Soaling rules:

Second Week

Scaling Up
We normally carry out chromatography for araivtical parposes (to sepamt: and identify or
measure the components of a mixtara) or for prepanstive parposes (0 purify o significant
quantity of a component of 0 mExture). !\unl_)u:nl b “_ is usmully p with
thin colomns that provide good sep Fﬂl’ phy. we wse fatter
columns that can handle more load (Figurs 2 2 8] P:epam.m: ﬂ;mmabasfq)h\' is especially
importent in the phanmaceutical industry, which can afford the high cost of sepamting
compounds such as oplical isomerr of drugs (Box 23-1).

If you have developed a procedure to separate I mg of o mixture on a column with a
dinmeter of 1.0 cm. what size column should you use to separate 20 mg of the mixture? The

I12-3 A Plumber's View of Chiromatography
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mist. straightforward way to scale up is to maintzin the same column length and 10 increase
the coss-sectional area B0 mainisEn a constant mlio of semple mass 1@ column volieme. Cross-
sectional area is =r’, where ris the column radius. so the desired diameter is Eiven by

Lifge mass ('Iafgn columa radius )1

Senall meass small coluznn redius
Wmg [ lerge colurnn radins \
2mg 050 cm )

Large column radias = |58 om

Sraiing equalion”

A column with & diasmeter near 3 cms would be appropriste.

To reprexdoce the conditions of the smalker colmmn in the larger column. the finear fow rafe
{not the volume flow rate) shoald be kept constant. Becanse the area (and hence volume) of the
larpe: column s 100 imes greater than dhat of the small column in this example, the volame fow
rate should be 10 times greater to maintain a constant Bnear fow rate. IF the small column had
avelume flow mte of 0.3 mLimin, the large column should be run at 3 mLimin.

The mass of sampla (z) that can be run in prepertive chromatography on a reversed-
phase ipage 603} silica-based column is merghly

Column capacity (g] = (2.2 % 10 hLdJu,
m‘mhsmdmmlunnmmmma‘,lsaaimdimmm and o, is tha surface area (m)
per gram of stationary phase.' Ru']_— EIJl:lln.r):x = 50 mm. and o, —R!Jm.‘g.mcunm
the column capacity as (22 % 10" X250X50)7200) = 28 2. Thura]mi!nmuasunmihmw
band will occupy the entire volume of the column. so it is surely a0 upper limit estimate. B you
wirt the band o eocepy just 0% of the colama. so there is room for chromatography. te mass
of sample would be (0.2w28 gh = 56 .

EEE Efficiency of Separation
Two factors contribute to how well ds are d by . One
is the difference in clution fmes between peaks: The farther apan_ the better their

separation. The other facior is how broad the peaks are: the wider the peaks. the poorer
their separafion. This section discusses how we measure the efficiency of a separation.

Resolution

Solule moving through a chromatography column lends (o spread into & Gaussian shape with
standard devistion « (Figure 22-9). The longer a solule resides in a column, the broader the
band becomes. Common measures of breadth &re (1) the width wy» measured o 3 height

Yo

FIGURE 22-9 ideakired Gaussian chromatogram showing how w amd wys are measured. The value
of w i chtained by extapalating the tangents to the infection ponis down 1o the bascine.
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FIGURE 22- 10 Reschtion of Gaussian peaks of equal area and amplitude. Dashed fines show
indhidual pesks, and salid ines are the sum of two peaks. Oweraping area is shaded.

equal to half of the peak height and (2) the width w =t the baseline between angents drewn
1o thie steepest parts of the peak. From Equation 4-3 for o Gawssion peak, it is possible to show
that Wy — 235 and w = dar.

In chromatogmphy. the resobution of two peaks from each other is defined s

Ar AV, 058944

Woy W b o0

(11.23)

where Af, or AV, is the separafion between peakcs (in units of lime or volume) and w,, is the
avernge width of the two peaks in comresponding units. (Peak width is measured o the base,
as shown in Figure 22-9.) Alterpatively. the last expression in Equation 72-23 mses wy o, the
width ot half-height of Gaussian peaks. The width at half-height is usually used because it
is easiest 0 measure. Figare 22-10 shows the overlap of two peaks with different deprees of
sesolotion. For quontitative analysis. a resohition = 1.5 is highly desirable.

Maasoring Resolution

A pepk with & retendion time of 407 s has o width at half-height of 7.6 5. A neighboring

peak is eluted 17 5 kater with wyn = 9.4 5. Find the resolution for these two components.

