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High performance liquid chromatography (HPL.C)

Lage ilasth Ll b, g ol Sl e oSl 3 spea Wt Ll e
Jz G w6 e 5,h s ey WA ALE OIS age gy Wl s oS
o Loy §)lie oy Syl Ve oy Wle 3liS0y W e 3y 3 bl bl
3 yphall Ao glt ods Jlanzal g sl s 53l tasy . (ol Wl 31 ilay S &
ln oo Lo g Al 5 ol Sy - Lm0 bl b o 3,0 5
iy sl ogh pden 2> HDIC o 3gad Jortiy oS5 (I lazsly ot sl
S\ PEAL

. Hple jlgr Jassy 57 #

: Hplc jlg by —) S f....-,H

wddf Ol

Sl f dsall e sy

Gl il

JPAJ'I

)t pdize

A e SbLasy i otas

C Jonnndl ) dasllall

Loy CJ:.A.U 5 ponll L gy LS"'“ JPESD (AT VIR o dle Hplc 3541 20
O (g ial) g e 3 paall Ll il S s Bptodl JH o g ST Hras Sy
WSy Ladnaad) dypally LA bl pdad Zoglie ol it 0 S ST 0,5
el Jraddh . iy prlly CatSIV G5 ally Dbt e GLSY) L) iy Jpal e
ey pddd Ol 0485 O Coomy LeS™ L8y 3:LSTL et Lot sl iz 53l
Clal el

Shdomy 3l 3oy g5 o 130 g O o 0l Y Ol £ 50 e ) O (V)
Rl e L2 Y ST ey ity el ollead a0 LAl e

Brgorl B 2y ybl el Wl b e s el cllas of lsniall b Al s (O
oh3 Slivaas Bny spendl Jtls i) Boull Lol iy el pyis & HPLC
Sl g bt Juadyy (el daisy g Gi2) Oltdeally joas o il ks 5f b e

Y-



[ Automuted High Pregibure Geadieht System
Suitabl® for HAD workProviding high acturacy and

SIL-10AxL

Auio Injector

*provides high injection volume
repeatability* and fow cross
contamination

[*RSD value 0 3%)

Communications Bus Module

“with reliable optical fiber inteiface
{for CLASS-LC workstation. The SCL-
1A Systam Coniroller 1s availabla jor
othar workstation er integrators |

Rrsorvor Tiay
Taccommodates 7 one-liter
bortlag

Ophon Box L

Sample Coaler
*kesps sample vigls at low
temperatura

*accommodates small tomponems
and peripherals

0GL-08
Hetuim Degassing Unit

‘improves reliability of high sensilivity analysis

LC-10AD
Solveni Dehvery Umi

*provides low pulsalion solwer delivery

hnghunamvl!yfﬁrlﬂlﬂydumphl, =
CBM-10A SPD-10A/18AV

Uv-VIS Detector

‘provides an exceplionally low hoise level®
and gimultareous dual waveiengih detec-
lion

i*noise level: *035x10 “Al}

CTO-10A/10AC
Column Qven

*provides precisa® lemperature control
of columns, mixers and switching
valves.

{temparature conuol precigion: +0.4°C)

CLASS-LC10
Chramatography Work station
*supporls GLP/GMP compliance
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BONDED PHASES FOR HPLC AND THEIR ABBREVIATIONS

Phase Dascription

Phase

Description

Sl

C1

c2

c3

c4

Ce

cie

t
Sllice —?i—— OH

Classic normal phase malerial. Suitable lor
separating polar non-ionic organic compounds.

TMS, SAS, Trimethyl —%I-CH;

Reversed Phase malaerial. Unique salactivily for polar
and mutltitunctional compounds. Least retentive of alt
akkyl group bonded phases lor non-polar soluies.

RP-2, Dimethyl _#I-C,H,

Reversed Phase material. Lass relentive than C4,
C8, or C18. More retenlive than C1.

