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Peak Separation by Adventitious or Added Water affected by its effects without realizing it. While the influence

in Normal-Phase Chiral HPLC of trace water imondonor eluentfor HPLC on SiQ or Al,03
is well recognizedd8its relevance for alcohol-containing eluents
and polysaccharide coated chiral stationary phases is not evident.
We now present case studies illustrating the effects of adventi-
Institut fr Organische Chemie, RWTH Aachen, Landoltweg 1, tious or added water on peak resolution in normal-phase chiral
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D-52074 Aachen, Germany HPLC, which are more general than previously recognfZed,
_ and conclude that water, which is actually a “forbidden” solvent
lukas.hintermann@oc.rwth-aachen.de in normal-phase chiral HPLC, is a useful additive for finding

) reliable separation conditions.
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Trace amounts of water in eluents for normal-phase chiral
HPLC can affect peak retention time, tailing, and resolution.
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Adventitious water can cause irreproducible analyses. De-
liberate addition of water to the eluent can improve peak
resolution and save analysis time and solvent needs.
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The quantification of enantiomer mixture composition is

essential to determine the success of any enantioselectiveF'GUR'tf_ 1 ';'P'-f Ch&‘;mgt‘)g:amé"usﬁﬂng an "ti”?P“t)r?gﬁib'?" Pe/ak
H : H : : separation orac-1 andZ, e 1o adventitious water In eptane.

synthesig. Liquid chromatography on chiral stationary phases iPrpOH E90'10) friule (a;J measu\iemlelntuw\i,:h “agljed" eIu%nt' ©)

determines the relative quantity of both enantiomers as opposed.,casurement with freéhly prepared eluent. ’

to an enantiomeric excess; consequently, raw materials or

m.ifurez can li)e ar|1alyzed. Irll a}l synthetict:) organic envirc?nmhent Specific effects of adventitious or added water on the retention
with moderately polar, nonvolatile test substrates, normal-phasemeg of individual components in a mixture are illustrated by

HPLC?? is the preferred method of analysis. The commercial e analysis of mixtures of flavanor® @nd 2-hydroxychalcone
availability of chiral stationary phases, particularly those based 2) (Figure 1). Sincel can interconvert wit!2 under a range of
on polysaccharide-coated silica, has added to the widesprea onditions, the chiral HPLC method must sepagfom both

regular use of the techniqterhe reproducibility of analytical  onantiomers of, or ee determinations might be inaccurate. The

separations on a given phase (‘column”) depends principally gationary phase Chiralcel-OD is recommended for analysis of
on the eluent composition, flow rate, and temperatuther, nonhydroxylated flavanones includirig®®1° First runs gave

less obvllous.factoi% may remain unrecognized by the analyst, satisfactory resolutions both for the flavanone enantiomers (
and their unintentional variation can lead to puzzling results, _ 1.33,R = 3.36} and the pai2/S-1 (@ = 1.31,R = 2.85)

as embraced by the phraseser to user, and column to column (Figure 1a).

variations”. We recently encountered surprising cases of

apparently irreproducible separations which turned out to be (7) Effects of water on chiral HPLC separations: (a) Balke; Persson,
connected to adventitious water in the mobile phaSince the A.; Lagerstian, P.-O.; Persson, B.-A.; Schill, @. Chromatogr1991, 553
trace water content of eluents is highly variable, difficult to 391. (b) Balnie, K.; Lagerstian, P.-O.; Persson, B.-A.; Schill, Gl.

Chromatogr.1992 592 331. (c) Svensson, S.; Vessman, J.; Karlsson, A.
control, and not regularly analyzed, many HPLC users may be 3 Chromatogr. AL999 839 23, (d) Wang, F.- O'Brien, T.. Dowling, T..

Bicker, G.; Wyvratt, JJ. Chromatogr. A2002 958 69. (e) Bielejewska,
(1) Eliel, E. L.; Wilen, S. H.; Mander, L. NStereochemistry of Organic A.; Duszczyk, K.; Zukowski, JActa Chromatogr2005 15, 183.

CompoundsJohn Wiley & Sons: New York, 1994; pp 234295. (8) (@) Snyder, L. R.; Kirkland, J. Jdntroduction to Modern Liquid

(2) (@) HPLC Made to MeasureKromidas, S., Ed.; Wiley-VCH: ChromatographyJohn Wiley: New York, 1979; p 374. (b) Snyder, L. R.
Weinheim, 2006. (bfhiral Separation Technique8rd ed.; Subramanian, J. Chromatogr. Scil1969 7, 595.

G., Ed.; Wiley-VCH: Weinheim, 2006. (dThiral Separations by HPLC (9) (a) Application Guide for Chiral Column Selectipnd ed.; Daicel
Krstulovic, A. M., Ed.; Ellis Horwood Limited: Chichester, U.K., 1989.  Chemical Industries: Tokyo, 1989. (b) http://www.chiral-application-
(d) Unger, K. K.; Weber, EA Guide to Practical HPLC GIT Verlag: guide.com/, accessed July 2007.

