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OPTIMIZATION FOR MINIMUM ANALYSIS
TIME OF THE SEPARATION OF BENZENE
AND DEUTERATED BENZENE BY REVERSE
PHASE MICROBORE AND RECYCLE HPLC,
AND THE UTILITY OF D20

Sj. van der Wal

Varian Instrument Group
2700 Mitchell Drive
Walnut Creek, CA 94598

ABSTRACT
Qptliaization for minfimum analysls time is demonstrated for
HPLC separatious of different degrees of difflculty. The
separation of benzene and perdeuterovbenzene can be performed ia
less than ten wlnutes, separation of benzene and wonodeuterobenzene
takes several hours.
The use of deuterium oxide and long wuilcrobore columns is not

recommended sluce two=coluan recycle chromatography otffers shorter
analysis times rthan a loag single-pass coluan.

INTRODUCTION
We are Iinterested {n demonstratlng the advantages of
ufcrobore chromatography over standard HPLC procedures. The
fmproved uinimum detectable quantity of microbore chromatography

when employling UV absorbance and fluorescence detection has been
2003
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shown before}) The cost savings for expensive mobile phases such
as deuterated solveats are obvious. It 1is well known fthat

2) or infrareda)

deuterated nobile phases can be necessary when NMR
detection are to be used.

Perdeuterated analogs of the analyte(s) would be ideal
internal standards for HPLC as they are ia GC=-MS (e.3. sce 4) but
separation by HPLC of analyte and perdeuterated analyte appears aot
6)

L4
to be easy.”? Deuteration may also be useful in the study ot

enzyuwe—nediated reactions and in the design of drugs with optiwun
7)
therapeuric activity.
A dramatic increase in selectivity has been reported (ocr the
separation of benzene and pevdeuterohenzene when using lony reverse
phase ajcrobore columns with deuteriam oxide (DZO) iustead ol watar
(1i,0) la the wobile phase.g) This separation is notoriously
difticult since no pX, change occurs on hydrougen~deuterium substi-
. 3 9)
tution in this wolecule, as ln acids™ or bases. [Note thar the
isotople effect of substitutlon of aliphatic hydrogens seeas cven
smaller than that of aromatlce ones.5’7)}
The separation of benzene and perdeuterobenzene as reported Ln
skes s al 3 8) s - L 10)
the llterarure takes several hours even when using recycling.
3y fincreasing the water coatent of the mobile phase it was
predlcted“) and recently shown'}) that the separation time could be
decreased to about an hour. Therefore an increase of selectivity
by using deuterium oxide instead of water would result in
substantial savings in separation time.

The objective of this study was to investigate the benefits of

using deuterium oxide in difficult separations, specifically in the
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separation of isotoplcally diffariug molecules. As an example the
separation of benzene and (per)deuterobenzene was used. To assure
that the f{aprovement sought with D,0 could not ba obtained

ll)], 4 vegular optinmilzation of chrowmatographla

othervwise [e.3. sce
conditlons was performed using il,0 in the uobile phase.
EXPERIMENTAL

Separations were performed on a Varlaa LC 5560 1liquid
chromatograph equipped with a Model 741G injectlion valve {Rheodyne,
Cotat{, CA., USA) and a UV 200 variable wavelength absorbance
detector (Varian). Comuercifally avallable 15 cam x 4.6 aa Uicropak
SP C18-3 columuns (Varian) were used excepk for the aticenbore
experiment of Figure 5 In the wmlcrobure column experiaent the LG
5560 was used in the split-flow node!®) aud an experimental 100 nl
UV 200 [lowcell was employed. In all other experiments the UV 200
detector contained the standavd 0.5 ul microbore [lowcell (Variaan).
The switching valve ia the recycle experiment (Flgure 5) was a
Model CHhU (Valco, Houston, TX, USA); the in~line filters (#7302,
Rneodyne, Cotatl, CA, USA) contained a 0.2 un FluorlporeR
(Millipore, Bedford, MA, USA) ingertl?),

Moblle phases consisted of delonized HPLC arade water,
deuteriun oxide (99.8% D, Sigma, St. Louis, MO, USA) and HPLC grade
acetonitrile and methanol (Burdick and Tackson, Muskegon, MI, USA).
Analytes were purchased frow Sigma Chemical Co.

