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o i Introduction

= T e Cheomutography is the most freguently vsed analytical technique in pharmaccutical
i E analvsis, An understanding of the parameters which govern chromatographic
perfurmnance has given rise o improvements in chromategraphy systems so that the
ability to achieve high resolution separations is continually increasing. The system

B ol suitability tests which are described al the end of this chapler are now routinely
o1 HIE T L included in chromatographiv software puckages so-that the chromatographic
e e performance of & system can be monitored routinely, The Gactors determmning

chromatographic efficiency will be diseussed first in relation w high pressure liguid
chromatography (HFLCL

Void volume and capacity factor
Figure 0.1 shows a HPLC column packed with o solid stationary phase with a
Liguid mobile phase flowing through it

If a compound does not partition apprectably into he stationary phase, it will
travel through the column at the same rale gs the solvenl, The leogth of time il Gakes
an unretarded moleculy w Oow throwgh the column s deiermined by the void volume
of the column (V). The purous spuey within a silica gel packing is usually abou (1.7
= the volume of the packimg: a Cvpieal packing volume m a (.36 = 15 em column is
ca 2.5 em’. Thus in theory # should fuke solvent or unretsrdesd maolecules, flowing at
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i ’&{E; arate of | mimin, cg 1.8 min (o pass through the void volume of such a columg (the
Ve Tig imtermal space is likely (o be redueed where e silica gel has been surface coared with
ha. stationary phuse), The lengih of tme il takes a retarded compround to pass through

the column depends on on its cupacily [actor (R”), which is a measwre of the degree

with which il partitions {adsorbs) inte the staionary phase fram the mohile phase:
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Schematic diagram of
bands tor three gitterent
compaunds traveiling
through a HPLE calumn,
Thir compaurd witks the
largest capacity facior
cmorges last

where ¥, is the void volime of the colamn, ¥, is the retention volume of the analyte,
£, 15 the time taken for an vnretained molecule 1o pass through the void volume and 7,
is the time taken for the analvie 10 pass through the colamn, [n the example shown in
Figure 101, compound B bas a larger capacity Tacior than compound A For
example, if a compound had w K7 ol 4, the ¥, ol a colamn was 1 ml and the solvem
was flowing through the column o | mUmin, the wtal time taken for the com pound
to pass throogh the column would be 3 min, e, for the 1 min réquired to pass
through the veid space in the column 4 min would be spent in the stationary phase.
"This isa simplification of the actual process but il provides a readily understandable
miedel. As can be secn in Figure 1001 the peaks produced by chromatographic
separation actually have widih us well vs a retention time and the processes which
give rise o this widhh will be considered Iater,

' Self-test 10.1 e

Caluulate the time taken for the fellowing compounds to emerge from a chromalographic
calumn under the specified conditions.

#' of compound ., af calumn {ml) Solvert flow rate {mifmin)

B . 1 1
o 1 2
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Calculation of column efficiency

The broader a chromatographic pak is relative Lo its retention time the less efficient
the column it is eluting from. Figure 10.2 shows a chromatographic peak emerging
at time 1, after injection: the efliciency of the column is most readily assessed from

the width of the prak gt hallily heighl W, and its retention time using Equation 1
Equation 1 =554 (LW, 50

where # i the number of theorsticul plales,
Column efficieney 1% usoally expressed in theorelical plates per metre:
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where s the codumm Tergth in e,

Acstricter madstre of column elliclency, cspecially i the retention timae of the
analyie is short, 1= miven by aguanon 2;
Equation 2 Nefe5840 0 W L0
where Woefifis the number of effechive plates and reflects the number of times the
analyta partitions between the mobile phase and the stationary phase during its
passage through the colurmn and ¢ =7 -1,

Amotber term whneh is used os o measore 15 H, the “height of a thearctical plase':

H=LNeff

where H 15 the length of column required for one partition step o occur

i ' ' id b sl HHA 1 ey )
F Self-test 10.2 T R TR e g '5;-&{".-‘4

A standard operating procedure states that a columin must nave ar eflicienoy = 30 000
theoretical platesim. Which of these 15 cm columns meets the speafication?

