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PREQARATION AND PROPERTIES OF REVERSED PHASES™
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SUMMARY

) - The preparation of monomeric reversed phases (RPs) with C,—C,g alkyl groups
are described. Methods for checking the guality of RPs are discussed. The retentions
of polar and non-polar samples were found to be influenced by the elueat, the length
of the organic “bristle”, the carbon content of the RP, the pore size distribution of
the silica support and the total porosity of the stationary phase. The efiiciency is a
function of (among other factors) the composition of the eluent, the capacity ratio,
the Iength of the bristle, the sieve fraction and the packing density. The maximum
sample size is 10 times greater than that with silica and increases with increasing car-
bon content of the RP. The speed of analysis increases with decreasing length of the
bristle. The mechanism of sorption procedures should be discussed with extreme cau-
tion after the quality of the RP has been defined.

INTRODUCTION

Recently, the properties of reversed phases and their mechanism in high-
performance liquid chromatography (HPLC) have frequently been discussed. Unfor-
tunately, however, there is a great variety of such phases, depending on: (1) the qual-
ity of the organic “bristle” chemically bonded on the surface of silica, i.e., C;—Cig
alkyl groups; (2) the specific surface area and pore size distribution of the silica; and
{3) the method of preparation of these pbases, resulting in different carbon contents
Per unit surface area of the silica, i.e., in different concentrations of the more or less
shielded polar silanol groups.

Stationary phases with orgamc groups permanently bonded to the surface of
silica were introduced in chromatography in 1969'. The organic molecules can be
bonded to the surface of silica in three different ways:

} {1) Reaction of the silanol groups on the surface with alcohols, resuliing in an
ester bond (Si-O-C). The alcoholic reactant can contain different functional groups.
These chémically bonded phases have excellent properties in gas chromatography?,
but their use in liquid chromatography is restricted owing to their insufficient sta-
bility against hydrolysis.

(2) Reaction of the silanol groups, especraﬂy their chloride derivatives, with
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primary or secondary amines, yielding aminosifanes (Si-N-C) with reasonable sta-
bility even in aqueous systems™*. The influence of functional groups in the organic
molecules on selectivity has been demonstrated®5. Owing to the monofunctionality of . -
the silanols and of the organic reactants, only monomeric coverage of the surface is
possible, resulting in bristle-type phases with a high speed of mass transfer. -

(3) Reaction of the silanol groups with chlorosilane®, resulting in chemically
bonded phases that are stable over the pH range 1-8.5 (at higher pH values the silica
carrier starts to dissolve)”. In a first approach, bristle-type (i.e., monomeric) phases
can be prepared only by using monochlorosilanes. It is to be expected, however, that
owing to the bulky alkyl groups bonded to the silicon atom, the coverage and the
shielding of the silanols might be less than if di- or trichlorosilanes are used. On the
other hand, with polyfunctional chlorosilanes, siloxane-type polymers fixed on the
surface can be prepared®® if water is added during the reaction or it is not strictly
excluded. A polymeric structure, however, is not always desirable in HPLC because
of the slow mass transfer in the polymer coating!®-''. With porous layer beads (PLB)
covered with a “polymeric” structure of chemically bonded phase, it was found that
the efficiency of the columns was less than that with comparable liquid loadings with
mechanically held organic phases®-'2. With “monomeric” chemically bonded phases,
higher efficiencies were obtained than with comparable liquid loadings on the same
material®3.

Chemically bonded phases have been reviewed in several papers!*~17, including
discussions on selectivity and sorption mechanisms'®*—2!, These papers, as well as
current research??—25, dezl mainly with apolar stationary phases, i.e., “reversed-phase”
(RP) systems. These systems have been widely used, after their introduction?, in all
kinds of column and flat-bed chromatography?s—2°.

In HPLC, chemically bonded phases offer many advantages. The selectmty of
the stationary phase (silica) can be changed and modified. The absolute and relative
retentions in columns packed with chemically bonded phases (including RP) are
hardly affected by small changes in the water content of the eluents, while the opposite
is true for silica. The equilibration of the stationary phase with a changed water con-
tent of the eluent (extremely important in gradient elution) is much more'rapid with
chemically bonded phases than with silica or alumina.

The stability of chemically honded phases against hydrolysis increases from
Si-O-C through Si-N-C to Si—C bonding. Unfortunately, the difficulties in the prep- -
aration increase in the same order. It is not a problem to prepare an RP, but it is
extremely difficult to “cook™ a good one.

