
SUMMARY 

Water is often added to the eluent in high-performance adsorption ckromato- 
grapky to improve isotkem linearity and tkerefore increase tke amount of sample 
wkick can be separated without affecting retention or plate height. Water is especially 
inconvenient as a deactivating agent in saturated hydrocarbon solvents because of its 
low solubility. First, it is difFicult to prepare eluents with reproducible water content. 
Secondly, humidified solvents must be freshly prepared because the waler content 
changes_rapidiy due to equilibration with the walls of the container. Thirdly, large 
volumes of efuent must be passed through the column to establish equilibrium. In 
order to circumvent these problems, the use of acetonitrile and methylme ckloride as 

substitutes for water has been studied. The maximum sample capacity, 8_1, defined as 
the largest sample size (g sample/g adsorbent) which ci?s be separated while maim- 
taking k’ to within 90 % of that for a very small sample, is compared at several con- 
centrations of each deactivating agent. Similarly, the maximum sample capacity is 
compared in terms of piate keigkt. It is shown that acetonitrile is equal to or better 
than water with respect to sample capacity, plate height_ commxience, and equilibra- 
tion time. Sample selectivity with acetor&iIe is not identical to sample selectivity 
with water as deactivating agent. Metkylene chloride is significantly less efGective with 
respect to sample capacity. 

For many years non-iinear isotherms were believed to be an unavoidable. as- 
pect of adsorption ckromatograpky. Aktkougk water had been used s&e the 1940s 
as a deactiv&ing agent to control retention’, it was not until the 196Us fkaf Snydetig3 
demonstrated that adsorption isotherms, at Iow sampte concentrations, are finear, and 
tkaf water deactC<ation greatly extends tke range o!&xarity_ In dassicaI @ow-pressure) 
ctiomatograpky the use of water as a deactivating agent added tq tie adsorbent is 
conveqient since tke coed is used only once. In kigk-performance liquid chroma- 
tog%apky @PLC}, however, the COEUIIII is re-used many.times, and the solvent must 
contain an equilibrium concentration of deactivating agent (modiier) in order to 
maintain a cansta~~t Ievet of ads&bent dea&ivation4. 

A number of problems beccrme immediately apparent when water-deactivated 



solvents are used, particdady when the solvent is of Eow polarity. First, water is 
immiscible wi’& non-polar solvents and the rate at tihich non-polar solvents, eseally 
saturated hydrocarbons, reach water saturation is extremely sloti. N_ozmally9 water- 
saturated eluent is prepared by passing it through a column of silica gel- which is 
saturated with watefi. This procedure is~time comnming, especidiy if large volumes 
of soivezts are needed. Even reagent quality solvents contain signScant but variable 
cpntities of water, so it is necess&y to dry quantities of eluent for blem%.ng with 
water-saturated eluent in order to achieve a reproducible water content. Dry solvent 
can be prepared by passing the solve& through a column of dry silica or moEecu& 
sieves, but again the procedure is time ccnsuming. Because it is diEcult to measure 
low levels of water in saturated hydrocarbons, it is often not clear that the drying 
process has been successful. Wet solvents must be stored in containers which have no 
a5ity for water or the water coDtent w-21 change signi&zantly in a matter of hours. 
Glass co&&ers are particularly unsuitable since dry glass can adsorb si_@%znt 
quantities of water, decreasing the final degree of water satruztion by 50% OF more7. 
Similarly wet glass containers can si&fiatly increase the solvent water content. 
Because the concentration of water in water-modiEed saturated hydrocarbons is so 
low (usually < 100 ppm’), great quantities of solvent must be passed through the col- 
umn before equilibrium (constant retention time) is achieved. This conditioning pro- 
cess can take several hourss.g. 

The use of organic modifiers has been advocated by many chromatographers 
as a means cf circumventing these problems s*g--ll. However, when alcohols are used, 
selectivity changeslO, efficiencies decrease5. and some rather unusual peak shapes 
occur at certain notier concentrationsg. In addition, colunm equilibration is not 
fasts. 

