

Ion-Exchange Chromatography wangi
agdl side-chain Mdsgnaudiaerduianiy
ifidlseq LWﬂmaaummu‘luma”‘ﬂsvna‘umr;l
counter ion mnﬂa laaautisilsy AT
Aufu ionic group mannummaoaumﬂm‘l?j
\lu ion-exchanger wuag counter ion fiavas
lugnneiauaadulseaiaguu resin - lu
ANBOLTUAY ion pair

133

aj‘ﬂwﬁmasmmLﬂ'ﬂ"u“’lﬂmnmsmiwama‘i"l,sq.f
nisnlddalsduniesaunannnansnduas
gsaleasudulalifiaiuudu

CH=CH, CH=CH,
{ \
/\ ‘//\
x O @)
styrene CH=CH,
Para - Divinylbenzene

CH7CH 7CH7CH 7CH7CH —CH -

@ @ O

D)
i
-CH — CH, — CH — CH, — CH — CH, — CH -
| | \

©; @“ © 136

7 ‘\

JUAATILAR

Cation exchange:

Xt + RY* == Y+ + RX*

‘Anion exchange:

X + R*Y — Y +R¥X

X = laaauslaciig
Y = counter ion
R = exchanger 124

AusautioisBumuaaaENfuacns g ldn e 2 uia

1 afiauanildauuan’laaau (cation exchange)
Aasduaiianfivisiniidunsaagiurvazlsundin we3au
lalaminnsadanin + Twaluasua styrene uay
divinylbenzen %3 SO5H diagil

W\‘ SO, H'
-c1|17CH27c1|17CH2- \\|7 }
( A\‘ ,(}‘ -CH— CH,— CH—CH -
A ) | |
g ~ A p
(V-so/u (7))
N7 )

i
-CH — CH,— CH — CH, -
| |
O
W) \

N~/

- SO, H'

WA

o gsaflunad 12u sodium aluminosilicate,
montmorillonite

e &1389LAT1¥U 12U Zirconium

¢ copolymerization

o 1sBuifigwsu MIuAN'lEFIn Y%cross linking
(1-12%, 8% Hianly)

135

2 ufiauanul@sulaaauau (Anion Exchange)

& e

daudunfiaifvysaiduusaguiazinngn wdau
TmumﬂansmLﬂuivm'muumaamanniwamasnn"l,m"l:a
flaluudunignvinaaalsiuniatanual

I

f\@r N(CHy);*OH"

CH

CH
|

CH,——CH——CH,

CH

CH,—

;ler(CHz)z*OH'[;ij N(CH,)*OH- [: ‘]
138
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Cation exchanger

P* Sample ion in the
mobile phase

Na* Na* Nat Counter ion
SO5~ SO5~ SOz~ lon exchange group

Na*
Na* Na* P* A sample ion has
displaced the Na*

SO~ S04 S04~

%
139

o 1 dqYu o =
ﬂwm/l“l“vnumu,amﬂasu"laaau

Abbreviation Meaning Type
SAX Strong anion exchanger

WAX Weak anion exchanger

SCX Strong cation exchanger

WCX Weak cation exchanger

AE Aminoethyl —CH,—CH,—NH;*+ WAX
CcM Carboxymethyl —CH,-COO- WCX
DEA  Diethylamine ~NH(CH,~CH),* WAX
DEAE  Diethylaminoethyl —CH,~CH,~NH(CH,~CHs),* WAX
DMAE  Dimethylaminoethanol —O—CH,~CH,—NH(CH;),* WAX
PEI Polyethyleneimine —(NH-CH,~CH,=),—NH;* WAX
QA Quaternary amine —NR3* (R :CH;) SAX
QAE  Quaternary aminoethyl —CH,~CH,~N(CH,—CH;);* SAX
SA Sulphonic acid S0y SCx42

ANTNRAICTALALZEN

 2Afiauay ion exchanger,
e pH 2a9y mobile phase,

e jonic strength (A uaiu2iu) aag mobile
phase

« afinuay counter ions Tu mobile phase

140

n = T |
(@) cation exchanger v'liuandiiulaaau
(b) cation exchanger iuandiilulaaauivnua
(c) cation exchanger Munandiilulaaauuneaiu