Hezenticn time af analyte (min} W o frman}
1. &4 0.2
2 58 0.2
3106 0.4

1 ULLP]O Ay

Origins of band broadening in HPLC

Van Deemter equation in liquid chromatography
Chromatographoe peaks have width and this means that molecules of a single
compound, despite hiving the same capacity factor, take different lengths of time
travel through the column, Fhe longer an analyte takes o mavel through a column,
the more the individeal molecoles miaking up the sample spread out and the broader
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the band becomes. The more rapidly a peak broadens the less efficient the column,
Deefailed mathematical modelling of the processes ledding o band broudening s very
complex.! The oeatment below gives s busic iniroduction 1o the origing of band
broadening, The causes of band broadening can be formalised in the Van Deemter
coquation {Equation 31 as applied Lo liguid chromaograghy:

A

i
- — g — ; v
=T+ e i ¥ N B S

Equation 3 £
H iz the measure of the cfficiency of the column {discossed abave): the smaller the
term the more efficient the colunmm,

a4 15 the lincar velocily of he mubile phase: simply how many cmfs an unretained
miclecule travels throwgh the column and A 5 the ‘eddy’ diffusion term: broadening
occurs because some molevules take longer ecratic paths while some, for instance
those travelling close 1o the walls of the colima, take more direct paths thus eluting
first. As shown in Figure 10,3, for two molecules of the same compound, molecule X
clutes before molecule ¥, [ Hguid chromatography the eddy diffusion term alse
contains s contribution feom streaming within the solvent volome itself. Le. A (see
the €, term) 1s reduced il the diffusion coefticient of the molecule within the mobile
phase is low because molecules lake less gmatic paths thevugh not being able o
diffuse out of the mainstream so easly,

Fig. 10.3
Eddy diffusian araund
particles of stationary
phase.

/ flaw

Parficles of stationary phasa

& 15 rate of diffusion of the molecule m the liguid phase which contributes to peak
broadening through diffusion sithet with or against the flow of mobile phase; the
contribution of this term iy very small in liguid chromatography. [ts contribution to
band broadening decreases as flow rate increases and it only becomes significant at
very low flow rates,

', is the resistunce 1o mass lransfer of a molecule in the stationary phase and is
dependent on its diffusion coellicienl i the stationary phase and upon the thickness
of the stationary phase couled onto gibica gel:

i ¢ thickness
S=TTp

where o thickness is the square of the stationary phasze film thickness and £, is the
diffusion coefficient of the analyie in the stationary phase,

Obviously the thinner and more uniform the stationary phase coating. the smaller
the contribution to band broadening frem this term. In the example shown in Figurc
104, molecule Y s retarded more than inolecale X, It could be arpeed thae this effect
evens out throughout the length of the column, but it practice the number of random
partitionings during the time required for elation is not sufficient to eliminate it. As
might be expected. C, mukes less contribution as « decreases.



Chromatographic theory

139

Fig. 10.4

Recistance ta mass
transfer of a mabegule:
within a particle of
stationary phase.

hobils phasze flow

Selid support
Stabarary phase

€, 1% resiseance oo mass s ler brought about by the diameter and shape of 1he
partickes of stationary phase and the rle of diffusion of a molecule in the mobile
phaise,

. & packing
Co=""p

m
where d° packing is the square of the stationary phase particle diameter and 1, is the
dillusion cocfficient of the analyte in the mobile phase.

The smuller and more regular the shape of the purticles of stationary phase, the
smaller the contribution to band broadening from this term. In Figure 1005 molecule
X 1 retarded more than moleculs Y both in terms of pathlength ithis really belongs
to the eddy diffusion termi-and contact with stagnant areas of solvent within the pore
structure of the stationary plase. Wil eegard wethe latier eifecr, the smaller the rate
af diffusion ol the melecular specics (£, ) in the mobile phase, the greater the
retardation will be, There sre an insufficient numbrer of randum partitionings during
elution for these effecty to be cvened out,

Sexvent flow Fig. 105
Band broadening due to

rasistance 1o diffusian of
a malecule within the
mahbile phase, contained
within the pores of a
staticnary phase and due
toirregularities in
statiznary phase pare
structure.