No systematic evaluation; of the use of organic modXers in HPLC has yet 
appeared, and little tiormation is available on the use of organic modifiers with 
saturated hydrocarbons. For &is reason we investigated the use of organic modifiers 
on silica with hexane as the solvent. 

THEORY 

The adsorption process has been described by the Lwpuir equatio&: 

where 0, is the fraction of the adsorption sites covered by adsorbed sa&le molecules, 
“; NI is the mole fraction of x in solution; and KX is the thermodynamic equilibrium 
ion&ant for the adsorption-desorption process. At low N,, f3, = iv, K, ad therefore 
the fraction of sites covered is proportionat to the concentration in solution. This is 
the linearisothern;. region of chromatographic interest. The chromatogm&ic distriiu- 
tion caefEcie=t Ki is given by 

In the linear isotherm region Ki = K,, but at bigher &m&&rations, Ki becomes 



smdier than K, corresponding to a shift to Lower retention volume upon sample 
overloading. 

This simple,approach does not take into &~ount adsorbent deactivation. The 
primary difference between solvent and modifier is that sample mofectrles can compete 
with solvetit molecules for adsorption sites, but cannot compete with modi6er. What 
distingrtishes a notier from a_solvent is its much greater attraction to the surface. 
If we deGne 0, as the fraction of sites covered by modifier at eqtilibrium with 
modifier in soWion, remembering that 0, will be unz&cted by N,, then 

@, = 1 =% JG 
t NT $, 

(3) 

where NY is the mole fraction of modifier in the eluent and KY is its thermodynamic 
equilibrium constant. 

The adsorption of sample will be affected by I+&. The fraction of sites available 
for sample adsorption is now L - 0, - t9,, and at equilibrium the rates of desorption 
and adsorption are equal so that 

kdOx = N,k,(l -6Y-Ox) (3 

where kd and k, are the rate constants for desorption and adsorption, respectively. 
Combining eqns. 3 and 4, and remembering that K, = k_Jkd gives 

It has been long recognized that the adsorbent surface is i&omogeeneous2. 
There exists a distribution of adsorption sites each of which attracts molecules with 
different strengths. If we assume that aU sites can be classified as either strong or 
weak, we can repeat the derivation to obtain an equation which more adequately de- 
scribes the real case. Taking the approach of Snyderif and extending it (as above) to 
inclirde deactivation, we define & azzd K’, as the thermodynamic equilibrium con- 
stants for sample on strong and weak sites, respectively. Similarly, KI, and K&, are 
de&zed for the modifier on the two sites. According to eqn. 5, the fraction of strong 
sites covered by sample, O,, is given by 

eLE = (1 i_ N,z);:+ iV,fY;,) 
(6) 

Simifarfy, the fraction of weak sites covered by sample, S,, is give= by 

e2 = (I + N, K:)$- NY &J (7) 

The total fraction of sites covered by sample is then 

O,=N,O,f_I$8, (8) 

where NI and rV> are the factions of strong and weak sites, respectively. The distribu- 
tion coefficient then becomes 
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Eqn. 9 describes how retention varies with sample concentration and modifier con- 
centration. At high sample concentr2tiorr~~K~ is 2 frurction of sample size, but at low 
& equ. 9reduces tom 

where K,” is defined zs the linezr isotha w&e of the distribution coeilkien’, 
The assumption leading to eqns. 9 2nd 10 is that the sample doe&not compete 

with deactiv2ting agent for adsorption sites. This requires Kti >> Kti and &. > K& 
Eqn. 10 is composed of two terms. The Grst term gives the contribution to 

retention resulting from strong sites 2nd the second term relates to weak sites. There- 
fore, Kti > Kt, and K,,. > I&,. As -NY increases, the ma.&tude of the first term 
diminishes more rapidly than that of the second. Thus, 2s moclZier concentration is 
increased, the. importance of strong sites diminishes more rapidly than that of weak 
sites. 

Eqns. 9 and 10 describe the behavior of 2 hypothetic21 adsorbent with only 
two distinct zdsorption site types. Actual-adsorbents are believed to exhibit several 
adsorption site types 2nd each of these may be energetically heterogeneous. WhiIe 
this model may be oversimpfified, it should at least give some qualitative insight into 
the nature of inhomogeneous adsorbeats. 

