Chromatography
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Paper is made of cellulose fibres, and cellulose
is a polymer of the simple sugar, glucose.
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Table 12.5.1 . Properties of HPLC Mobile Phases
moblle phase polarity index (P') UV cutoff (nm)
cyclohexane 0.04 210
nhexane o1 210
carbon tetrachloride 16 265
Fpropyl ether 24 20
toluene 24 286
diethyl ether 238 218
tetrahydrofuran 40 20
ethanol 43 210
ethyl acetate 44 255
dioxane 48 215
methanol 5.1 210
acetonitrile 58 190
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Descending techniques
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Two-dimensional chromatography (2D)
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Thin layer chromatography
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TLC chromatogram
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Comparison of different extraction methods: solvent extraction and
steam distillation used for the analysis
of the volatile components in M. cajuputi leaves
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lon Exchange Chromatography

A small fraction of a polystyrene chain

Chemical formula of styrene

Cross-linked polystyrene
Divinylbenzene (DVB) 17
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Resin Structure and Manufacture

Cation
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RCOOH+Na'+OH —» RCOO Na' +H,0

nRCOO Na* +M™ —  (RCOO™) M™ +nNa”

@ Ul ) XROHN(CH,)7CIT+A™ = [RCHN(CH,)] A +xCI”

XRCHN(CH,)T OH™ +A*™ = [RCHN(CH, )| A +xOH™
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Resin Structure and Manufacture
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-S0; (HY)

— Carboxylic Acid
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Mobile Phase

* Cation Exchange -
* Anion Exchange -

H*
OH-

* pH is controlled with a Buffer Solution

—e.g. HCO,/CO,~
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1. size of particles

2. Degree of cross-linking
/O REN Uk Moisture (%) Capacity (meg/ml)
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3. Strength of functional group 4. Number of functional group

Nare | Functional | Range | Applicati Capacity | C: ial resins
Resin  Functional group Weak or Strong. :";‘""'" group ¢ m‘;‘;]g'
diethylaminoethyl Strong -SOH pH <2 | Water softening 5 Lewatit S100,
oeRE e CEEAE acid Anbertie IR-200
diethylaminopropyl " .
ANK NG HshH"] weeek gnicn. PH2:9 Weakcacid[  =POH | pH>4 | Rarccarth 10 | Amberlite [FC-84
Q ?‘:;:::E;v amine e ey processing Duolite CC3
Strong NR.X 0-14 | Uranium 4 Zerolit MPF
rboxymethyl 3
™M Cochcoo) g ol PRE-10. base processing Lewatit MP200
methyl sulfonate
s [O-CH,-CHOH-CH,-O- strong cation pH2-12 Weak base| -NH,,-NR;, | 0-10 Uranium 5 Zerolite MPH
CHy-CHOH-CH,-5Oy] - -NHR processing Lewatit MP62
sulphonyl group lating | Picolylamine - Cu&Ni 15 XFS 4195
S [CHy-CH,CH,S04) Megcation prz-u resin  |-N(CH,CNH,), removal
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lon Exchange Chromatography —
General Characteristics
¢ In general, ion exchangers favor binding . g
of ions with: Ton -
- T charge Lit 382
¢ 3*>2*>1*;Na* < Ca* < La®* < Th# o s
Rb* 3.29
- { hydrated radius Cst 329
Ca?* 412
e H*> Li*> Na*> K* Mg?* 428
« | hydrated; exchange 1 - 422
- 1 polarizability ™ - )
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Separation of Cadmium and Zinc on an Anion-Exchange Resin,
and Their Determination Using Standardized EDTA Solution

Metal ions  Ionic radius (A) ~ Hydrated radius (A) . yrEr:
@ e ® 60 08 0

n’ 0.83 4.30 ® 6 @90005s
cd* 103 426 (GlElEL L RN R
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Cd*2 + 4Cl- = CdCls2

Sample Addition to Anion-Exchange Resin:

2R*Cl + ZnCls? < (R*)2ZnCls? + 2CI
2R*Cl-+ CdCl42 < (R*)CdCls2 + 2CI
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d-hydrati y-for-Zn-2-and-Cd-2-18_tbl1_232987565

23

24

29/05/69



Elution of Zinc:
(R)2ZnCly?+ (R*)aCdCly?+ 60K & 2R*OH: + (R*)2CdCly?+ Zn(OH)y? + 4Ck
Elution of cadmium:

(R*)2CdCls2+ 2NO3 < 2R*NO3 + Cd*2 + 4Cl

OH

058 Q NEN
Eriochrome black T (EBT) indicator O

O:N
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The titration reaction between the zinc tetra amine complex and
HY-3 (the form of EDTA predominating at pH10)

In(NH3);*2 + HY3 - Zn¥2 + NHy* + 3NH3
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lon Exchange Chromatography
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lon-exchange chromatography
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Data processor

Instrumentation of Ion exchange
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https:/fwww.youtube.com/watch?v=iX25exzwKhl

Gas Chromatography
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Isothermal &
Temperature programming

A temperature program
©

(b)
(a)

a - initial temperature and time
b - ramp (°C/min)
c -final hold time and temperature

Some GCs will allow for a more complex program.
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HPLC

32

32

29/05/69



Normal Phase

High performance liquid chromatography

Reversed Phase

Stationary phase Polar (silica gel) Non-polar (C18)
r Non-polar Polar
Mobi (organic solvents) (aqueous/organic)

Sample movement

Non-polar fastest

Polar fastest

I bascd Different polarities Different
P (functionality) hydrocarbon content
33
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5 ;(% PDA Multi 1285 nm, 4 nm
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sel2 < -§
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21 e a 5
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Chromolith RP-18e (100 x 3 mm) = EHilE s %
column; isocratic conditions: Mobile 2 & £ TE
phase: 2% acetonitrile, 37% methanol, £ M
0.1% formic acid, flow rate 1.1 T ) o
mL/min, t = 25 °C; . B
gradient conditions: Mobile phase: B 2 FPDAMGL2856m,4 Am
A = 5% acetonitrile, 0.1% formic acid; ;r
B = 80% methanol, 0.1% formic acid; 1 B -
gradient: 0 min 30% B, 12 min 60% B, 100 2 - - :
13 min 60% B, 14 min 30% B, 16.5 min T £ 5 3
stop, flow rate 1.1 mL/min, t = 25 °C. s0] l ﬂ-gll 3
~ao
P
; A
0 T T T T
0.0 25 5.0 75 10.0
min
netfigurelC lont8-HPLC- 35
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The Capacity Factor; k % The Selective Factor; o
a= Ko ©)
iy = TS M | = 1 Ky
SalyT . o | | . =:,:—:i: _ :::f y 2
i N ; a Pt T @)
A tp —ty f ! | A
A~ Fo ) ! ’ J
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| ' (tr)a — tu
ki : capacity factor Vg : volume of stationary phase e
K, : partition ratio Vy : volume of mobile phase
37 38
37 38
: The Efficiency of chromatographic columns
A r12) R
¥ Ly i '_ L Number of theoretical plates; N
- i L
injection N = E 44444444444444444444444444444 (6)
time=0
2
— t 2 t
gl « N =16(L) =5.54( 2 ) ............... »
' solvent W1/2
7
L : the length of the column H : plate height
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Number of theoretical plates; N

Nyoq = 16R? (a_ -

a )2 1+ k) 2

ka
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Resolution; R
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0.15 % mutual overiap

2.3 % mutual overlap

Ras::;llliiion =10 ResoIL-:-t‘i;:'m =15

42

ty
41
Peak Resolution
(s
(YN
High Resolution
Resolution
% Moderate Resolution
¥ A
H
A
Low Resolution
i 43