Darmstadt, Germany 1999. (10) Okamoto, Y.; Kawashima, M.; Hadata, B. Chromatogr.1986

(3) High PerformancelLiquid Chromatography. 363 173.

(4) (@) Okamoto, Y.; Yashima, Angew. Chem., Int. EA.998 37, 1020. (11) o is the separation factoo(= ko/ki for kn = {tn — to} /tg) andR the
(b) Francotte, E. RJ. Chromatogr. A2001, 906, 379. (c) Yashima, E.; resolution R = 2{t; — t;}/{w; + wy}) for t, = retention time andv, =
Yamamoto, C.; Okamoto, YSynlett1998 344. baseline peak with of componemtA resolution ofR > 1 is usually required

(5) Persson, B.-A.; Andersson, $. Chromatogr. A2001, 906, 195. for satisfactory peakarea ratio determinations. '

(6) Meyer, V. R.Pitfalls and Errors of HPLC in Picture2nd ed.; Wiley- (12) Conditions: Chiralcel OD (4.& 250 mm,n-heptaneéPrOH 90:10
VCH: Weinheim, Germany 2006. (viv), 1 mL min~%, 20°C, A = 254 nm).
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TABLE 2. Trace Water Content of Solvents Used for HPLC

+0.25%
“ '\ '\ H.0 0.01% N\ /\ specified measured
entry solvent grade  HyO (ppm) H20 (ppm)
o o 1 'PrOH HPLC <500 38
/\_/\ /\ 0% - 0005% NL /\ 2 iPrOH, “wet'  HPLC <500 18700
3 EtOH abs p.&. 235
0.05% [\ 0.0025% /\ 4 n-heptane p.a. <200 21
5 n-heptane HPLC <40 21
6 n-hexane p.a. <200 19
0.025% /\ 0.001% JAN .
Freshly opened bottlé.Almost empty 2.5 L bottle attached to a HPLC

(0}

unit. ¢ p.a.= for analysis.

5 10 min I5 1‘0 min @\ 3
FIGURE 2. Chromatogram illustrating the effect of variable amounts SPh
of added water (v/v) on peak separationra€-1 and2.12

a) heptane/PrOH b) +0.3% H,O  c) hexane/PrOH d) + 0.15% H,O

TABLE 1. Effect of Trace Water on Peak Separation ofrac-1 and
212a

entry added EOPppm « (S1/2) R o (RIS1)° Re

1 2500 1.31 2.85 1.33 3.36

2 1000 1.23 2.27 1.36 3.82

3 500 117 181 139 424 ;.0 2’0 1‘0 2‘0 5 10 l5 8 :'nin

4 250 1.13 1.45 1.40 4.25

g 1?8 182 825 ij; gsg FIGURE 3. lllustrating the effects of added water on peak broadening
- > 104 - 142 352 in the analysis of8 (70% ee) on Chiralpak-AR®

8 10 - - 1.42 3.78 _ i

9 — (“dry"d - - 1.43 4.02 1, 4-6). Freshly mixedn-heptane/isopropyl alcohol (90:10)

eluent only contained 23 ppm of water, which explains why
addition of a similar small quantity of water could already have
a noticeable effect.

In most laboratories, solvent bottles are attached to the HPLC
unit by means of a cap containing a small hole for pressure-

was analyzed, but, perplexingly, the peaksSef and 2 now exchange, without protection toward absorption of moisture from
overlapped (Figure 1b)! Attempts to reproduce the initial the air. An almost empty 2.5 L bottle of isopropyl alcohol that
separation ofl and2!® on the same stationary phase included we analyzed had accumulated a remarkable 1.8% (v/v) water

testing of several commercial “columns” available in-house prior (en.try 2)! In practice, the'tratl:e water level of HPLC eluents is
to and after adequate washing procedures, using HPLC-qualityVaiable and increases with time. Going back to the example of
solvents from freshly opened bottles; however, the earlier Figure 1’_ a wate_r content Of_ 0'25%. in the_ |sopropyl_ alcohol
separation could no longer be realized. As it turned out, the (0.025% in the mixed eluent) is sufficient to induce satisfactory

decisive factor had been the replacement of a nearly emptypeak'sedp?drationl; for re“i‘?‘ﬁ Oaga!]ysefs, we .pregedr 50 use a
solvent bottle of isopropyl alcohol shortly after the initial Prémixed “dry” eluentto which 0.25% of water is added. Trace

measurements by a freshly opened one; this had the effect Ofv;/]ater pllaysfa major rc_)le ggealé;elp)aratiolr\&ﬁ and 2f’f but d
reducing the water content of the eluent. A series of measure-N€d-value for separation d-1 andR-1 was almost unaffecte

ments with “dry” eluent, spiked with defined quantities of water, (Table .l’ entries 39)' Nevertheless, water can also affect the
was undertaken (Figure 2 and Table 1). resolution of enantiomers. 3-Phenylthiocyclohexan®@)ethe