1
Pl‘Opyl _'siCQHj

Reversed Phase material. Used in Hydrophobic
Interaction Chromatography (HIC) of proteins and
peplides.
E
|
Butyl - ?I— CaHg

Reversaed Phase materal. Uselu! lor ion-pairing
chromatography. Olfers less retenlicn than C8 and
18 phases lor non-polar solules. When bended to
300A silica, it Is an idea! phase for analyzing large
proteins and hydrophobic peplides.

I
Hexyl —Si—CyHn

Reversed i’hase malerial. Useful for ion-pairing chro-
malography. Less relentive than C8 and C18 phases.

-
MOS, RP-8, LCB, Octyl — "Si—C.H"

Reversed Phase material. Similar seleclivity to C18
but less retentive. Widle appticability (e.g. pharmaceu-
licals, nucleosides, steroids) When bonded 1o 300A
silica, il is an ideal phase lor peplides, peplide
mapping, and small hydrophillic proteins.

|

QDS, RR-18, LC18, Qcladecyl —ISi'CnH:n
Classic Reversed Phase malerial. Mosl retentive tor
non-polar solules. Excellen Jor ion-pairing chroma-
fography. Wide applicability (e.g. nuclecsides,

'nucleclides, sleroids, pharnaceulicals, vitamins, fatly

acids, environmental compounds). When bonded to
300A sifica, this phase Is perfect lor separating small
hydrophilic peptides

|
Phenyl, CaHs —Si=CHyCHaCHy @

0.009

Reversed Phase materiel. Unique selectivity. Uselul
for analyzing aromalic compounds. When bonded to
300A silica, this phase is usetul for HIC.

CN

NH,

NO,

SAX

SCX

WAX

WCX

Yo

CPS, PCN, Cyeno,
Cyanapropyl, Nitrlle

Can be employed as either a Reversed Phase of
normal phase material. Slightly rolar, unique selecli
ity for polar compounds in both Reversed Phase an
normal phase modee. Equilibrates very rapidly,
suitable for gradient separations. Useful for many
pharmaceutical applications {.g. fricyclic antidepres
sants).

|
—?I-CH;CH:CH;CN

|

APS, Amino, Aminc Propy! Sllyl — S$i- CH;CH.Ct+
Can ba employed as Roveised Phase, normal phas
or wuak anlon rxchange material. Arversed Phase
uselul for seprrating carbohydrates. Normal phase
alternative seleclivity 1o silica, not deactivated by
small amounts of water, lon exchange: weak anion
exchanger when used with butfers. Separales anio
and organic acids. ..

1
Hitro —ISi— NQ,

Nonnal phase material. Separates aromatic com-
pounds and cofmpounds with doutio bonds.

]
- 81— CH2CHCH,OCH,CHCH

OHOH
Can be enloyed as either a Revrised Phase or
normnal phase material. Meversed Phase: used for
Gel Filiration Chromalography (GFC) of proteins a
peplides. Norrnal phase: similar selectivity to silica
net deactivated by small amounts of water.

Dlot,
Glycerol

1
SB, Ouvarternary amlne, — Si—CH;CH,CH;H(CH
Strong Base t

fon exchange material. Sirong anion exchangers
(basic) are uselul tor separating nucleolides, nuck
sides, and organic acids.

SA, Sultonlc Acld,
Strong Acld

lon exchange material, Strong cation exchangers
(acldic) are usetul for separeling organic bases.

|
- ?i»CHZCH;CHz'SO;OH

|
PEI, DEAE, —8i— CHCHN(CHCHa)a
Polyethylenalmine, !
Dialhylaminoethyl, Week Base

ton exchange material. Weak anion exchangers
{acidic) are most useful ‘or analyzing acidic prote
and peplides.

CM, Carboxymethyl, Week Acid —%I-CH:CC

lon exchange malerlal. Weak cation exchangers
{basic) are most uselul for analyzing basic protei
and peplides.



