
Journal of Chronmto~rapl~y. 95 ( 1974) 27-X 
8 Elsevier Scientific Publishing Company. Anlsrerdam - Printed in The Nethrrlancls 

CHROh!_ 7494 

INFLUENCE OF THE WATER CONTENT OF THE SOLVENT ON CHRO- 

MATOGRAPHIC SEPARATIONS 

SUXIMXRY 

The iniluencc of the anwunt of water dissofvcd in dicf~forometf~a~~e on chro- 
rntttogrtphic stpartttions \v:ts studied. By increasin, ‘x the water content of dichloro- 
methane from 60 to llC0 ppm the k’ values decrease by over several hundred units. 
Pexk asymmetry xfso decreases with incrmsing wtt’r content. By a contin&s in- 
crcasc in the water content of a single sofvcnt. an unusual ‘-gradient efution” is 
achieved_ 

The conscquenccs of the rncthod dcscribcd arc of basic interest in convrntionaf 
gradirnt elation in order to avoid practical problems in routine analysis. 

IXTRODUCTION 

In liquid-solid cfiromltagr:lphl_ the water content of cfuents af low or 
nwdcratc polarity determines the capllcity ratios (A-‘) of the samples to be separated. 
It has already been pointed out’-3 that a relationship mists brturen the water content 
in the eluent and the equilibrium amount of water on the active solid support. 
Rccentfy. it 1x1s been sho\vn4 that by this method. for esampfe, alumina cofmnns can 
be adjusted to defined activity fw~fs simply by changin g the wtcr content of ths 
elurnt- By increasing the mnount of \vzter (or mother polar compound_ r-g__ ethylene 
&co1 or other alcohols) in the tluent, the amount of\vater (alcohol) on the adsorbent 
increases until ~11 of the pores are tilled with \v:ttcr (or with the ttfcohol). The chro- 
rnatoSrapbic system changes continuously from a11 adsorption s_vstem to a more or 
fess “pure” partition system’_ Durin, cr this period_ the k’ values first drcrcase \vith 
increase in the amount of polar liquid on the adsorbent then_ after passing through a 
minimum, they can increase agairP_ This property can bs used t-w an hz sirrr coatin_r 
procedure ofpre-packed silica columns in order to achieve liquid-liquid systems’_ It 
should he mentioned, f~owevrr. that during this procedure thr r&rive retentions arr’ 
also changed. 

This desirable but sometimes wespected partition of a polar impurity such as 
water between the active solid stationary phase and an eluent that is hardly miscible 
with water may cause problems in different progr:imming tccfmiques, such as tem- 
perature programming or gradient clution. In the latter case. for rsnrnple, the water 
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mination by Karl Fischer titration varied with the water content of the dichforo- 
methane_ The error was found to be & 1.4 ‘;;: at a \Glter content of 60 ppm and 50.5 ‘,‘,{, 
at 3 water content of 2000 ppm using IO-ml afiquots each time. 

The cofumn (length 52 cm 1-D . 2.1 mm) was drv-packed with Merckogel Sf 
100 (E_ Met-& Darmstadt. G-F-R.) wet sieved to 27-32~ctn. The column contsincd 
0.9 s of the silica. As the totai porosity. Pi. can change between 0.42 and 0.W. depend- 
ing on the \v:lter content of the mobile ph:wt’_ the volun~es of the t‘fuent used to 

equifibrrltc columns are given in terms of empty (unpacked) column volumes. V, 

(-- IS0 ml). and not in terms of the more common efution vafw-nr_ V,,. of a IIOII- 

retained component_ 

RESULTS ANI> DISCUSSION 

In order to compare the sysrcms from dry dichloromrthane (\viih a axter 
content of20 ppni) tcl Watt‘r-saturatt’d dichloromrthanr (with a \vritm- content of2100 