. duct of a cinchonine catalyzed addition of thiophenol to
Moist solvent (0.025-0.25% HO, or 250-2500 ppm (viv)) P ‘ _
led to satisfactory peak resolution. Trace quantities of water 2-cyc|ohex§non&, was analyzed on Chiralpak A with
n-heptane/isopropyl alcohol (90:10) as the eluent; overlap-

(0.0025%= 25 ppm) induced a peak splitting, and a mere 10 S )
ppm of added water gave a noticeable deformation of the combiP'"9 peaks precl_uded an accurate determlnatlt_)n of enantio-
peak (Figure 2). The reproducibility of peak forms and retention meric excess (Figure 3a). The pgak broadenlng_\{vas inde-
times after wet/dry changes was excellent if stabilization of the pendent of flow rate (0.5 or 1 mLmi), but after addition of .
0.3% of water (v/v) to the eluent, the peaks were baseline

UV-absorption baselineA(= 230, 254, and 280 nm) was ) : : .
achieved before subsequent measurements (typicaltyl0tb sepa_r_ated (Figure 3p).' The success is m‘?"”'y due to a reduction
of tailing. The surprising effect of changing fromheptané’

of equilibration). i
Water is readily absorbed by organic solvents from humid to n-he;:ane ?S hydrocarftf)on compr:)nelnt may be no.ted. ?dded

air, so it was necessary to determine the trace water level of\ggtfrls as almost no effect on the latter separation (Figure

dry HPLC-grade solvents by coulometric Karl Fischer titration :©):

(Table 2) Freshly opened solvent bottles of several suppliers A — o KFcou o DL

contained less than the maximal specified value of water (entries g 15; H?eanifsst‘?; WHereWC;‘nr E:rgf’;ju_oz n?_ Cfler‘;r_ So cfgg lngae;f oo

(16) Saito, M.; Nakajima, M.; Hashimoto, £hem. Commun2000

(13) Test-mixture:rac-1 (10.8 mg) an@ (6.9 mg) int-BuOMe (50 mL); 1851. These authors useehexane as the hydrocarbon component.
injection volume= 20 uL. (17) We tend to use-heptane in place of neurotoxiehexane as eluent.

2 For conditions, see ref 12 ppm for (v/v).c Reference 10 gives =
1.41,R = 3.08 for hexanéPrOH= 90:10 (v/v), 0.5 mLmin?, 25°C. 423

ppm.

After a time break of 3 months, another batch of samples
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FIGURE 4. lllustrating the effects of added water in the analysis of R=163
4 (76% ee) on Chiralcel-O3.
A similar behavior was noted in the separation of benzodi-  b) +0.3% H0 gf}‘g

hydrofuranyl-acetonitrile4 on Chiralcel-OJ (Figure 4) where
the incremental addition of water to the eluemheptane/
isopropyl alcohol (90:10) gradually led to a better resolution
by both decreasing broadening and increasing the separation c) ,dry*
factor (Figure 47° However, the peak retention times decreased
strongly upon addition of water, whereas they had slightly

increased in the separation 8&f 0 10 20 30 40 min

. Th_e aspept of reducing total e_lnalysis t_im(_a by added W_ater is FIGURE 5. Effect of water additive on peak retention in the analysis
highlighted in the HPLC analysis of naringib)( a flavonoid of naringir?* on Chiralcel-OD?

which occurs in grapefruit peel and epimerizes during the

ripening of the frui2223 Caccamese and co-workers have /@
recently shown that this highly polar glycoside is conveniently Ph R Ph 6
separated into diastereomers (with respect to C-2) on a common 0’ 'NEt,
cellulose-carbamate stationary phase (Chiralcel-OD), in an
n-hexane/EtOH (60:40) eluent where ethanol was doped with 4" (30 ppm) 120 ppm 232 ppm 396 ppm
0.1% of CRCO,H.2® We find that satisfactory analyses and f\ {\
shortened retention times are also achieved by addition of water ]\(L
to the mobile phase (Figure 5).
Finally, we have alst’ found an example where added water 14 min 8 14 min 8 14 min 8 14 min
not only led to complete peak separation but also changed the
order of elution of enantiomers (Figure 6). In the case of a dry 720 ppm 1010 ppm 1335 ppm 2538 ppm
n-heptane/isopropyl alcohol (90:10) eluent, the enantiomers of f\ N\ ’\ f\
phospholané are incompletely separated. With increasing water
levels, the peaks start to overlap, give a single peak, and then
separate again (Figure 6). 8 14 min 8 14 min 8 12 min 8 14 min