SOLVENT MISCIBILITY TABLE

POLARITY CHART .
Relative - ‘Compound . - - ¢« .-~ Representalive Solvent
Polarity * Formula Group - *_Compounds
Nonpolar  A—H Al Peairoisum etnars,
bproin, haxanss =
i POLIAITY BOWMG  WISCOSITY SOLUGRITY
w—H Aromalics Tolusne, Bonrens DX I-.ﬁ-nmﬂﬁ M«:ﬂ . POMTLC) " (cPalaa} ' - B WATER
A—O0—R Ethers ? Dichyl ether ewc sy : : fown) |
. Bk Alkyl halid et 2oty 62 a1 230 118 126 00 100
3 chsorolorm 51 1358 i 5§ 0 w0 |
§| B—COOR  Esters Einy! acetate S 13M 190 82 D) A |||
- A—CO—R  Aldetydes Acaions, mathyl attyl 27 15M  9RD B M (1 S 1 |. B
F: and ketcnes ketone 40 1.394 254 125 073 043
gl R Ammes Fynicing, inethylaming / 39 199 215 g 296 781
. £ R—OH Alcohots Mettancl, sthancl, Cabon Wirachionde 16 14686 252 7 097 00k
- isopropanol, butanoi 41 1446 245 61 057 0818
R—COHN;  Amid Dimeathytt i 22 1.42¢ 200 &1 108 o |
v R—LCOOH  Carboxylc scids  Einanoic aod L2Dichloroathane' 3§ Ladd 225 4 [/ I 1. VO
Polar H—OH Waler Waler Dichigromethane” At 1424 215 41 044 1L
Hoemamels P 1501 1] 155 092 _ ien |
Dmethyl sitiricsd iz 1478 265 189 200 t00
44 1427 215 101 154 100
44 1472 260 71 045 a7
- - 52 1360 210 i 1.20 100
- drEinyl Ether 28 1353 220 I £32 618 |
3 00 1.3687 200 98 0 G39 00M03 |
"r 0.0 1.375 200 69 0.3 0.0
- 51 1.329 w_m M uww “Ba
Meitnd Ethvt Kgioee* &7 1378 929 A0 045
06 1,358 200 36 023 0 0004 |
4.0 1.384 218 97 2.27 100
39 1377 210 82 2.30 100
driso-Piopyl Ether 22 1.368 220 66 0.37
Tetrahydrolwan 4.0 1407 215 65 0.55 100
24 1456 785 11 059 0.051
Trchigegeihyleng 10 1477 213 87 057 011
- 30 1313 200 100 Lo 100
25 1500 290 139 .51 [
- |- || SYNONYM TABLE
] ® N L H{ Immiscible 1. Ethylens Crionce
A M s W ; m..m.w m D 2 MeMylens Chionde
i = H 2. Mgty Sulloxoe
b A EREHEHARERE Miscible 4 1ot Bunyl Moty Ether
me-m St | b 3 .Wm!m.hMM.Ih £ 5 2 Buunons
- MM.D..M. MEIHMMM.F.G Mwm.l.mw.m MMMTI . & 2-Propano
HEEEER R R ER EE - A R e
21523 218(5 555 2lnE 2R Sl S E B RE K REIS R I ¥

0.010
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HPLC THEORY AND CALCULATIONS

HPLC CALCULATIONS

COLUMN EFFICIENCY: In general, N « Number of Theorelical
Plates, a ls a conslant depending on method used, t, = retenlion
tima of pesk, and W = the peak widih at a given peak height.

For example, when scaling up from a 250 x 4.6mm column t
250 x 10mm 1D, column, the llow rala must be increar-a by
factor of 4.73 in the 10mm column to generals the same line
velocily as thal ol the 4,6mm 1.D. column, as derived below