ppm). it \vas necessary to select samples that are not inert in the \vet system and are 
cluted in the dry system \vith a tinitc retention volume. .4 further requirement. 
especially in the dry system. UYIS rhar the sample size required in order 10 obtain a 
detectable peak should not esceed the linear region of rhe adsorption isotherm. 
Three steroid compounds (cholcst-4-en-j-one. progesterone and testosterone) gave 
satistkxory results- The mxximum sample size for the most highly retained com- 
pound (tcstosteronc) nt‘vt’r csctxdcd Z - 10d5 g per gram of stationar_v phase. Doubling 
the stm~pfe size did not ch:mge the refen~ion time si~nifictmtly. Therefore. \ve assumed 
that \vc‘ were still in the linear region of the isotherm_ whereas the occurrence of ii 
strongly tailing peak m:iv Gve reason to suggest the contrarv. Because of the long - = 
rcrcnrion times (up to S h) in the dry system. cart was taken to stabifizc the system 
againsr cfiang~s in fa\v-r:ttc_ tenipcrr~timz, etc. 

It can be tir’cn from Table 1 that with incre:ising \vatr‘r content of the eiuent_ 

the A-’ \af~ws of the samples decrease significantly. The possible change in the k’ 
values br_t~~erIi the equilibrated dr?; system (70 pprn of\vater) and the \vt’t s>-stem (2100 
ppm of \vata-) is over IOO-fold for cl~mpounds that still have ;: finife retention in the 
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wet system_ Similar values have been reported for other systemsJ-*3-‘“. A common 
result for 311 of these systems is that for water levels greater than 500 ppm_ a given 
increase in the water content produces a minor change in capacity ratio for com- 
pounds with k’ values of less than 60. Howcvcr. if samples with higher k’ values are 
used or the water content is less than 500 ppm_ the k’ values increase considerably 

even for smalI changes in water content. For example. if the water level is decreased 
from 300 to 200 ppm. the k’ value of cholest-~-en-j-one chanses f&i IZ to 30. while 
for testosterone it increases from 160 to 220. At a linear veIocity of I cnljsec. the reten- 
tion time increases by only I5 min for ch~~lest~-en-j-onr but by over 1 11 for testoster- 
one. 

it should be noted that the reltltive rctcntions also vary. For the pair 
testosterone-progrster~~Iie_ the relative retention increases from 2.2 at d water content 
of20 ppm to 4.2 at 3 \vater conicnt of 1100 ppm, whcrcas the rclntivs rctcntion of the 
pro~rsrerons-cholesrenons pair has a masimum vt~lue of 3-S at :I \vzltcr content of 
1SO ppm and minimum v;:he of 1-0 at 20 ppm and 1400 ppm of water in dichloro- 
mcrhane_ 

The t1symmetry of the peaks decreases 3s the wtcr content of the elwnt 
increases. A convenient measul-r’ of peak asymmetry (.-Is’) is the quotient of the square 
of the portion of the basclinr of the peak on its tailin g side divided by the square of 
the portion on the leading side. The asvmmctrv of the testosterone peak decreases - 
from 50 at a water content of 60 ppni to 12 at :I uxter content of 30 ppm and to 1 1 
at tl water content of620 ppm_ In the cllrom3to~ram obtained \vith dichlorc~mcthanc 
containing 1630 ppm of xvattx. the peak is symmetrical (_-LG -.:’ I _5)_ This is demon- 

strated \vith the tuu chromatogrtlms sflo~\n in 132. 1 and Fig. 2. 
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With “dry‘- solvents_ some very polar srtmpfc constitut’nts may hc irrcvcrsibfy 
adsorted. These polar impurities react like water and t-educe the X-’ vahtcs of later 
_ _ 
tn;ected less poktr samples. The history of the column and the mtturc of samples 
prcviousfy toaded on to the column can considtxtbly attict the reproducibility with 
these dry systems. In thcsc inst:mccs. it may bc necessary to \vash periodically strongly 
twained components from the column with ;t vet-y polar efucnt. e.g.. methanoI_ Evw 

here reproducible chromatograms ctln then be achieved_ 
it was fotmd that washin grt column with about 10 column volumes of-mcthttnol 

(35-40 ml) is sufiiciatt to remove even vet-y polar s:tmpfes such as drtnsyfatcd ;ttiCno 
acids l-t-om the column. Ho\vcver_ a much larer amount ofdi~hloror~~ethr~~~ is txcdcd 
afttrwtrds in order to ttchisvc the initial equifibrirmi conditions (iv.. removal of the 
mcth:tlof and introduction of the cquifibrium vata--content tu obtain the standard 
k’ vrtfues). 

