variance is additive, bet standard deviation
5 oL

Third Week

B3 why Bands Spread™

A band of sohste invanably spreads 2= it travels through o chromatography column (Figure 22-11%
and emerges ot the detector with o stendard deviation . Each individoal mechanism con-
tributing to Broadening prodisces 0 standord devintion o, Tha shserved varinnee (a%,,) is the
sum of variances from all contributing mechanisms:

Variarce i additive: n—oiteitolt - ol {22310
Broadening Outside the Column

Sohude cannot be: appliad fo the column in an isfinitesimally thin zone, so the band has & finite
widdth even before it emters the coloma If the band is applied as a plug of width Af {memsured
in maits of fime!. the coninbution to the varance of the final bandwidth is

Waniance due to 5 2 (Ar)? -
injection or detection” e i T T o

The same relation holds for broadening in a detector that requires o time Af for the sample toe
pass through. Sometimes on-column detection is possible, thereby eliminating the problem of
band spreading in a detector.

Band Spreading Before and After the Column
A hard from & colemn eluted at a rate of 1.35 mlimin has 2 width ot half-height of 1635
The sample was applied as a shorp plog with o volume of 0.30 mL., and the detector

volume: is 0.20 ml_ Find the varionces intmduced by injection and detection. What would
Wy be if broadening ocoummed ondy on the column?
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FIGURE 22-18 The finifte time requiined Sar
solute to equilibrate betw een mobile and
stationasy phases gives fise to Cuty in the van
Deernter squation. The stower the inear ficw,
the rmcre complete equilibraticn is and the less
oz brosdaning orure

The Term A was formerly called e addy
cfusion 1em.

ISSG

where Dy, is the diffusion coedficient of solule in the mobile phase. [ is time. nod Hp is the
plate height due to longitudinal diffusion. The time needed to travel the lemgth of the column
is Lfw,. where L is the oolumn length and e, is the linesr flow mate.

Finite Equiibration Tima Batwaen Phasas
The term Cu, in Equatinn 12-33 comes from the fimite ti quired for sohste bo egui be-
tween mobile and statioaary phases.” Although some solute is stuck in the stationary phase. the
resmiai nder i the meobile ph: forward. ding the overall rone of solute (Figere 22-18)
Plae height from finite equilibration fime, also called the mass frangerlem, is
Piate height due io H
Jnite equilibrafion time: -
whera €, describes the mte of mass trnsfer throogh the sationary phase and C.,, describes
mass transfer through the mobile phase. Specific equatioas for C, and C, depead oa the type
of chromatezraphy.
Faor gas chromatography in an open mbualar column. the terms are

e = Cit, = (€, + € bt (22.38)

- 1
M’n:r_.r tranxgfer in c - 2k d_ (22-33a)
staticnary phase: = Wk+ 1V D,

Masr transfer in o T DR ANE: UE 7 (22-35h)
mohile phaze: = Mk+IP Dy

where k is the refemtion factor, d & the thickness of siationary phase, [, is the diffusion coefficient
of solule in the stntionary phase. ris the column radios, and D, is the diffusion coefficient of
solute in the mobile phase, Decreasing stalionary phase dhickmess, d, reduces plate height and
increases efficiency becanse sofute can diffase faster froen the Farthest depths of the stationary
phase into the mobile phase. Dhecreasing column radios, r. reduces plate hedght by decreasing
the distance: through which sotute muast diffuse 1o reach the stationary phase.

Muss trnsfer plaie height is abo decreased by increasing lemperature, which increases
the diffusion coefficient of solote in the stationary phase. In Figore 22-19. raising the temper-
mture allows the limear flow mite to be increased by a factor of 5 while maindaining acceptable

ion. Resolation is maintai becawse of the i rale of mass transfer between
phases al elevated lempertre. Many commoen silica-hased stationary phases for Figuid
chromantography are not sizble at elevated temperature. The zirconia (Fr0; -based material in
Fignre 22-19 is nsed hecause it is stable.

Multiple Flow Paths

The berm A o the van Deemier aquation (22-331 anses from multiple effects for which the
theory is murky. Figoe 22-30 is a pictorial explanation of one effect. Because some flow
pathe are longer than others. molecubzs entaring the column b the same time on the l=ft ae

1
FIGURE 2219 Liguid chromatography E
shawing decreazed analyss ime when i
temperature & raised from 30° o 100°C. 1
1, urac; 2, p-nitroansfine; 3, methyl benzoute; E
& phenetole; 5, tokiene. The: A&-mm-diameter x g

10-crmvlong column was packed with 4.5 um- 1 s

diameder zirconia (Z50) coated with 11 witth Vatfae .
polybutadiens and sluted with 20 ol

acetoeitrile i water, [from L, Y. Ha and || 5

P W, Car, “Fast Sepansions o Elmeted Terperstres i

o0 Polpbutadiee: Conted Tircorsi Reyersed-Fhesse N || i\
Materialy Al Cheem 1997, &3, 3884 Fora T e
e bemsed stationery phase, terrpentin = el TR e
st et G0 8 prevent hyeihyme of e silew. Tima (i)

CHAPTER 12 introdudtion i Anakylicai Separstions




Cwerinating
atfupt B of the

A 10N Wil DCTurs whem some SIes rein
‘SOEUTE MAOre Songly than oiher sies.

eluted &t differemt times on the right. For simplicity. we appeoximate many different affects
by the constant A in Equation 22-33.