Solution

_D5E9AL  OSENITS)
Wimw  HT6s+9.ds)

= LI8

Test Yourself What difference in retention times is required for an adequate resolution
of 137 (Amower: 21 .65

Diffusion

A bamd of solute broadens as it moves through s chromntography column (Figere 22-115,
Ideallly, un infinitely naorow band applied to the inlet of the column emerges with a Gapssian
shiaper at the outlet. In less ideal cirrnmstances, the hand becomes asymmetric

One main canse of band spreading is diffusion, which is the net transpont of o solute
from a region of high concentration 1o a region of low concentration caosed by the random

13-2 Hificienty of Sepasation




TABLE 22-1  Representative diffusion coefficients at 208 K High Low
Solute Solvemt ifTusion coe
Hid Hy 230 10"
Sucrose HO 052 % 1o Fo=J
Glycine H. LE=? -
CHsOH H:0 16x 1" el
Ribenucleasa HAO 293 K) 012% 1077 iy d

(FM 13 7001
Sarum albumin H.O (293 K) 0059 % 1n?

(FM 66 000)
I Hexune A0% 107 T N
ol Heptane ES B 1] : Corcantmtice - c—de
Nz CCly EE R ]
CSxig) Air (293 K) 1.0 1o PR 1295 T M of ks
0, Air (273 K) 18 103 e i
g{{ :£ ?;i :g : 1o the difusion coefident: 1 = —dy/d).
Lt H.O 1O 107
Na' H O 13x 107"
K’ H0 20 1o ?
[u] H 0 20:x 10
I HAO 20 17

Table 22-1 shows that diffusion in liquids is 10° times slower than diffusion in pases.
‘Macromolecules such as. Abonuclease and albunsin diffuse 10 1o 100 times slower than small
moleculas.

If soluste begins its journey through a column in an infinitely sharp layer with m moles per
it cross-sectional area of the column and spreads by diffusion as 8t travels, then the
Gaussian profile of the band is described by

Bmadening of chromalography

Band By diffusion: = Bt

%e [12-25)
‘where ¢ is coacentration (molim®), f is time, and x is the distance along the coloma from the
cment center of the band. (The band center is always T = 0in this equation. ) Comparison of
Equations 22-25 end 4-2 shows that the standard deviation of the band is

Standard deviation of hand: o= VI (22-26)
Plate Height: A Measure of Column Efficiency

Fguation 72-26 tefls us that the standard deviation for diffusive baod spreading 15 V200 IF
solete has truveled a distance 1 at the linear flow rate a, (m/s), then the time it has boen on the
wcolaman is f = 1fi,.. Therefone,

@t =201 = wi-(ﬂ):- Hr
iy iy
it
Pz beighe = B

Plate Feight : H=a%r (22-27)

Plate height, #, is the constant of proportionality between the variance, o™ of the band
and the distnnce it has traveled, x. The neme casme from the theory of distillation in which
separation could be perfiormed in discrete stages colled plates. Plate height is also called the
Jeipht equivalent fo a theoretical piate. 1t is appronimately the leagth of column required for
same equilibration of sobute batween mobile and statiomory phases. We explore: this concept
Tater in Box 22-2. The smualler the plate keight, the narrower the bandwislth.

The ohility of a column to separate componeats of o mixtere is improved by decreasing
piate height. An efficien! column hes more theorstical plages than an inefficient colummn.

21-a Efficiency of Separation

Banwédth =T, i sution ime increases by 3
facoor of 4, csffusion will broaden the band by
a facoor of 2.

1, = linear Bow rave (distancetime)
uy = wilume fizw 7at2 (voluma time)

AS 3 Teenagar, A. ). P. Martn, coamenos of
paniGan chromarograpty, buill chsmiation
CObUIMINS in cisoere sectans from mifee ans.
fwve don't know what he was disiling?) whan
he foemulaned the aheoey of paninan
clomangrapdy, he adogied wems from
dissation theory.
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noose 3 peak with a resantion faoor greaser
than 5 when you measure plate hesgne for a
colermin.

Chadlenge i a is conszant, show that the

witth of 3 chromamgrapaic peak increases.

N PEDPONIN D FEEMioN Tme. That i, ﬂ.l:-
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Different solutes passing through the same column have different |)iah1 bheights hecause: they
have different diffusion coeiﬁmequ Plate heights are 4.1 to | mm in gas chromatography.
=10 yum in high- Tingui and <§ wmin capillary electrophonesis.

Plate height is the length u“‘.f: whiera «r is the stmndard devistion of the Gawssian band in
Figere 27-9 and 1 is the distinoe traveled. For sohste emenging from o column of length 2. the
mumber of plates. . in the enlire colamn is the length L. divided by the plate height:

H o o W
becawse r = Land o — wid. In this expression, w has units of length and the mumber of plates
is dimensionless. If we express L and w {or o) in units of time instead of length, ¥ is still
dimensionless, We: obtain o useful expression for N by writing

Namber of plates on colamn: N 1“3- i
W e

where 1, is the reteaition time of the peak and w is the width at the base in Figure 230 in anity
af time_ If we use the width ot half-height, nlso called the half-width, instead of the width at
the basa, we gal

(12-28a)

i

Number of plates on colume: N=
¥ia

(22-28h)