The results in Table 111 show the \olumc o1‘ dicl~l~trc~m~tl~~tn~ rafuircd to 
achisvc equifibrittnl conditions after \v;tshin, 0 \vith methanol. In the first column of 
Table III the xvxter contr‘nt of- the methttnal is given_ Afta- tfw wtzhing proccdurc_ 
dichlorom~thattr \vitft dilkrtxt \v;lter contents (pofaritics) \v:ts introduced_ as shoddy 
in the second colunm of Table Ill. and in the third column the amount of elwnt 

required to achievr tzquilibrium inside the column is given (ix., the ccwxntrntions 01‘ 

xvawt- in the dichioromrthane at the inlet and outlet of the col~tn~tt n.wt be identical). 

The wttr‘r content \v:ts follo~vcd by Karl Fischer titration attd,lor uith ;I ditkrential 
rcf-t-xromercr (y- IO-’ rr‘fractivs index units full scale). It should be tujted that ;ts the 

\v;tttt- conttlnt of the txth:tnol (uxhing agtmt) increased from I70 I0 500 pptii. rhc 

vofttmc of dicI~loromerl~anr (xvith 60 ppm of \vuter) required to achieve equilibrittttl 

conditions decreased from 207 to 100 ml. Also. as the water content oi‘ the dichloro- 
methane (eluenr) itxxxtstxi from 60 to 180 pptn. rhc volunrc required for ccfuilibration 

increased only slightly. from 100 to 120 ml, if‘the msthanol used tbr \\.;tshingcontaittcd 
330 ppm of w;ttt’t-_ It is conceivable that the \vatcrr content of the methanol cm bc 

adjusted so that the volunx nrcess:try fiw equilibmtion \vith dichlorom~thanc of a 

given water content is much less that1 the values given here. As SOOII as the Lvater con- 
tent at the column outlet reached the equilibrium concentration_ the k’ vafucs of the 
standards were identical \\-ith those before the methanol wash. 



INFLUENCE OF THE WATER CONTENT OF THE SOLVENT j 3 

Table IV sumnmrizes the volumes of new solvent required to obtain 
__ _ 

equ~frbrlum conditions. if the water content in the cof~~nm has to be changed from 
;t Iow to a high level. It cm be stxn that in all instances the volume required is 60 f’;. 
(10s ml) or fess if the wxter content of- the dichfor~~metf~~unc changes bet\veen 90 and 
1630 ppm_ The \ctter content in tfw column etlluent and the k’ val~ws of the s:~mpfes 
remained constant during the wttsh between 60 r,. and X00 f*l._ indicating that the 
system \Y;LS in equilibrium and stable I-or a long period of time (more tfirtn 2 days at 
;I velocity of I .6 ml/min)_ The total porosity. CL nieasut-e of the pore volimte occupied 
by a stationary liquid phase immiscible \vith the eluent’- Ih decreased from 0% to 
0-S I _ From this v;~fuc and from esperin~entaff~ determined dilErences in tfic \vatcr 

content of the dichloromctharrc cntcrin, c V -tnd eluting from the column. it can be ml- 
culated that at a \v;tter icvcf of 1630 ppm alCut 0.06 g of \vnter is coated per gram of 
silica. Similar measurements \vith dichloro~llethrtne at a \v;ttcr content of 60 ppm gave 
a water coating of 0.006 g per gram of silica. 