FREPARATION OF REVERSED PHASES

Silicas with average pore diameters of 60, 100 and 500 A were used (Lichrosorb
SI-60, SI-100 and SI-500; E. Merck, Darmstadt, G.F.R.). According to the manu-
facturer, the specific surface areas are about 360 m?/g for SI-100 and about 35 m?%/g
for SI-500. The silica was purified before use by acid treatment and thorough washing
to neutrality with distilled water. The silica was dried overnight at 180-200°.
. The following chlorosilanes were used: I, dimethyldichlorosilane, CIZSI(CH;;)I,
I, di-n-butyldichlorosilane, CLS{C.H,),; I, methyl- n—decykﬁchforosilane
Cizox(C’Hs)le—Iu, v, metﬁyi—r-octa&ecgi&‘ cﬂiorosﬁane, szs'{CHJC}_gH,,, and- V,
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n—octadecylmch!orosrian C1381Q3H37. Chlorosilanes I ami V are commercra!ly
_ available (Merck), II was prepared by a Grignard reaction® and HI and IV by
. hydrosilylation®*.- The components were characterized by chemical analysis, boiling
pomt measurements and nuclear magnetic resonance spectroscapy -

- Sitica and chlorosilanes were reacted as described previously®. Water and water
vapour were excluded in order to prevent the polymerization of the chlorosilanes.to
polysiloxanes. After the reaction and the washing procedure, unreacted accessible

silanol groups were determined by methyl red adsorption®. This reaction is a seasitive
test for acidic protons on the silica surface. After the reaction, only a slight reddish
colour was sometimes observed. Such phases were silanized further with hexamethyl—
disilazane or bis(trimmethylsiiyl)acetamide in toluene. Only phases thh a negative
methy! red test were used.

The phases were further characterized by their carbon content, determined by
classical C, H analysis. In order to achieve good results, a relatively large amount
(10-15 mg) was used for the analysis. The reproducibility of the analysis was better
than +109; although the carbon content of the stationary phases was always below
229%. The reproducibility of the preparation of the stationary phases was as good or
better than the C, H analysis, because no difference in the carbon content could be
observed between different batches.

Table 1 lists the different stationary phases prepared with Lichrosorb SI-100.
For the calculations, a specific surface area of 300-350 m?/g was assumed [the silanol
concentration on the surface of silica is about 8 umole/m? (ref. 33)]. With increasing
chain-length of the bristle, the total carbon content increases from 3.1 to about 20
(w/w). The number of organic molecules per unit surface area (100 A?) decreases
from five molecules with the C, bristle to about 2 molecules with the C,; bristle. Even
with a place requirement of 50 A2, no accessible (unshielded) silanol groups were
determined by methyl red adsorption. The unreacted hydroxyl groups are shielded
by the alkyl chains.

In addition to the phases shown in Table I, other types of silica were also used.
With Lichrosorb SI-300 (average pore diameter 500 A ; surface area according to the
manufacturer, 35 m?/g) the carbon content of a C,e phase was 6.25 9. With the given
surface area, a surface concentration of 5.4 molecuies per 100 A2 and a corresponding

TABLE

STATIONARY PHASES MADE WITH Si-100

Bristle  Rzagens SI-1060, d, Carbon content Surface concentration Average place

{(pm) (%, ww) (umole/nt’) requirement of

) a bristle (A%)

C; C1,Si(CH,). 25-32 3.13 8.7 18.5

Ce CLSI{CH;). 25-32 6.98 49 31.6

Ce ] 10 8.1 4.8 31.0

Cio CLSI(CEL)Cyollz 2532 13.6 3.8 38.0

Co - 10 14.8 3.5 . @22

Cia T CLSiCyaHy 25-32 15.9 24 55.0

Cis - - 10 . 223 29 41.4

Cis - 5 189 25 51.5

Cis. CLSi(CH,)CysHsy 10 198 2.6 48.8



s . . T gg&&s&am&ggg&
average place requxrement of 18.5 A? were calculated. These values seemed to be too

“sood” for a C; phase. Polymerization or inexact specific surface area data use& for -
the calculation could be the reason for this unusually low average place requirement.
When_the reaction was repeated under extremely dry conditions, the same vafues
were obtained. Independent surface area measurements with different sampI&e gave
values between 78 and 106 m?/g. The use of an average vaiue of 92 m?/g for the
calculations resulted in a concentration of 2.05 organic molecules per 100 A2 (place
requirement of 48.6 A?), which is in gcod agreement with the values of a C;g phase
on Si-100.

