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First Week

m What #s Chromatography?
Chromatography operales on the seme principle as extrction, but ene phese is held in place
while the other moves past iL*™ Figure 22-5 shows 2 solution containing selutes A and B
placed on top of a column packed with solid particles and flled with solvemt. When the om-
let is opened, solules A and B Aow down into the column. Fresh solveat is then applied 1o the
togp of the colismn and the mixtore is washed down the column by contimuoas solvent Aow. If
solute A is more strongly adsorbed than solute B on the solid panicles, then solute A spends
o smaller fraction of the lime free 10 sollufion. Solute A moves down the cohamn more showly
than sobute B and emerzes ot the bottom after sohse B. Wee have just separated a mixture: into
s components by chmmatograpdy.

The mobile phase (the solvent moving throogh the column’) in chromutography is either
a Biquid or a gas. The stationary phase (the one that stays in place inside the colomn) is most

a viscous lgoid i ‘bonded to the inside of & capillary tube or onto the

swrface of solid particles packed in the column. Aliernatively, as in Figure 22-5, the solid
particles themselves may be the stationary phase. In any case. the partitioning of solutes
between mobile and stutionary phases gives rise to separation.

Fluid entening the columa is called eluent. Fluid emesging from the end. of the column s
called eluate:

cheent i — COLUMN —  elouie o

The process of passing lquid or gas throogh a chromatogmphy columa is called elution.

CHAPTER 21 Introdudtion t Anahetical Separstions
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FIG URE 21-5 The idea behind chromatography: sclute A, with @ grester affnity than sokite B for the
siatinary phass, nemains on the enlumn [onger Panelf iz 8 reconstrudtion of the sepasation of pigments
from red paprika skin from the work of L Zachmesstes in the 1330s. Bands marked by horizontal fines
ae different pigments. The fower sationary phase is Ca(0H1; and the upper stationary phase i CaCOy
Pl { froms L 5. Ertre, “Thes Rebirth of Chariratography 75 Years Agey” (0G0 2007, 25, 540

Columas are either packed or open tubular. A packed cotumn is filled with particles of
stafionary phase, asin Figune 27-5. An opea tubalar column is s parew, hollow capillary with
stationary phase coated on the inside walls.

Types of Chromatography

Chro by is divided inlo on the basis of thy

solmte with the stationary phase, as shown in Figure 22-6.

Adsorption chromatography. A solid staticoary phase and a liguid of gaseous mobile
phase are wsed. Solute is adsorbed on the sarface of the solid particles. The mone
strongly & solute i5 adsorbed, the siower it travels throa gh the columnn,

Partition A liguid  phase is bonded ko a solid surface, which is
typicadly the inside of the silica (5iC) chr ty column in gas ch phy.
Solute equifibrates between the stationary Tiguid and the mobile phase. which is a
fowing gas in gas chromatography.

Ton-: chromatography. Anionas such us —S03 or cations such as —MN(CH3)3
are covalzatly atiached to the stationary solid phase, wsually a revin. Solote icas of
the opposite: charge are attracted to the stalionary phase. The mobile phase is a
liquid

of interaction of the

aphy. Also called size exclusion, gel filtration, or gel
permeation chromatography, this technique sepamies molecales by size, with the larger
solutes passing through most quickly. In the ideal case of molecular exclusion, there is
no strctive interaction between the ststionary phase and the solute. Rather, the lguid
or gaseous mobile phise passas through & porows: gel. The pores ane small enough to
exchude large solute madecules but not smadl ones. Lorge molecoles stream past without
entering the pores. Small molecules take longer (o pass through the colomn becasse
they enter the gel nnd therefore must flow through o rger visdlume before leaving the
column.

Affinity chromatography. This most selective kind of chromatoegraphy employs specific
interactions between one kind of solute molacule and a second molecule that is
covalently attached (immohilized) o the stationary phase. For example. the
immobilized molecule might be an antibody to a particulor protein. Whea o mixture
contnining @ thousand proteins is passed throogh the column. only the one protein that
reacts with the antibody binds to the colurmn. After all other solutes have been washed
from the columa, the desired protein is dislodgesd by changing the pH or ionic
sirength.

13-2 What Is Chromatography?

This form of dwomarography was invemed by
Towen in 1903,

For their pioneesing work on liguid-quid
partizion crromatagraphy in 1941,

AL P Manin andi . L AL Synge fecevad
a nabel Prize in 1952

B.A_Agams and E L Holmes developed the
Frst srehatic ion-exthange rasins in 1925,
REsins are relaively hard, amorphous organic
solicts. Gels ane redatvely soft.

mciscules pass through e column
faser than small malecides,
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The Chromatogram

atutes eluted from hy column are observed with detectors described in later

chapters. A chromatogram is a grph showing the detector response as a function of elution
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Times

time. Figoe 22-7 shows what might be observed when 2 mixture of octane. nonane, and an
unknowen are: separated by gas chromatograpéyy, whach is described in Chapier 23 The retemtion
time, {, for each component is the time that elapses between injectinn of the mixre onto
the column and the arrival of that component ot the detector. Retention wolume, V. is the
vilume of mobile phase requined to elute a particular solwe from the column.