Using \vatcr-saturattd dichloromcthanc (7100 ppm). it took more than the 
above mentioned 60 11. ~olu~ncs to obtain a stable system, because more and more 
mxter K:LS adsorbed by the silica until a heavilv uxter-loaded column LKIS ~enerxtcd_ 
Fig. 3 show the dilt~rsnccs kct\vccn the \vater cktcnt ofthcdichlorom~tl~a~?rcnterin~ 
the cof~~n~n (strai$it broken line at 1100 ppm) and cfuting from it. Atier a delay of I2 
I’:. ( -= 2 I -6 lilf of ellIetlt _ at a velocity of f-6 mfz~min corresponding to 13.5 min! the 
uxter content of the ctfuent increased first rapidly and tinally :ipproached 
as_vniptoticiffy the xxlue of‘ the water content of the efucnt cntcrin~ the cofun~ii. After 
more than 9 I of \v;tter-saturated cfucnt had been pumped thro@ the cof~n~n_ the 
\vater content of the columned cfllutm ~~1s identical \vith that of the eluent entering the 
colunm. During this period. the total porosity of the cofun~n dccrcascd from 0-W to 
0.47_ \\hich sfm~vs that the pore vofumc OF the silica was tilled with \\-ater tlhnost conl- 
plctcly. About 10 I OF rfut‘nt had to be pumped through the column at a velocity of 
I.6 mf~min in order to obtain a tinaf wtlter coating of about 023 E per gram of sifica 

(ctilculated from the chmge in F.~)_ During this coating procedure_ the k’valuc oftestos- 
terone. for rsample_ chmgrd significantly. From an initial va!ur of 240 in the equil- 
ibrated “dry” system (60 ppni of water in dichloromethane) it decreased to 1.2 after 
about 250 ml of eluent ( I40 l,‘,) had been pumped througfl the colunu~ Tfle k’ urilue 
remained at this level for more than 40 h (I400 C’, =. 2520 nil at ;: velocity of 1.6 nlli 
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The dependence ofX_’ CLIWS on the amount of liquid loading is similar to that 
measured in the system n-h~ptane-os~dipropionitril~-silica”. In the initial dc‘activ:ttian 
step_ the total porosity_ Pa_ deercasr?; sIa~~I_\- (from 0.M to 0-S I ) as the surface <>1‘ the 
silica is covcrcd resuhing in a Inrgc dccrcas~ in /i’ values. The liquid ccxitins is :lbottt 

O-1 g per grttm of silica. In the follo~~~ity slo~tr step. capilk\- condo-nsation warI> 
fills the pores with starionrtry liquid (\\atcr)_ the ch:tnp~ in the :tdsorptivc properties 
is small and_ \\ith the sample used. the doxeasc in k’ is small. 1Vith ~ahcr systems;. it 
has heen observed” that k’ can increase tit higher liquid loadings for compounds rh:tt 
have it signiticant soIubiIity in the stationar_\l liquid phase. 

The revcrsihilit_v of the system is contirmed by the results shown in Fig. 1. 
Through a column packtd \vith silica and heavily coated with \\xc’r_ --dry-‘ dichioro- 
methrtnc (60 ppm of \vtiter) w;fs passed. The changes in the wttcr content of the cnl- 
umn etilttent and in the Ixrosity_ F~_ \vt’re determined_ It can be sr’r’n that the porosity 
increases linearly as the “dry‘- dichIoron?~than,e dissoI\-es the adsarhsd ~:uer t-t-cm the 
silica_ After a total volun~e of 250 I-;:. (450 ml)_ the infucnt and rtitwtit wtt‘r levels 
are indistinguishable at the precision of the Karl Fischer titration. The arca under the 
\vater clution curve corresponds to the amount of water adsorbed on the silica after 
prolonged equilibrtttion with \\-9ter-s;~tLzr;itTd dichioromethan~_ A \vater loading of‘ 
0-7s s per gram ofsilic:~ an be caIcuIated_ lvhich compares \vith the amount ofwntcr 
adsorbed_ 3s calculated from the change in porosity_ of OS3 g per gram of silica. 