| Sohwant low
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Thus, o lew diffusion coefficient for the analyie in the mobile phase incresses
elliciency with regard o the A term bur decroases elficiency with respest o the O
term. Om balance. a higher diffusien cogllicient is mons favourahle. Higher column
temperatures reduce mass transker effects becanse the rate of diffusion of a molecule
in the mobile phase increases,

In practice the contributions of the A, Carand O 0" terms to band broadening ure
similar except at very high How rales where the Cu terms peedomimate. At very low
flow rates, the B tenn makes more of o conlrbution. A compromise has wbe reached
hetwecn analysis Hme and Mow mie, Advances in chromatopraphic reehniques are based
o the minimisation of the effects of the various rerms in the Van Deemeer equation
and it has provided the ratienale Foe improvements in the design of stationury phases,

' Self-test 10.3 e iy

indicate wnich ot the tollowing pararmeters can decrease or increase column efficiency in liguid
chromatography.

+ Yery low flow rate

* Large particle size of stationary nhase

+ Small particle size of stationary phase

* Thick staticnary phase coating

Thin stationary phase oating

Regularly shaped particles of stationary phase
Irr=gularly shaped particles ot statjarary phase
High temperature

= Low temperature

* Unaven stationary phase coating

Even staticnary phase coating

Unifarm stationary ohase particle size

* Mar-uniform staticnary phase particle size

s Low diffusion coefficient in the monile phose

= High diffusion coeficienl in Phe makile phase
Lo diffusion caefficient in the stationary phase
High diffusion ceefficient in the statienary phase.
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Van Deemter equation in gas chromatography

The Yan Deemter equation can be applisd o gas chromatog raphy with a different
emphasis on the relative importance of its lerms, [n fact, the interactions between an
analyte and a stationary phase are much simpler in gas chromatography than those in
liquid chromatography since the mobile phase does not modify the stationary phase
in any way. The theoretical consilerations are different for packed G columns vs
open mbuolar capillary columns,

In gas chromatography the Van Deemier equation can be weitten as:

ppen 2 ey
i
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Fig. 10.6
Barnd braadening factars
in open tubular columns,

where H s the measure of column efficiency, A is the eddy dilTusion coclficient # is
2% the diffusion coefficient of the analvie in the gas phise, C i composed of erms
relating 1o the rate of diffusion of the analyte in the gas and ligquid phases (inass
transfer, see above) and o is the carrter gas velocily,

For un open tubular capillary column (Fig, 1006} the eddy diffusion cocfficient
does not play a part in band hroadening and the © term s larzely composed of the
transverse diffusion coefficient in the gus phase sinee the liquid flm coating of the
capillary coluna wall is mypically 0.0-0.2% of the internal diameter of the column.
Blu is most favourable for nifrogen (dillusion coefficients of molecules are Iower m
nitrizgen than in che other commeonly wsed carmier gases hvdrogen and hclinn),
However, nitrogen only gives berter efficiency whers wis small since the siec of the
term Cu is governed by the resistance 1o mnsverse diffusion which is greatest for
nitrogen, 1.e. fast flow jates of nitropen reduce the interaction of the analyte with the
stationary phase. hMost often helium is used us a currier gus in capillary GC since it
gives d good efficiency without having 1o reduce the [low rate, which wouold give
long analysis imes, Transverse diffusion effects are reduced by reducing the internal
dismeter of 4 capillary column and thus the smaller the intemal diamcter of a
eolumn, the more efficient it is.

Liguag pl

4
Lengiudinal Gus fiow |

Liruid

With a packed GO column the separation cfficiency is lower because, although
the Iongitudinal dilTusion coefficient is lower, the eddy diffusion coefticient (4}
causes band broadenmg (Fig, 10.2). Tn addition, mass transfer effects are sreater Lo
a packed columm becanse of the rregular structure of the particles of packing and the
conzequent uneven coaling of @ relatvely thick liguid phase. However, whatever
evpe of (GO columm s vsed. the ©, term is not as siznificant as that o liguid
chromatography becuuse of the high diffusion coefiicient of inclecules it the gas
phase,

Parameters used in evaluating column performance
Having oprioised the eflivicney of @ chromatographic separation the guality of the
chromatography can be controlled by spplving certain system sutability tests, One
of these is the caleulalion ol theoretical plates for a column and there are tao other
matn parameters fur assessing performance: peak symmetry and the resolution
Pretween critical pairs of peaks, A third performance test, the peak purity pansneler,
cart be applied where two-dimensional detectors such as diode o coulomeiie
o mass spectromerry deteclors wre being used. The reproducibility of peak retention
fimes s also an important paraneter for conrolling performance.