RESULTS

A. Optimization of Benzene/Perdeuterobenzene Separation

The uinimum separation time of a mixture of two components,

£, can be expresed in the chromatographic parameters as:
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k*, +1 h ¢))
u

k1% kz‘ = capaclty vatio of compound one and two,
respectively
¢ = selectivity factor of the two componeats = k‘z/k‘

1

Rreq the required resolution between the compounds

(expressed in standard deviations of rthe first peak)

iy = height of 4 theoretical plate for ths first elaring

compound

il = linear velocity ot the mobile phase through the columu.
As indicated in equation |, the selectivity factor has a profound
effect on EKhe wianlaum aialysis time for chromatographically very
siafilar compnunds like benzene: aad perdeuterohenzene. Several
sLartionary phases were surveyed for thelr selectivity; Hicropak SP
Cls was chosen [or optilmization, giving good selectivity and high-
ef {iclency columns. Tt is available in 3 um and 5 um particle
sfze. Flgure 1 shows the depeadence of H/u oa the pressure-drop
pec theoretical plate for Micropak SP €18 in the 3 um particle size
with two mobfile phases of difference viscosity. It is clear that
the ainfaun value of H/u, corresponding to the fastest separation,
can be reached for the highest avallable pressure=-drop per uuuber
of theoretical plates required. Except at very high (>105) numbers
of theoretical plates, the 3 um material gives Easter separations

than the 5 um material.
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Flgure 1 The dependence of H/u on P/N for Micropak SP Cl8-3.

Closed symbols: 50% methanol, 50% water; open symbols:
35% acetonitrile, 65% water.
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The number of theoratical plates raquirad, Npuqr 18 related to

ql
the other parameters by:

R = (a-1) k1 N
req I req
kl‘ + 1

So, first the other parametecs have to be set (R. ), or deterained

req

(o kl'). Excellent quantitation of coupounds i{s possible Cor Rreq

= 4 and virtually complete "baseline” separation occurs af Rreq =
6.

Since the effect of differeut organic unodifiers was found to
he generally winor, only the dependence of the selectivity on the
capacity {actor for methanol and acetonitrile as organic mobile
phase wodlliers is given In Flgure 2 (Curve A and B). The winimun

separation times for R, . = 6, calculated from equations 1 and 2

q
and Figure 1 and 2, are shown {n Figure 3 as a function of mobifle
phase composition. The chromatogram of Figure 4 confirms that the
perdeuterobenzene/benzene separation is not difficult at all after
an optlauization is applied. Thus, there is no Llncentlve to use DZO

rather thaa Hy0 tor this separation.

R. Optimization of Benzene/Monodeuterobenzene Separation

A much lengthier separation tiume can be anticipated if the
objective 1s the separation of benzene from wonodeuterobenzene. An
experimental 5 um reverse phase packing, based on a different
silica, showed increased selectivity for this isotopic separation
relative to Micropak SP Cl8-3 (c.f. Figure 2, experimental packing:
curve C and D, vs Micropak: curve A and B). A 2250 x .3 mm fused

silica column was packed with this material. The column appeared
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Dependence of ( -1) on the capacity factor of benzene for
it separation [roa perdeuterobenzene.

Curve A and B: Micropak SP (Cl18-3; Curve C and D:
experimental packing. Closed symbols: methanol
modifier; open symbols: aceftonitrile modifier;
percentages of modifiers are indicated.
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"igure 3 Minimum separatlon time of benzene and perdeuterobenzene
a8 4 functlon of modifier concentration in the mobile
phase. Closed syabols: methanol modifier; open symbols:
acetonitrile modifier.

not to be as efficient per unir leagth as the standacrd 150 x 4.6 am
Hicropak SP Cl8 columus buk irns convenience of use (one, flexible
column), ceduced dilution of chromatographic peaks and superior
selectivity (due to the different packiang) might rendec in the
column of choice over coupled standard columns for difficult
isotop.tcv separations. Figure 5 shows a representative result.
Resolution was maximized at the expense of separation time.