(a) COOH CcCOoOoH COOH
> o -

s\

b coo~ [ololohy coo~

N

©) COOH CcCOO~ COoOH

A\

143

fgudfizas ION EXCHANGERS

ion exchangers 7Afldauluaifidatia &
wantlaaudsyanfianldugasdnisy

4 ﬂﬁmu,lsmﬂumtiaﬁnanﬁwﬁmaams
wantlagusyy

ftatiad uindaduiusiunyWerdusen
nyWeAtuazidansaduisguiiilusnsdunie
t2u styrene—divinylbenzene w3a fydan

141

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

Cation exchange capacity Anion exchange capacily

1 1
00" NRgH*

08 08
0.6 0.6
04 04
027 cooH NAg [ 02
0+ t =0

1 2 3 4 5 6 7pHE 7 8 9 10 11 12

144

24



Forifinavinlvisduinnuilsenadsnaiu

AUNAUDILTHU

Degree of cross — linking
Strength of functional group
Number of functional group

AL

145

ANuFNNTaGIgaITIdLTtudulanau
gnsadnalsgannnuavnaaull

q(ion) @a dszauav

laaau
F o 49> q(resin) @Aa Usequav
7/'2 laaau
r fa 3UEWINLAY
G0 q o Uszanivaay
on1resin
m - - -
2
r

148

1. auauavsdu duasadnsiiluais
wanl&aulaaauuasnsdusniuuag
dagangaan’annAadNU

2. Degree of cross — linking azfinavin
Tvitsduianuudy Jnswaeal uazdl
AUATET AU

3. Strength of functional group finasiaan
fuilszdnduavnisnszanauavlaaau
synsdudusnsazans

4. Number of functional group finavin
Tvitsduianuyaneg fu

146

grungLaasidniumuaunisdssna s
aav'laaaulunisuanid{aunadisduaail

1. lussazanmihifimuenduaasiaaausig
laaaunfilssagoninazuaniddaulaaaudus
Au'ldfinia

2. “laaauﬁﬁﬂsxawijﬁu‘j,umimmﬂﬁwﬁ'ﬁmm
winguan laaaungninldesynleiaaninag
wanulaaulaaaudusdulsasinin

3. wdudifasadantavsnedu asvinliiAnns
WRan'le

4, mmm"yﬁua;oﬂ ANUUAAGIIADINNILADA
laaaunfilseasviuazanas

149

ngniswaan (Selectivity rules)

Ion Exchange Chromatography &unsa
uanlaaaunsaluanale iasannisey
laaaunsaluananifidsyaseAudeldina
atlumadudseAuntiduat iy

1. ufieuagisdu

2. ufiauasnyWoniu

=]

3. wWapdauinsadidan

v}

147

' 1%
ool al e

5. laaauuavasaunzdnfiinniniuana
§9 iadsdsvnauldvdaunaslanseneg
idlunaulaaausrusauanildaulaaau
16161

6. Maaunadigen Tussazaaililaiwia
fsazaIeNdANULLTNAUGIY N3
uanulasulaaauniilszamiauduli
Wndudiatinazeaudiniiuiuas

150
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Mobile TN
( Injector )
phase s -

}

Separating

reservoir

column

'
Stripping
column

| 7 Conductlvn}\
Readout
cadou \ detector /

}

uRuAMLaAuRIeslad M tmaiin leoeuTasun Inasil

i
Avp
e

Tk

¥

[ T T
(=4 P 1=

Separation of nucleotides and related compounds by anion
exchange. (Reproduced by permission of Vieweg Publishing from D.
Perrett, Chromatographia, 16, 211 (1982).)

Conditions: statlonary hase, APS-Hypersil, 5 mm; mobile phase,
A=0.04M KH,PO, (pH % B=0.5M KH PO4 +0.8M KCl (pH 2.9),
linear gradient from A to Bin 13 min; detector 254 nm

154

Asdszenei taonu

152

T T T T
o 10 20 30 min

Separation of lanthanides by cation exchange. (Reproduced by
permission of Vieweg Publishing from A. Mazzucotelli, A. Dadone,
R. Frache and F. Baffi, Chromatographia, 15, 697 (1982).)
Conditions: column, 25cm4mm i.d.; stationary phase, Partisil SCX,
10 mm; mobile phase, 1.2 ml min-! 2-hydroxyisobutyric acid in
water, gradient from 0.03 to 0.07 M; visible-range detector,
520nm, after derivatization with 4-(pyridylazo)-resorcinol.
153
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