Mahile phase or an unretsined sofute travels through the columm: in the minimum possi-
bletime, ¢ The adjusted retention time, ¢, for 2 retained solute is the addifional fme required
Io travel the length of the column, beyond that required by solvent:

Adjnsted refention time: =t (22-14)

In gas. chromntography, £, 15 usually taken as the fime needed for CH, to travel through the
column (Figune 22-7).

For two components | zod 2, the relative retention, o (also called ssparation factor), is
the ratio of their adjosted retention times:

Iz
&

where 1}, = i)y, s0. = 1. The greater the relafive retention, the greater the separation hetween
two components. Relalive retention is fairly independest of Aow rate and can therefore be
used to help ideatify peaks when the flow rate changes.

For componeat 2 ehbed after component 1, the wnadissted relative refenrion, . 1s the mtio
of their unadjosied. relention times:

Relative relention: - (22-15)

Unadfusted relative retentin- - :'—2 (22-16)
]

The uradjusted relative retention is the inverse of the mtio of the speeds at which the two

components travel.

For sach peak in the chromatogram, he retemstion factor, &, is the Gme required o elute
that peak minus the tme [ required for mobile phase to- pass through the colemn, expressed
in multiples of fm.

Retention factar: i -% {2247
The longer a component is retained by the column, the greater is the retention factor. [t tkes
volume ¥, to push solvent from the beginning of the colomn to the end of the colmma. IF it
tzkes an additional volume 3V, fo elule a sohse, then the refention factor for that solute-is 3

FIGURE 22-T Schernatic gas cheoenatagram
showing messur=ment of retention times.

UMlustEd relive rerensan
renention time of companent 2
= Tetenuon ume of cmponent 1
_ speed of component 1
" speed of compornent 2

Rexention fomor i 350 called oopaciy focror,

COPGORY N0, OF PATIAEON FOF0 and was
formerty wrinem as k" inswad of k.
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Relation Between Retention Time and the Partition Coefficient
The retention factor in Bguation 22-17 is equivalent to
= Lime solote speads & stationary phase

timme sobite spends in mobile phase

k

Let’s e why this is toe. If the solule spends all its time in the mobile phase aod none in the:
stationary phase. it would be olsted in Gme I Pulting £, = . iofe Equation 22-17 gives £ =0,
becawse soluie spends no time in the stationary phase. Suppose that solute spends equal time:
in the stationary and mobile phases. The retention Gme would then be I, = 20 and & =
(M — by = 1. 1 zobute spends three times as. moch time in the stationary phase as in the
mobile phase, [, — 4, ood & — (4, -1V, =3
I sohee spends three fimes as much time in the stationary phase as in the mobile phase.
there will be three times as mamy moles of solote i n the stationary phase as in the mobile phase:
o any time. The quotient in Fquation 22-1380 is equivalent to
Time solute spends in sifionary phase  moles of solute in stationary phase
Time selule spends i n mobile phase ~ " moles of solute in mobile phase
oV,
T
where c, is the concentration of solute in the siationary phase, V, is the volume of the station-
ary phase, ¢, is the concentration of soluie in the mobile phase, and V_ is the wolume of the:
mobilie phase.
The quikient ,/cm is the mtio of concentrations of solute in the sistionary and mobile
phases, If the columa is run slowly ercugh 1o be at equilibrium, the quetient ¢, /o,y is the par-

(22-1800

tition coefficient, K, i in ioa with solvent i Therefore, we cust
Equation 22-15b in the form
Relation of relention time v, mnn

A .qr : -k~ = (2210
0 partition coefficient- ¥

which relates reteation lime to the pantition coefficient and the volumes of stationary and
mobilie phases. Bacause I o k oo K relative retention can also be exprossed as

Relative retenlion: [ Rt et (22-200

That &s, the relative retention of two solsies is propontional to the mtio of their panition coef-
fictenas. This relation is the physical basis of chromatography.

CHAPTER 22 o 0

Retention volume, 'V, is the vofume of mebile phase required to elate o paticular sohite

from the column:

TMES Can be wiinen 35 the cnesponding
rata af walumes. f v, is the elumon volume

Retention walime: Vo=t-a, 112-21) far unwenined solue,
where iy is the volume flow mie (wolume per anil ime) of the mobile phase. The reteation *_[r_‘-_ Y~ ¥
voluwme of a particular sobule is constant over 3 range of Aow rstes il T

VolulRe i proportional 10 Gme, So any rato of