Fig. 1 shows the variation of the linear isotherm distribution coe&ient, K,“, 
with NY, calculated from eqn. 10. The fraction21 coverage of strong 2nd weak sites 
(#,2nd 6,,) is 21~0 shown in Fig. 1. The parameters used to calculate the curves shown 
in Fig. -1 were not entirely arbitrary. First, it h2s been reported that the relative con- 
centration of strong sites on wide-pore silica is generally -=c~~A’~. For this reason 
IV1 = 0.05 2nd Nz = 0.95 were used. The-values of Kti and I&, were chosen to give 
K,” of the order of magnitude observed in Experimental. It is not yet possible to pre- 
dict the values of K, 2nd IL, but the shape of the curves shown in Fig. 1 would be 
identical for all values providing the ratio K,,l&, is const2nt. The only difference 
would be a displacement along the NY axis. In any case, Fig. i is representative- of the 
type of curve shape expected in red systems. 

In Fig. 1, at low NP, no significant frastion of either strong or weak sites is 
covered by modifier, 2Qd K,” (and therefore reteation volume) remains fairly constant. 
At higher NY the strong sites become incrzsingly covered by modi6er 2nd Kz 
diminishes. At the highest levels of IV,, Kz hrops off less mpidly as the influence of 
strong sites gives way to weak sites. fn Fig. 2, at NY a 10e3, the strong sites 2re about 
90 % covered, while 90 % of the weak sites remain rmcovered.- At this point the curve 
hegii to level off and deactivation is essenti2hy complete without si@c2nt loss of 
weak sites. The sha_pe of Fig. 1 indicates that in order to obtain reproducible retention 
h deactivated systems, it is important to maintain a sticient level of modifier to 
cover most of the strong sites. By working in tke lower (bigMy dezcfiv2te6) region 
of the curve, retention is not so strongly influenced by small changes in modifier COIL- 
centration. . . 

The sample linear cz~pacity for-an adsorbent in a chrom&ogr&Sc system, 8_1, 
is defined as the nmximnm weight of sample per gram -of adsorbent which Can be 
separated without reduciig retenti-on (&’ or IQby Gore than 10~0z*s2. If we set.eqn. 
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Fig. 1. Variation of the linear isotherm eqtitibrium constant, K;m, and thk fractioml surface coverage 
0f ti0ng bitt, e,,, ad Fveak sites, e -, with mod&x sxmxnt=tion, A>, according to eqns. 6,7, and 
10. K,, = 300; Krs = 1; KI, = W; Kt, = IO=; NI = 0.05; N: = 0.95. 

9 equ21 to 0.9 AT:, combine with eqn. IO, and solve for N,, we get the following 
quadratic expression for N;, the co~centr&ion of sample which results in K; = 0.9 K,” 

where 

The solution of this equation gives a single positive value of N; for a given value of 
NY. N; defks the beginning of the non-linear portion of the isotherm and therefore 
this value should be proportional to 6_, on a given column. Table I shows the variation 

IV9 K2 iY,‘cxmj- 

0 16.0 0.40 
O.oooo3 125 0.40 
#.aOO1 8.44 0.42 
OAMO3 4.67 O-47 
0.001 223 0.65 
0.003 1.22 
O-01 0_2 :*: 
0.03 0.29 412 
0.1 0.10 5.9 
0.3 0.04 6.8 



of IV; with zV, calculated from eqn. 1 I using the .&me parameters Kt, K’ etc_, used 
to calculate Fig. 1. As shown, the value of N;, -and thus sample capaci~, increases 
withAT& This increaseis a consequence ofthe distribution ofadsorption site strengths. 
At low concentration the strong sites (Srst term of eqn_ 11) dominate the retention 
but because they are present at low concentration, reh&vely fittle ample is required 
to overload them, As the strong sites become covered with mo&er, the weaker sites 
become aore important and because there are more weak sites, Ni (hnear capacity) 
increases. Thus, highly deactivated systems allow lager amounts of sample to be 
separated as we!1 as constant retention time. 