With SI-60 (surface area ca. 400 m?/g), a carbon content of 229, (w/w) was

found. .
The stability of the phases was tested in the pH range 1-9. Within this range,
no loss in the carbon content could be observed by C, H analysis. At pH above 9,
the silica matrix dissolved. Temperature stability is not of major importance in
HPLC: the temperature stability decrsases with increasing chain-length of the
bristle. For the C,s phase, noticeable decomposition staris at temperatures above
220° (ref. 30).

CHROMATOGRAPHIC MEASUREMENTS

A home-built equipment was used®, including a device for the control of the
inlet pressure®. A differential refractometer (Model R401, Waters Assoc., Milford,
Mass., U.S.A.) or a home-built UV detector operating at 254 4 10 nm was used.
The samples were injected on the top of the stationary phase. The columns were
drilled, and packed by a modified slurry technique, by either the balanced density or
viscosity method® using 5- or 10-um particles. Packing of 25-35-um particles was
performed by vibration and tapping. Only purified eluents were used.

CHARACTERIZATION OF THE STATIONARY PHASES

Non-polar eluents

With non-polar eluents (such as n-heptane) and silica, the retention order is
due to the interaction between the silanol groups and the sample’’. The absolute
retentions (or the capacity ratios, &’) are a function of the amount of silanol groups in
the column. As this amount decreases, the value of X’ also decreases. In RP columas,
where no silanol groups are accessible, the non-polar samples will be eluted with the
inert peak if the eluent is non-polar. The more unreacted silanol groups are present,
the higher will be the £’ value of the polar samples.

Table II shows the k' values of the non-polar to medium polar samples on
different RP stationary phases with a non-polar eluent (z-heptane). With n-heptane,
the k&* values show a minimum with the C, bristles, although the concentration of the
alkyl groups on the surface is highest with the C; bristle. With C,g, the k" values are
almost as high as with C,. The shielding of the unreacted silanol groups seems to be
optimal with the butyl group. It would be expected that C,, groups would.}have
better shielding properties, but it is overcompensated for by their high average placs
requirement;, which is abont 1.5 times greater than that for a butyl group. Similar -
results were obtamed with more polar samples and dxcmorometﬁane as tfxe efuent
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TABIER -

CA.PACITY RATIOS ON RP WITH n-Hr.PTANE AS ELUENT
- Sagmple . Stationary pkase }
) Cx C& CIB stx th‘ca -
(229% C) (11% C) SFK100
" n-Hexane 005 004 005 - —
Benzene 0.07 007 — 0.05 0.48
Biphenyl 008 005 — 0.08 1.69
Methoxybenzene 0.17 0067 020 0.35 —
Nitrobenzene 0.34 0©.i1 047 0.65 13.8
Methyl benzoate 0.53 012 0.36 2.65 -
Ethyl formate 0.63 0.12 046 293 —
Benzyl phenylacetate 0.62 0.07 0.22 3.11 —
o-Dinitrobenzene 1.86 007 1.15 9.89 —

With this eluent, the elution order increased from butanol to methanol, i.e., the
retention order was a function of the unreacted and unshielded silanol groups on the
surface of the RP.

The influence of unreacted and unshielded silanol groups is demonstrated by
the muck sigher &’ values obtained with the C,5.. having an 11 9 (w/w) carbon content
compared with the C;q having a 22 % (w/w) carbon content. With silica and n-heptane,
the X’ values are about 0.5 for benzene and 14 for nitrobenzene. The more polar esters
and the dinitrobenzene are not eluted under the usual conditions.

As a resuilt of these experiences, only RPs with the following properties were
used for further work: (1) no methyl red adsorption; (2) capacity ratios of benzene
and nitrobenzene less than 0.1 and 0.5, respectively, with n-heptane as eluent. These
phases, when tested by gas chromatography, gave symmetrical ether peaks, which is
a standard requirement for good chemically bonded phases?.

From the point of view of covering and shielding the surface silanol groups,
the use of butylsilanes would be optimal. However, RP systems are hardly used with
non-polar eluents, and the behaviour of the phases with polar eluents will determine
the optimal bristle length.

Polar eluents

Typical eluents used in RP chromatography are methanol, water and their mix-
tures. In the following studies, we restricted ourselves to these eluents.