Complete separation will require larger particles or higher
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Figure 4 Separation of perdeutcrabenzens and henzene.
Column: 150 x 4.6 mm Micropak SP Cl3-3
Mobile phase: 35% acetonitrile, 65% water
Pressure: 500 bar.
=
F4
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660.0 680.0 700.0 720.0 740.0 760.0
MINUTES
Figure 5 Separation of perdeuterobenzene, monodeuterobenzene and
benzene.
Colunn: 2250 x .32 mm fused silica column with

experimental packing.
Mobile phase: 15% acetonitrile, 85% water
Pressure: 400 bar.
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pressure, a longer column and extremely long separation times.
Figure 1 clarifles this: due to the maximumn pressure allowed by the
iPLC equipment and the large required unumber of theoretical plates,
there is only a few millibar pressure avallable per required
Lheoretical plata. In this region larger particles becoue
preferablela) but separations are extremely slow.

A means of cz=ducing analysis time by removing the maximun
operating pressure of the HPLC equipment as a severely limiting
factor is Lo use Lwo~coluan racycle chtomatographyﬁ’10’13’l6J7)
A compromise has to be struck between higher speed operation with
smaller capacity factors and shorter columns or hlgher peak
capackty operation with lacger retention and longer columns. The
latter has the advantage of using fewetr cycles and 13 less
demandling on the accuracy of the timing of coluun switching (timing
errors for column recycle are cumulative) on the performance of the
columns (talling) and on the equipuwent (extra-colunn
bandbroadening). 1t was claimed that for high-pecforuance recycle
chromatography microbore columns are essential since 40% of the
efficlency was lost during each coupling step on larger bore
columns'™. The multiplicative talling effect17) would not have
shown ap ln ouly five cycles on loug columns, however. It was
therefore decided to take the more demanding high—speed approvach
using two standard 150 x 4.6 Micropak SP C18-3 columns and an UV~
200 detector with an .5 ul microbore flowcell as an in-line
detector (see Figure 6). The in-line detector appeared to be leak-

free up to 400 atm. The extra-column bandbroadening of several
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Figure 6 Schenmatlc ot high-speed columun racycle equipment. Extra-
column varfance was measured analoguous to Ref. 15. The
resulting variances are indicated in parentheses. 1 =
#iPLC punp, 2 = tnjectlon valve, 3 = switching valve, 4 =
in-line filter, 5 = column, 6 = in-line detector.

components of the recycle systew at 1.0 ml/uin Is also given in
Figure 6. The in-line detector was used Lo guide the swltching. A
result obtajined with thils equipment after 19 cycles is shown in
Figure 7: a distinct improvement over the separation on a long
microbore column in separation time as well as resolution is

observed.
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Figure 7 Recycle chroaatogram #19 5f wonodeuterobenzene and
benzene. System as in Figure 6. Hobile phase: 40%
acetonitrile, 60% water. Flowrate: .85 ul/wmin,
Pressure: 370 bar.

A definlta conclusion on the trade-offs between microbore aund
staudard columa recycling could not be reached; further work

16,17) requires

elucidatiag the less—than-theoretlical efficiency
novel hardware and is in progress in our laboratory.

C. The Use of D20

Jinnos) observed a larger than threefold increase in
selectivity when replacing uzo with DZO in the separatloa of
benzene and perdeuterobenzene by reverse phasu: HPLC with a 30 = 40%
methanol containing mobile phase. Unfortunately reproduction of
these results in our laboratory was not successful.

D,0 is a slightly more polar solvent than Hy0 and C4Dg a more

polar analyte than C6H67). The mechanism of isotopic separations
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by reverse phasa HPLC is thought to {uvolve stronger Vaan der Waals”
Intersction of the stationary phase with C~d bouds than with C-D

bondsll)

, and Figure 3 shows a regular peakshape and efficiency for
CyPg» siving no indication of a secondary equilibrium phenowmenon.

by0 1s 237% more viscous than 1,0 so longer separation times or
hizher pressures result. Moreover, the expense of 0,0 will induce
tie use of mlcrobore chromatograpny where the detriamental effect of
extra=coluan bandbroadening 1s likely to wipe out auny slight
selectivity gain obtained by the use of D50,

It thus cuan be concluded that using DZO in place of hZO as a
mobile phase constitueat will 1ot slgnificautly ifaprove the

separatjon of lsotoplcally different aromatic wolecules.
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