Resolution
The more efficient o column the greater degree of resolution it will produce hetween

2M
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closely eluting peaks. The resvlulion bewesn lwo peaks — Aand B (Fig. 0.7} is

expressed in Equation 4:

Equation 4 Ro=2{1g - L0 W + W,

where 1, and ¢, are the retention times of peaks A and Boand W, and W, are the
widihs ol peaks A and B at baseline. An A, of | indicates s separition of 4a belween
the apives of two peaks. Complete separation is considered o be K, = |2, The
retention fimes of pedks & and B are 2623 and 27.2 min respectively. The substitutiun
of these valugs and the valoes obtained for peak widths at base for A und B into
Exguation 4 s as follows:

2272 -263)

= = .6
056+ 056

It 15 obvious withoul calewlation that peaks A and B are well resolved, With
incomplete sepuriion, the determinaton of resolution is more difficult since the end
and beginning of the two partially overlapping peaks has to be estimuted; i the peak
shape 14 gond Bt is easiest o asswme the same symmetry for the leading snd tiling
edges ol the lwo peaks. [ this is carried out for peaks B and C in Figure 1007, their
resolution s foumd Lo be 083, which is not'an entirely satisfactory resolution. More
15 required of the inlegrator which i used to measare peak areas when peaks overlup
since it must be able (o decide where one peak ends and the other beging, Ideslly
peak overlap shiuld be avoided for quantitative accuracy and precision.

B Fig. 10.7

I"I Determination of the

|I | degree of resolution

| || hatweean
chromatographic peaks.
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colemns meet the specification?

The BP assay of betamethasane 17 valerate states that It must be resalved from
batamethascne 21 valerate so that the resalution factor is = 1.0, Which of the follawing ODS

Retention time of

Retention timge of

bhatamethasons betamethasans width al base of bet ‘Wichth at base of bet
Z1-walerate (min} 17 wvalerate (min) Fl-valerate {mind 1¥-walerata {min}

1 B 8.5 0.4 0.5

2. B3 a6 .4 0.4

FRUE | sy
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Peak asymmetry

Another sitwation which may load to poor mtegrator perfonmance 1s where peaks are
tailing and thus have a gh clement of ssymmetry, The capression esed 1o assess
this i

Asvimmelry factor (AF) = hfa

where 1% the leading half of the peak measured at 109 of the peak beighe and bois
the railing half of the peak measurcd at 10% of the peak height{Fig. 10.8], This
value should fall, ideally, inthe rmnge 095115, Poor symimetry may be cansed
throweh: losding oo much sample omo the column, smnple decomposition, the
amalyie adsorbing sirongly onte active sites in the siatonary phase, poor crapping of
the analyie when it is loaded onle the columm or i mach 'dead volume” in the
chromatographic svstem.

_____ == Fig. 10.8
| Determination of peak
| asymmetry.
h L h / '
i |
i b
olhy B b N "?_'.‘./"La....— -
A Tirme grmir} B Time {rmin}

The pesk in Figure 1008A has an assmmetey factor of (97 and this is due to its
tatling slightly at the fronl edge; this may be due o inefticient rapping of the sample
ol e Toand ol e colon as it s loaded, The peak in Figue 10088 has an
asymmerry factor of 1.77 and is thos tailing quite badly; the most commuon canse of
tailing is due to adsorption of the analvie onte aetive sies in the chromatographic
calumin.