2
N=a (_\:T‘) Xe (5.0/2.3)" = 4.73
Mathod ' [}
Feak Widih /; Peak Helght %54 1he general formula which will conver llow rate fiom any gi
Peak Widih al 4.4% Peak Height (5o method) a5 column dinension to any ollief Is as follows:
Tangenl ‘ 18 F2 = F14 (L2/L4}+ (r2/T1 PR
The peak width at '; heighl |s the most commonly used method
for cajculaling HPLC column efficlency. Where: L= lengih of the column, In mm
1w radius of the column, In mm
F < llow rate, in mi/min
1 drs.graies the lirst, or relerence, column
2 dasignates the second column
EFFECT OF DIFFERENT CONDITIONS ON SAMPLE RETENTI
Change In Ellec] on Hetenllon Time
Separellon [ Aun Tima Band Spacin
p— Flow rate, F 1F 1F None
Retersion fme for hd L e g Column vohume, Ve Vm Ve Nohe
. : : Increase Invol - %
=ty uewelarmed pesi : strong solvent Hone Decreasy Small changs
—a post 1 New strong solvert None Changes Changss
- e pH valus None Changes Changes
Cotumn Asymmstry Column Efficlency Column packing
A =B N s ﬂ}_ﬁ_ ' {e.0.. cyanovs C18)  Lirile Changes Changes
‘A LA W% ncraase lemperature None Decraase Smal chenge
New moblle phase
addilives Nona Changee Changes

PEAK ASYMMETRY: A, = B/A at 10% peak height.

CAPACITY FACTORS (RELATIVE RETENTION): The Capacily APPLICATIONS OF LIGUID CHROMATOGRAPHY

Facior, &', of a sample component Is @ measure of the degree o Incrensmg Polanity

which {hat componsnt is reiained by the column relative lo an L Walersohbie . Water-wolutle )

unrelalned component. L Honpolar ' | tonie -
K = (L) ; Nonioric Polar 1

whete t, Is the elution time of relained component, and 1, Is the
elution time of the unrelained sample.

1

SELECTIVITY: (a): o= K1/k'2

. RESOLUTION: Rs, delined as the amouni of separalion ba-
tween two adjaceni peaks, Is given by

Rs g (1/4) (o - 1) (N} (k71 + k)
where k' Is the average value for the two peaks.

ADJUSTING FLOW RATE FOR DIFFERENT COLUMN IDs:
When scaling up from analytical to preparelive modes or whan
scaling down from analylical to microbore LC, itls oflen desirable
1o keep relention fimes constani. The liow rate can be adjusted
so that the columns operate at the same linear velocily. Whan
swiiching trom a column with a radius (0.5 +1.0.) of 11 to another g:mﬂ}ﬁ:mﬁ':‘:&rgm&;‘” »d. £ Holtmann. Ed.. p &1, Van Ne
with a tadius ol 12, the flow rate must bs altered by a factor of X,

where

Xu (r2/r1)?
0.008

Yy



OLUMN SELECTION GUIDE

ies of Thumb
- 1B-S9 Silica
Normal Phase Buendclone Silica
Hexane Adsorption Sealeclosil Sdica
F ble
1B-SIICN
Normal Phase
Bonded
Phenosphera CN
Methanol
e - Methanolt20 —- ————— Ultracarb ODS (20)
Soluble Reversed Phas IB-51l ODS, CB. Pheny!
Salectosil C18
L THF Soluble -~—— g;'cp ermeation .— Phanogel 50A, 100A
MW 2000
I1B-Sil Phanyl, ODS, C8
Non lonic Reversed Phase i Pherosphare Phroyl, OUS, CB
Aqueous Reversad Phaéa

Soluble j lon Pairing/Suppression Ultracarb ODS (20)
{onic

Peptides
Protains

Estimate MW of Sample

MW>2000

05

Organic

[~ Soluble

L Aqueous

Soluble

lon Exchange Salgclosll SCX, SAX
~——- Peversad Phase Seleciosil 300A €18, C4
Unknmam . .
MW Rarge Linear: Phenogs!
Gel Permmaealion
7 Chromalography
(GPC) Known .
fic Pore: Ph |
MW Range Specific Pore: Phanogel
Biosep-5EC-S Serigs,
Gel Flitration pH2.75 - W-Porax GI? Serles
— Agueous -—-———-
[ GFC/SEC pH »75 — —— PolySep SEC
Callon ___ . W.Porex CM
Exchange
- ‘on Exchange
Anion W-Porex 300A DEAE,
Exchange BioSep-DEAE
Selectosll 300A C4,
[P” 275 — ca,C18
— Reversed Phase
pH » 75 ————— Hamittion PRP-3
L Hydraphobic Seloclosll 300A C4
Interaction (HIC)
0.005

YA