43

42
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6d9810hn 9.1

MsIaeiinndu B6 uihfveda HPLC Taaldasunasgiuifaiy
t2iu2iu 5.00 mg/L 1aAunia (area) = 1200 #ihe wlafingsdating
hinsuanuaingu lewunia = 1560 wiha anuinuaasianIldy
B6 luthdratntvindAudl mg/L (auudanuduiusiiiuidoiduase)

M20810N 9.2

Tunsienziasgiulunaniniea HPLC:

N3R5 1 AFusaunIuaa 3.00 ua.
sdswNNINAIH U TeRUNSI T UAR y=37.857X + 14.838
ensavasRAR LA 1.50 ua. i lliesied lawunlannwingu 2541
fgriulundannAiadnsy

M29910hn 9.3

NNTIeNgvinsaunadnluiaauulnsiuiny 4o 21 avlas Watn
A59ANUNATFIUTAUNADATTUINANULANADIRTUIATFIULARAAAL
Nunlannlanafdenise

yov X g va
ANMULVUYU NuTiléna

WATWATININATFIU LLamj'amﬁ'Jatho 05 2827
anelanunlsnneail 1 47.80
1. 99 wvinA'u 524 5 15853
2. 211 winAu 890 10 370.70
3. ag'las wind'u 450 23 B A

Taagdaans 1 nfulutaniuaa 2.00 ua.

45
@oos0n 9.4
AMATATINTNLATUARY HPLC wansRA2adans 2 favinsiawu st
1.a1 k/ 229815 A uaz B
2.@1 selectivity (o) 2a9 B t7isudy A
3.A1 resolution 5¢1119 A Au B
Fulifkeb) &5 A &5 B
Retention time (tg) 2.31 min 5.64 min
ANUNTRATFIU (wy) 0.50 min 0.60 min
A1 dead time (t,) 1.0 min 1.0 min
a7

60 2250.80
ludatviinsaunadn (MW = 170.12 > b
g/mol) Afiadnsuludlacite 1 Alansu = 7480-62
' 46
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@r0g101 9.5
nTATIN INLATNAAINTILATIEEIE HPLC wuln:
*q15 C i t; = 8.20 min
*ANUATIVADINATIASIAINGY (Wy),) = 0.40 min
e UENIAAANY = 300 AT
1.éruren 1w theoretical plates (N) 1aaldgasain wy,
2.@1uau plate height (H) wavaaduiiil
48
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§ DEVELOPMENT OF A HIGH-PERFORMANCE LIQUID
CHROMATOGRAPHY METHOD FOR THE QUANTITATIVE
DETERMINATION OF RUTIN AND LUTEIN IN FLOWERS

wwanaiing Tads
sviatinfinen 6504103304 a1v13v Al
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Experimental " ;
P Scan Arec B05IM5ARAULUTIS 200-600 Nm
Windnszimenugnauiiuzay
wof
samp\e l ] ‘
HPLC Injector Detector : ‘
pump.
HPLC cq:umn [ I
HPLC Data aqulsition h
solvent ‘
AN "
\ 0.50, 0.70, \
N \ Photodlode array detector
1.00 mUmin \

waste

Solvent A : Methanol
solvent B : Acetonitrile
A:B = 50:50, 60:40, 70:30,
80:20, 90:10, 100:0 v/v

51
49
The optimize Condition of HPLC-DAD>
Parameter Condition
Mobile phase Methanol : Acetonitrile (100:0 ; v/v)
Flow rate 1.00 mL/min
Column C18 (250 mm x 4.6 mm x5 um )
Detection wavelength rutin 258, lutein 444 nm
Retention time 20 min
t rutin = 2.31 min
R lutein = 5.64 min
51
51

st mixt0-100.2 |DADIA,Sg=258,4 Refeoff| HPLC1Z60-2025-10-14 1452307108
RUTIN
N
2 1 X 2 2 LS < 30 k: 324 450
LUTEIN
LE]
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