The requirements of a desirable deactivatin, n agent are: (1) Kzr > ~7~ and 
X2, >> K,; (2) useful concentration range, 20.01 vol.%; (3) common solvent 
properties. 

Requirement 1 is a re-iteration of the definition of a deactivating agent. Since 
the modifier is much more strongly adsorbed, only small concentrations will be re- 
quired to achieve adequate deactivation. If modifier concentrations >I % are re- 
quired to cover ‘&e strong adsorption sites, then requirement I is probably not frl- 
5lIed. 

Requirement 2 recognizes the relationship between modser concentration 
and the volume of eluent which must be passed through the column to achieve equi- 
librium. As K, becomes larger, the concentration of modiEer, NP, required to achieve 
a given degree of deactivation decreases proportionally. While requirement 1 indicates 
K, values should be large, requirement 2 indicates they should not be too large. 
Experience has shown that modiEer concentrations below 0.01 vol.% are slow to 
reach equilibrium 5*g Requirements 1 and 2 indicate that KY values should be of such . 
a magnitude as to allow adequate deactivation in the range O.OI-1 vol. %. 

Requirement 3 concerns some practical limitations of the modifier. First, the 
modifier should be low boiling in order to simplify the recovery of collected fractions. 
Secondly, it should not be DV absorbing or otherwise interfere with sample detection. 
Finally, the modif& should be chemically stable. These are all common solvent 
properties and therefore it is likely that successful modltiers will be found among the 
list of the more polar LC solvents. 

EXF’ERIMEMTAL 

Solvents were ACS reagent @de or better. Dry hexane and methylene chloride 
were prepared by passing them through a 120 x 2.6 cm I.D. glass cohmm filled with 
Davidson Code 62 silica which had been heated to 190” for 4 h. With this procedure 
up to four gallons of solvent could be dried. Water-saturated hexane was prepared 
by passing the solvent through a similar cohunn 5&d with Code 62 silica containing 
30 wt. % water. Water-mod&d hexane wss prepared by blending wet and dry hexane 
immediately before use. The chromatograph consisted of a Waters Assoc. M-6000 
pump, a Varian 5000 p.s.i. stopped Bow injector, and an fsco UA-5 UV-visible 
absorban= detector equipped with IO-am p-&h cells, and opented at 254, 280, or 
310 nm. Columns were 50 cm x 2.1 mm T.D. packed with LiChrosorh S&60 (IO 
pm), and were purchased from Varian (Palo A&o, Calif., U.Sl_k).. Samp&s were 
dissolved in dry hexane except when methylene chloride was used as a mod%er. ha 
the- latter case, samples were dissdved in the duent in order to eliminate a band- 



~preadkg effect in the injector caused by a dif&ence in density between the eiuent 
and the sample solvent. The sampfe injection volume varied from l-25$. It was 
determined that the volume of injection, up to 25 $, had ILO me+snrable effect on 
kEciency for a given sample weight. A Bow-rate of 3.0 ml/m&~ was used throughout 
this work. In order to ensure that equilibrium oftbe eluent and adsorbent had been 
attied, the retention time of m-diphenoxybenzene wzs measured at 20-56) coIumn 
volume f P) intervals u&l successive K differed by no more than I %. 

RESULTS AND DISCUSSION 

In order to compare the predicted intluence of modifier to a real system, the 
retention of m-diphenoxybenzene ~2s determined at several metier concentrations. 
Fig. 2 is a plot of the capacity factor, k’, versLLs modifier concentration. The eluenti 

Fig. 2. V-zriation of capacity factor k’ with modiiier concentration. SuopIe, m-diphenoxybenzene; 
column, 5Ocm x 3.1 mm LD., LiCWasarb SidO (IO,um); solvent, dry hexme; How-rate, 3.0 
mljmin. Mod&rs, acetoaitnle and methy!ene chloride, as irxdic&ed. Column temperature, 24”; 
p_5%sure, 200 atm. 