The above examples illustrate that adventitious or added water
in eluents for normal-phase chiral HPLC separations on
polysaccharide coated silica has important practical conse-
quences. These effects are appar(_ently little recogn[zed even byreducing tailing or by differentially affecting retention times of
regular users. In the course of studies on the resolution of amino 2 i

. - omponents in mixtures. In the examples of Figure$ 1the
alcohols on polysaccharide stationary phases, Persson analyze%

. Separation factoow of enantiomers is little affected, which
the effects of water in the 261400 ppm range and found that excludes a structural modification of the chiral phase by wAter.

increasing water levels decreased peak resolution by selectively he ob q off babl ‘ )
affecting the retention of one enantion¥eér.Our examples . T e observed effects are probably a consequence of competi-
tive binding of analyte and water to the $i€upport. The effects

highlight a different aspect: trace- or added water can increase" | hiral . h i
peak resolution of commonly functionalized substrates by dlscusseq relate to chiral stationary phases (CS,P) coated.on stiica
gel, and it remains to be seen whether immobilized CSRil

FIGURE 6. Effect of eluent water content on peak separatior6 of
(15% ee): inversion of enantiomer elution ordér.

(18) The water effects presented here are not specifio-beptane be aﬁeCted'_
mixtures. Figure 1 was also reproduced withexaneéPrOH as eluent with In conclusion, we have shown that added trace water (down
trace water additions; for another example with hexane, see ref 20. to levels of 25 ppm) in eluents for normal phase HPLC can
(19) Conditions: Chiralpak-AD (4.& 250 mm, alkan&PrOH= 90/10
(v/iv), 0.5 mLmirr! for a/b; 1.0 mL min?® for c/d; 20°C, 1 = 254 nm).
(20) Resolution enhancement in the analysid wias also observed with (24) For this naringin sample: §2R) = 71:29. The diastereomer ratio
an eluent based on hexane instead of heptane (conditions as in Figure 4)in commercial samples is variable; see ref 23a.
“dry”, a = 1.07,R= 1.27; with 0.15% of waterg. = 1.11,R = 2.18. (25) Conditions: Chiralcel-OD (4.& 250 mm,n-heptane/EtOH= 60:
(21) Conditions: Chiralcel-OJ (4.8 250 mm,n-heptanéPrOH= 90/ 40 (v/v), 1 mLminm?, 20°C, A = 280 nm).
10 (v/v), 0.7 mL mint, 20°C, A = 280 nm). (26) Structural modification of chiral stationary phases by alcohol
(22) Gaffield, W.; Lundin, R., E.; Gentili, B.; Horowitz, R., MBioorg. additives: Wang, T.; Wenslow, R. M. Chromatogr. A2003 1015 99.
Chem.1975 4, 259. (27) Conditions: Chiralcel-OJ (4.6 x 250 mm,n-heptanéPrOH = 90/
(23) (a) Caccamese, S.; Manna, L.; Scivoli,Ghirality 2003 15, 661. 10 (viv), 0.7 mLminm?, 20 °C, A = 254 nm).
(b) Caccamese, S.; Bianca, S.; SantoJDAgric. Food Chem2007, 55, (28) Zhang, T.; Nguyen, D.; Franco, P.; Murakami, T.; Ohnishi, A.;
3816. Kurosawa, HAnal. Chim. Acta2006 557, 221.
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affect peak resolution and retention to a remarkable degree.detection. Solvent mixtures (v/v) were prepared by volumetric
Failure to account for this phenomenon may be the cause behindnixing: water was added either by weighing out on a balance-(0.5
perplexing cases of irreproducible analytics. The deliberate 0-05% concentration range) or as a stock solution (0.1 (d/v)

addition of water (0.050.3% (v/v)) to eluents is a simple option in eluent) for lower _concer_itrations. For best reproducibility, the
in HPLC method development, especially in cases where peak latter eluents are mixed directly before use, using dry solvents.
! SEluents containing 0:20.3% of water can be stored for several

are insufficiently separated because of tailing. Since we have yeeks in closed vessels and are attached to the HPLC system only
become aware of this effect, the probability of finding resolution  during measurements.

conditions on our available CSPs has considerably increased.

The shorter analysis times lead to higher productivity and  Acknowledgment. This paper is dedicated to Prof. Dr. Dieter
savings of solventsall at the expense of a few drops of water. Seebach on the occasion of his 70th birthday. Support by
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Experimental Section
HPLC analyses were performed at 20 on analytical columns

(4.6 x 250 mm) using premixed solvents and isocratic pumping
for best reproducibility. A multidiode array detector was used for JO7019256

J. Org. ChemVol. 72, No. 25, 2007 9793