Data acquisition

An integrator, whether it is based on o microprocessor or PC software, simply
measures the total amount of current which owes avver the width ol s
chromatographic peak. To do this it messures the e of merease of voltage
appreximately 30 times across the width of the peak. The parumwler which indicates
when measurement should start 1% the poak threshold which determines the level that
the voltage of the signal should dse o belore aeowmulation al the signal will vecor,
T avedd storage of baseline Jrilt the peak width parameler 3s linked 10 e peak
threshold parameter, which imdicates thal if the signal rises above haselne the slope
of the risc should have a cerain steepness belone 1 is regarded a5 a peak, A narrow
peak width setting indicatcs that the expected slope should be steep and a wide peak
width setiing indicates that the cxpected slope should be relatively shallow, For good
digital recorling a peak should be sampled ca 30 Gimes scross Hs wildth, The setting
relares wo the estimated width gl hali-height of peaks in a chromatogram, e.g, a width
setting of 0.4 min would cover many HPLC applications, There is quite a wide
degree of lolerance in the peik width seing althewgh i should be sel within 2 100%
of the capected peak width at half-heighl W ensure accorale peak integrilion.
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A factor which car cause a loss of preciston in chromatographic quangification s
the reproducibility of the way i which peaks are integrated. If peaks have good
symmetry, are well resolved from aeighbouring peaks and e well above baseline
noise, inlegralion is lkely (o be reprodugible, The pesk threshold (PT) serting has
e greatest et on peak area and 1 has 0 be set bigh enoegh lor luctuations in
the Baasedine (o be gnored, Tn the example shown in Figure 109, in the sl case the
threshobd s set fou Tow and a il of beseline drill 1s altached to the peak during
inegration, In the second case. the threshold is set higher and the tail is ignored. The
ared ol peak A delermined with-a peak threshold of 100 0V is only 94% of the area
dletermined for peak & with maling huseline inciuded at s (hreshold ol 10 @V, This
comld make a signilicant dilTerence to the precision of the analysis depending on
how reproducibly the peak tail was integrated, This lype ol elleclis only lkely 1o be
sigmificant i the stee al the peaks s Tow i relation Lo baseline fuctuations,

| FT 10 u¥ BT 100 uV
I B &
| II|| 'rll
i |I I 1
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| ')
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A I | Ik |

! | I i I' '-I i

[ | o v [
| I'. | I i S EHL kol

T _Iz" n_r i - *T DT R [ty R
Slan Stop Start  Stap

Feg. 10.5
The eHert of the peak
thyreskc ol '_.q'tting.

The twas [used peaks shown in Figome 1009 are ool as affecled by a change in the
peak tireshold setting, however, theit ureas can ondy be approximated because of
their erverdap, 10 is possible By setling 1he inegrator (o produce 8 langent skim w
Change the way in which these peaks are inlegrated as shown in Figure 10,10, 1n this
instance where the peeks are almost resolved and are not vastly different in height,
the integraiaon method wsed in Figore 1009 probably gives a beler approsamacion of
the areas,

B Fig. 10.1¢
Tangert ckimming of &
peak on & tailing edge.

Report generation

Computenised data handling systems wilk generate reports inclading a number of
system suttability parameters. Figure 111 showws a chromatogram with a report
form appended. Tn order for the report to-be generated, the computer hias 1o be given
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s informmtion, ¢.g. the expected retention tmes of peaks for which resolution
Factors have to be measured and the retention tme of an unretsined peak in order to
determine capacity factor, With increasing dependence on computers, i is important
o be uble o guesstimane whether the computer is genersting sensible data; the
ability 1o calvulme the variooy efficieney parameters from first prineiples is an
imporiand check on the performunce of the integrator.

IS Fig. 10,11
I-", Chromatographic trace
’:' E.? { | with repart inchading
R ] e Heabai i
.' |I I 5 ! | wgrlerm suilabilily fests,
! Time fmin) [
nper ..
Companent Retention time Aroa % calumn AF miry R, K
) 20,1 16.3 50 166 0.95 0.2 - 18.3
B 204 13.2 65 2289 0.87 0.2 1.4 189
C 21.2 15.5 E1 188 1.12 0.17 0.81 18.2
D 220 2 44 397 0.09 0.23 1.8 200
15 25.7 378 a4 316 0.7% 0.23 - 3.4
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