were dry hexme modised with acetonitrile and dry hexaze modSed with dry methylene 
chloride. The capacity factor is directly Froportional to the distribution coeEcient 

where !V is the weight of adsorbent in the cofrunn and V” is the retention volume of 
a non-retained component. Thus, the curve shape of Fig. 2 should be comparable to 
that of Fig. I. Indeed the c-aves of Fig. 2 do show the anticipated shape. Comparing 
the curves of Figs. f and 2 suggests that an acetonitrile concentration of about 
0.05 vol. % corresponds to nearly complete removal of .s&ong sites. However, nearly 
LO vol. % methylene chloride is required for the same degree of deactivation. This 
high conce~~tration su~ests that K/, for mefbylene chloride is not sut’kiently large to 
warrant its &.ssSatioc as a deactivating agent in this system. 
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Fig. 3. Variation of k’ with sample size for acetonitribmodifkd dry hexaue. Conditions, same as 
Fig. 2. 

Fig. 3 shows the variation of k' with sample size for dry hexane modified with 
various concentrations of acetonitrile. As show the sample capacit$, 8_,, for column 
1 incrtises with deactivating agent concentration from approx. 78 ,ug/g- to approx. 
530 @[g. A similar behavior is exhibited with water-deactivated hexane, shown in 
Fig. 4, as expect&l. Within experimedal error, metbylene chloride seems to have 
little effect on 6_l, as shown in Fig. 5. 

In order to compare the values of &I derived from Figs. 3-5, it is important 
to realize that OaL is a function of k’. 8_I would be expected to increase as k’ decreases 
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Fig. 5. Variation of klwith sample size for rnethyIene chloride-modSed hexane. Conditions, same a 
Fig. 2. 

(even if all adsorption sites were homogeneous) because at lower k’ the equilibrium 
is shifted so that it smaller fraction of sample is in the stationary phase. At-k’ = 0, 
0_% wtiuld be large, but no separation would occur. The fraction of solute in the 
stationary phase, p, is given by k’/(l + k’), thus the product pBSr is a better measure 
of relative sample capacity_ 

Fig. 6 is a plot of the corrected sample capacity Y~XU.S the reciprocal of k’ for 
wo columns. When plotted in t-his way, the data for acetonitrile are linear. With the 
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Fig. 6 Compzrison of sample cz_oaciQ! for Merent modifiers. 



exception of o=e point for v~a+-~&ed kexane on&Sti 2, Fig. 6 indicates &at 
tke substitution of acetonitrife for water as modifier results in no fess in sample 
capaci@. En addition, k’ can be varied over a wider range and_higker ~&ES of @.1 
can be attaiz~ed with acetor&ile. hqethylene: chloride appears to give equivalent 
sa@e capacity at low concentration (low I/k’) but falls short of tke values ob&ined 
witk acetonitrile at kigk corrcentratioa. As indicated above, this may be due to a 
failure to meet re&irement 1. Fi g- 0 also serves to point -out tkat. fairly large &- 
fetences in overall sample capacity can occ-ur between different colu1~113~ even tkougk 
the dimensions and column pa&@ are nomimUy the sme. DiEerencts of tkis sort 
may be a result of variation in adsorbent surface heterogeneity from batch to batch. 

A useful deactivating agent should not de-de performance with respect to 
plate height. Figs. 7-9 show the variation of H with Sample size for tw& columns and 
several modifier concentrations. AJJ curves show a constant low level of W at low 
sample loads, but rise rapidly as ,wple capacity is exceeded. All modSer concen- 
trations resdted i;r nearly identical values of H for a given column at fow sa&e 
load. This result is iz~ contrast to an earlier study, where it was found that the lowest 
value of H for dry dietkyl ether was substantially kigker than that for water-modSed 
etkeP. 

I 
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Fig. 7. Variation of Fi with sample size for zcetc&zrile-modified dry hexane. Conditions, same as 
Fig. 2. 