Advantages of Open Tubular Columns
In gas chromatography. we have a choice of using open tubular cofumns or paciced columns.
For semilar analysis fimes, open tobular columas provide higher resolutson and imcreased sen-
sitivity to small quantities of apalyte. Open tubular columns have small sample capacity, so
thay sre aot usefl for preparagive separations.

Particles in o packed column ressst flow of the mobile phase. so the linear flow mate can-
not b very fast. For the same lensth of column and applied pressure. the linear flow rate in
an open twbulsr column is moch higher than that of o packed column. Therefore, the open
tubular colamn can be made 100 times longer than the packed column and still achieve a
similar pressure dmp and linear Aow rale. If piate height is the same, the longer column
provides 104 times more theoretical plates, yielding v/T00 = 10 times more rsolution.

Plute height is reduced in an open tubular column because band spreading by multiple
Aow paths (Figuere 22-20) cannot occur In the van Deesmter curve for the packed column in
Figare 22-14. the A term accounts for half of the plate height at the most efficient Aow mbe
{minimum Ff} near 30 mLJmin. If A were deleted. the number of plates on the column would
e dowhled. To obtain high performance from an open tubular column. the mdios of the cofumn
st be small ond the stationasy phase must be @5 thin as possible to ensure rapid exchange
of sobute betwoen mobile and stationary phases.

Table 22-3 compares the performances. of packed and open tobular gas chromatography
columns with the same stationary phase. For similar analysis times. the open tubalar columa
gives resolution seven limes better (106 versus [.5) than that of the packid column.
Alternatively, speed could be traded for resolution. If the open wbular colemn were reduced
o 5 m in length. the same solutes could be sepamted with & resobmtion of [.5. bul the time
would be redoced from 285 to (L83 mun_

A Touch of Reality: Asymmetric Bandshapes

A Gaussinn bandshape results when the partition: coefficient, K (= c,/c,,). is independent of
ihe concentration of sobute on the columa. In real columns, K changes as the concentration of
solute: increases; and bandshapes are skewed.’ A praph of ¢, versus o, (at a given lempera-
tare) is called an isotherm Three common isetherms nad their resulting bandshapes are
shown in Figone 22-21. The ideal center isotherm gives a symmetric peak.

The upper isotherm in Fgure 22-2] arses from an everlaaded columa in which too mach
solute: has been sppliad to the column. As the comcentrstion of schute increases. the solute be-
comes maore and more soluble in the stationary phase. There is so much sehsie in the stationary
phase that the stationary phase begins 1o resemble sohre. (There is a mbe of thumb in chemisiry
that “like dissolves like ™) The froat of peak has gradually i i i

TABLE 22-3  Comparison of packed and wall-coated open tubular
column performance”

Property Packed Orpen tubular
Column length, L 14m 1) m

Linear gas velocity Eomis I cmis

Plate height for methy] oleate 0.T3 mm 034 mm
Reteation factor, £, for methy] oleate 586 27
Thexretical plates, N 3200 294 000
Resotution of methyl steamte and methyl oleale L5 106
Retention time of methy] oleats 208 min 385 min

M e | OO CI 0, Mt Sk 0 O Bl 50,0 e it o

souwca L 5. Sre, Inimdstion fo Opes Tubatr Columar (Norwet, CT: Fertle Kimer Corp, 1979, p. 26
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prosuces 3 gradual rise and an As the concentrafion imcreases, the
pE

cobwmn but ends shruptly.

trution after the peak.

FIGURE 12-20 Band spreading from
mistiple flow paths. The smaller the stabionary
phase particles, the less serious tis problem ix
“This process i absent in an open tubailar
colume. b dmpied fom H. M. Mcha and

E_ £ Bonell, Bove Gos Chromomeroply (Peio Alto,
ICA: Varian Insvurment Diweson, 156883

Compared with packed cofumns, open tsbular
COMIMINS C30 v
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= lower sample capacity

For 3 given pressure, finear fiow rase is
proporsonal w ooss-seciona area of me
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lengh:
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Compased with packed columns, open tubula

cotumns aliow

= inoeased Enear tiow rae or 3 kanger
coburmn ar both

= decraasad plae haight, which means highes
resnlution

., = mcenuation of sohae in sAionay phase
€. = cancenmation of salute in mobile phase

band becomes overloaded. The solute is so soluble in the
zone that ittle solwie mdls behind the peak. The band emerges gradually from the

The keaer isotherm in Figere 22-21 arises when small quantities of solule are retained
more strongly than large quantities. Tt kends to & long “tail” of gadually decreasing concen—

Sites that bind solute strongly cause wiling. Silica surfaces of colomns and stationary
phase particles have hydroxyl groups that form hydrogen bonds with polar sobutes. thereby
leading to serious miling. Silanization reduces tailing by Mocking the hydroxyll groaps with

nonpolar trimethrvlsilyl growps:
OH OH

—|Si—u—|si— + (CHy),SiNHSHCH,), — —]Sj—o—tlsi—

Salict phase
with exposad

(CH.Si0

OSi(CH,),
+ NH,
(22-36)

={1H groupe

Olnss and silica columns used for gas and Bigquid chromatography can also be silanized to min-
imize interaction of the solie with active sites on the walls.
Now that you hove been exposed io many concepls. you might want to read about m
u oc madel of cb by in Box 72-1
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Overloading

FIGURE 22-21 Common isotherms and their resulting chromatographic bandshapes.