The rate at \vhich the water tills the pores of the silica using water-s;tturatr‘d 
dichloromethrtns is slower with the silica used in this \vork (Merckogel SI 200) than 
Cth the silica used in previous experimentsi_ This dcmonstratcs the intluence of the 
pore structure and the size of the surf-ace arr’a on the water adsorption mechanism_ 
On the other hand_ the time required to trrmsport the \vater. which is soluble in the di- 
chloromethane to only ;L very limited extent. into the column is not ne&ible. The 
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fig. 5_ Break-through cures of water measured with ;I dilTerentia1 refrxtomerer (S- lob5 RI units 
full scale)_ Lowcr cute: tmce obtained by disconrinuously svhching from “dry‘- dichloromcthnne 
(60 ppm of xner) to -‘\\t‘t-- dichloromethane (2100 ppm of water). Upper curve: trace obtained 
running z.t linear gradient (generAted before the pump) of46 ml of “dry” dichloromethane (60 ppm 
of water) rind 16 ml of “\vet*- dichloromethane (1100 ppm of lvater). The broken line is rhc nc:tual 
progress of the linear gradient as seen at the out!ct of the gradient-generating device. Column and 
ff o\\:rate as in fig. : _ 

the gradient system compared \vith the discontinuous system. Further. the rise in the 

water level in rhe gradient system is spread over :I much g-eater volume than in the 
discontinuous system_ This spread in the curve of 100 mf clearly sho\vs that the gra- 
diem generated in the device (92 ml) produces a gradient in the amount of water clutcd 

from the coIumn_ thus indicating that a continuous denctivation of the silica occurs 

within the coIumn_ 
Fig. 6 shows the chromatogram of the same mixture used in Figs. f and 2 but 

now separated in a gradient system_ The elution is finished afmost at the s:mle time 
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fis 6_ “Gradient eIut[on” of the mixture of figs_ I and Z_ Linear --gradient” generated from 46 ml 
of --de” dichioromethane (60 ppm of wtter) and 16 ml of -‘wet” dichloromethane (2100 ppm of 
water). Upper curve: refractometer tmce. 
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as in Fig_ 2, where a partially “\vet*‘ system (620 ppm) \vas used. However_ the asym- 
metry of the peaks is less than under isocratic conditions. It should be mentioned that 
the small peak on the tailing edge of the cholestenone peak may be caused by a dis- 
placement of the uneluted sample because it appears exactly at the break-through 

point of the water. This band-splittin, = effect associated with solvent demising has 
been described already in classical chromatography ” This is an mifortimate complica- _ 
tion. because in this peak many compounds can be contained_ which are pushed down 
the column by the advancing deactivation front on the silica_ These problems are 
identical with those that arise in displacement chrom~~tograpl~y’~-‘s. 

CONCLUSlON 

At1 LtnLtSLtal “gradienr system‘- has been described in which the elucnt is an 
apolar organic liquid. and its water content changes as a function of time (retention 
volume). Unexpectedly, it is possible with this system to elute compounds \vith ividely 
dilf&%q k’ values (up to I lk’ - 500). Ho\vcver_ the k’ range of the samples is much 
less than uith the conventional ~rndient-clution method. An advantage of this water 
gradient elutton is that no column regeneration step is necessary. 01ily excess of’ \vater 

has to be s\vept out of the column. Holyever_ owing to the large infuence of small 
diff-erences in the water content of the elucnt. great cart has to be &cn in adjusting 
exactly and reproducibly this wxter content. Another disadvanrape of the system is 

the probable occurrence of band-splitting due to displacement etli-cts arising from the 
water zone moving don-n the column. 

Thercforc. this unusual “it-tldient-elLttion” lvill have only limited practical 
value. However. the problems discussed here are of interest for all kinds ofgradient- 
ciution chronlato~rr~phy in \vhich a polar solid stationary phase is used and rhc 

polarity of the cluent increases gradually_ During this process_ more or less heavily 
loaded columns are produced_ the amount of liquid loading decreased or increased_ 
and the composition of the liquid loadin= ” varied. Additionally. the linear velocit? 
changes simultaneoi~sly \vith the changes in total porosity if the flo\v-rate is kept con- 
stant. All of these ctti-cts have to bc kept in mind if conventional ~radicnt-elutioli 
chromatography is performed. 
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