In order to compare sampfe capacity with respect to plate keigkt, we de&e 
8, as tke sa111p1c weight per grti of adsorbent which causes H to double. Tkis 
defizition was cko=n rather thm the conventional de&tition (HI%_in~ease in n) 
because 2 minor amount of scatter in tke data znalzes it diE$t to accurately deter- 
tie the sample size corresponding to a 10 % increase in ET_ ‘Valves of 6, takeit &on 
Figs. 7-9 are conzpared in Fig. IKThe correctiOn for small k’ is applied I& Fig. IQ 
2s in Fig. 6. Again, we Ezd acetonitie gives sa&e capacities eq.&=alent to water 
over the f&l range of k’, Et& methylene chloride fails at higher conce&+ion. 
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Fig. 8. Variation of N with sample size for water-modified he-e. Conditions, same ts Fig. 2. 
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Fig. 9. Variation of A with sampIe c&e for methylene chloride-modified dry hexme. Conditions, 
same as Fig. 2. 

Presmably, other modifiers, which are more strongly adsorbed than methylene 
chloride, would show a smooth frzosition bemeen the roles of sokent and modifier. 
The large difference in the slopes of the lines for the two c&mms in Fig. LO was LUI- 
expected. One possibility is that the adsorption sites are more homogeneous in col- 
timsl2. 

An important practical consideration in the choice of modifier is the volume 
of eluent which must be pasu& through the c&mm to achieve equilibrium (constant 
retention). With water deactivation, 300 or more c&mm volumes, Y”, of hexane are 



Fig. 10. Comparison of &, for different modifiers. 

required to reach equilibrium 5p9. This is a consequence of the low concentration of 
water in hexane (<50 ppm) and the relatively high content of water which must be 
deposited on the silica before deactivation is achieved”. In typical LC systems it 
may take several liters of solvent and many hours to reach equilibrium. It was anti- 
cipated that equilibrium would be established more rapidly if the modifier is present 
at higher concentration. With acetonitrile we found that equilibrium was always 
achieved with 100 v”, and usualiy less than 50 v” w2s required. With methylene chlo- 
ride, equilibrium was established even more rapidly. If the volume of solvent which 
must pass through the co!umn in order to reach equilibrium is related to the amount 
of modifier which must be deposited on the adsorbent, then it should be possible to 
achieve equilibrium more rapidly by injecting an aliquot of pure modifier in slight 
excess of the amount required to coat the adsorbent. Once the excess is washed off 
with eluent, equilibrium should be quickly established. To test this possibility, a col- 
=umn was equilibrated with dry hexane and the retention of m-diphenoxybenzene was 
measured (k’ = 25.1). Then the eluent was changed to 0.05 vol. ok acetonitrile in 
hexane and 300,cA of pure acetonitrile were injected. The t&t compound was then 
repeatedly injected and k' was measured versvs the volume of solvent passing through 
the column. Fig. 11 shows the results of Atbis experiment. Initially k’ dropped to I. 17 
but quickly began to rise to its final equilibrium value of 2.65. Equilibrium was 
established after about 30 ‘P had passed through the column. At a Bow-rate of 3.0 
m$his.~ equilibrium was established in about 20 min. 

Since water-deactivated solvents are inconvenient to prepare, and since larger 
volu~~es are needed to attain equilibrium, it migkt seem wo?tkwkiIe to prepare and 
store large quantities. However, we have found that water-deactivated non-polar 
solvents (per&me, hexane, me+Jlylene chloride) are not stable when stored in glass 
bodies. It has been observed that the retention volume for a test compound varies 
with the storage time of the eluent. The retention ‘Gme may drift in either dirtition. 
By analogy to a study of the changes in the water content of oil’, we believe this 
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Fig. 11. Attainment of constant retention with 0.05 vol. % acetonitrile in hexane initially equilibrated 
witk dry he-e, after injection of 3OOpl of aceto&rile. 

effect to be a consequence of the equilibLz&m of water with the walls and head space 
of the container. It was found that the water content of a transformer oil could change 
by as much as 50% when stored in a glass bottle for one day’. Storage in humidified 
bottles lessened the problem but did not eliminate it. Presumably, polyolefk or Teflon@ 
bottles would reduce the effect. However, storage is unnecessary with miscible deacti- 
vating agents because tie eluel;t czm easily be prepared immediately before use by 
simply shaking the appropriate volume of modifier with a measured volume of sol- 
vent. 

We have been using acetonitrile-deactivated eluents for several months and 
have noted a marked improvement in the constancy of retention. Some variations 
still occur, but these appear to be due to changes in laboratory temperature. The ef- 
fect of temperature OIL retention in adsorption systems with modified eluents is well 
knew-19, but since equilibrium is more rapidly established it is believed that tempera- 
ture will be Zess of a problem with organic mod&rs such as acetonitie. 

The role of solvent composition in sample selectivity (relative retention) has 
been well established12*1’. Eqn. 10 suggests selectivity will be independent of modifier 
composition providing I&/K’,, is constant. Earlier work indicates that this criterion 
is not met and that selectivity does change with modi.Eer type9*10. The effect of aceto- 
&rile on selectivity was tested for a few compounds and the results are shown in 
Table XI.- Compared to water, acetonitrile has a moderate but sign&ant effect on 
selectivity. Although this eEkct will complk%e the use of the wealth of data available 
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TABLE II 

FLETENIXON OF VARiOUS COMPOUNDS ON SILICA EQUILIBRATED WITH DIFFERENT 
DEACTIVATING AGtiTS 

Compound Deactivatiirg ~=ent (in hexane) 

Water Acetorzitrile 
(mtmredJ wu%J 

k’ u k a 

Tiiophenol 
Phenantbrene 
I-Methxynapbtbalene 
mDiphenoxyb 
2-Methoxynaphthalene 
1,7-Dimetboxynapbtbalene 
Methyl benzoate 
1 Kyanmaphthakne 
2,6-IXmethyfphenol 

0.74 0.28 0.82 0.32 
0.72 0.27 1.05 0.42 
1.35 OS0 I -79 0.71 
2.68 1.00 2.53 1.08 
2.75 . 1.03 3.03 1.20 
7.58 2.83 7.3s 292 

14.3 5.34 14.05 5.55 
i 5.6 5.82 16.61 6.57 
17.5 6.53 24.97 9.87 

in the literature compiled with water-deactivated adsorbezts, we believe the advan- 
tages of acetotitrile will far outweigh this disadvantage. 

The use of alcohols as modifers5,g~‘0*15 has been suggested, however, alcohol 
hzve been shown to result in much lower efEciency5, and um~ual peak shapesg. Be- 
cause alcohols are more strongly adsor’bed than acetonitrile, their effective cozen- 
tration range for non-polar solvents wotrZd probably be <O.Ol vol. %. For example, 
0.01 oA methanol was found to give equivalent deactivation to 60 ‘A water saturation 
02 alumina, and- equilibration time was lo&. For these reasons, alcohols are not 
recommended as deactivating agents in saturated hydrocarbon solvents. 

Adsorption sites on silica are believed to consist entirely of silanol groups, 
while dEerences in adsorption site strengths are believed to be a consequence of their 
spatial arrangement on the surface. The strongest adsorption sites “reactive silanol 
soups” are more reactive because of hydrogen bonding by another s&no! g~oup to 
the oxygen of the reactive silanol 16. Different sr&as possess different proportions of 
reactive and other types of silanol groups, small-pore silicas (high surf- area) 
having the greatest proportion of strong sites =. If a silica could be prepared free of 
all reactive silanol groups, the resulting adsor:bent might be sufficiently homogeneous 
to obviate the need for 2 deactivating agent_ Heating silica above 400” may s&ctively 
remove reactive silanol gro~ps’~~~‘, bit no comparative HPLC s+3Aks relatkg sample 
capacity on heated silicas have appeared. Another zpprosch might be the selective 
removal of reactive silanols by chemical reaction. The literature indicates that reactive 
silanols chemically react with trimethylchlorosilane more rapidly than other surface 
EydroxyW. Thus, by controlling the mole ratio of silanizing reagent, it should be 
possible to produce a more homogeneous adsorbent. Until means for producing 
homogeneo= -absorbents can be found, it appears &at acetonitrile. wilI serve as a 
s&able modSer with sub&z&al advantages over water at lea& for the-silia/hexane 
system. More work will be required to determine if acetonitrile has siMar advantages 
in other adsorbent/solvent systems. 
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