Fig. 1 shows the influence of the bristle length bonded on to the surface on the
retentions of n-zlkanes, the logarithm of the capacity ratios of Cs—C,; n-alkanes being
plotted against carbon number. For each bristle type between C, and Cyg, a linear
relationship is obtained with methanol as eluent. This is not a typical separation prob-
lem in HPLC, but for systematic studies it might be valuable. The slope of the lines
(i.e., the relative retentions of the n-zlkanes) increases with increasing length of the
bristles. The difference between the behaviour of the C,g (229, w/w, carbon) and the
Ciax (11%, w/w, carbon) stationary phases is notable. Comparing the carbon content
of the different RPs in Table I, it seems that not only the chain length but also the
amount of organic material bonded on to the silica determines the absolute and
relative retentions (compare the data for Cy, and C,g, in Table I and Fig. 1).
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n-clkane samples

F:g. l Inﬁuence of bristle Iencth on the retentlons of s-alkanes. Qza.mplm Ca-Cn n—a!kanm Eluent: .
methanol. Stationary phases: silica SI-100; subjected to reaction with methyl-(C;), buty-(CJ); decyl- )
{Cyoy and octadecyl-(Cig) silanes (see Table I). Cm bristle Cys, 22 75 carbon bonded Crax: brlstle Cu;s

119 carbon bonded

. Slmllar results were obtamed with n—alcohols under xdentxcal condmons (Fxg.
2). The introduction of one hydroxyl group inte the hydrocarbon chain of the sample
molecule has a significant influence on the retention. The &’ value decreases from 4:6 -
for heptadecane to 1.1 for hexadecanol, neglecting the carbon atom that carries the
hydroxy! group. On the other hand, the longer the bristle (and the higher the carbon -
content of the RP), the hlgher are the &’ values and the relatxve *e;entlons ,

logk’
H

o1

tin 3 L8 8 0 3 E3 18 C-numbetofthe :
o o= utcohol samgtes

. Fig. 2. Inﬁueme of bnst!e length on the retentions of -alcohols. Sampzs c,;-cls a-alaoho!s. oﬁze:? i
,eondmens as in Flg. 1. )
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PR Inctwsmg the polar:ty of the elueﬁt fmm meth:mo! to water, the dxﬁ‘erences
Y ‘the absolute and relative retentions as a function of the quality of the RP decmse, N
_ as demonstrated by eompanscn of Figs. 2 and 3, However, the relative retentions of -
: nezghbourmg samples still increase with increasing bristle length. The relative reten-
“tion of n—propanol—ethanol increases from 2.8 on the Cg bristle. to 3 6 on the C18 :

bnst[e. 7

togk'
24

Cs

o

12 3 4 5 5 7°'8 9 C-number of the
n-alcohat samples

Fig. 3. Infiuence of bristle length on the retentions of n-alcohols Samples: C,-Cs n—alcohols Eluent:
water. Other conditions as in Fig. 1.

Similar observations were made with other organic samples, e.g., phenols,
with water as eluent, as shown in Fig. 4. The relative retentions are similar, the ab-
solute retention of a given sample increases with the chain-length of the bristle. The

-anomalous behaviour of the C,, phase bonded exceptionally on the surface of a silica
with an average pore diameter of 60 A (SI-60; broken line in Fig. 4) will be discussed
later. Other samples, such as aromatic hydrocarbons, acxds and esters, gave similar
results.

' Altheugh the shxeldmg properties are- better with the Ce btzstle, higher &’
‘values and better relative retentions are obtained with the longer bristles. Therefore,

) the use of Cis bnstles in RP separatlons seems to be optunal

Inﬂuence of tlze pore size- dzstrxbutzon of tIze szIzca

-7 Three sihcas with different average pore sizes were reacted with octadecylsilanes.
‘The a;.:bon content of the RP was similar with the SI-60 and SI-100 (22%, wiw),
- whereas SI-500 ‘had only 6. 5% carbon. bonded on to the surface asa consequence of
its much smallet specxﬁc surface am - S -
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Fig. 4. Influence of bristle Iength on the retentions of phenols. Samples: phenol, resorcinol, pyrogal—
Iol. Eiuent: water. Other conditions as in Fig. 1, except for the broken line (SI-GG used mstmd of
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. Fig. 5 shows the influence of the average pore size on the &’ values of n-
alcohols with water-methanol (1:1, v/v) and water alone as eluents. The £’ values on .
the SI-500 RP are much smaller than on the other phases owing to the lower carbon
content. With water—-methanol as eluent, the & values on_the SI-60 RP are slightly

eluent: water - methano! - sluent: water

-
©

U'+}
x

S1-100

SI60

wa
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it b i Btish s o
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- L£-number of the a—aiﬂéhe! smg&es

.F'l,;. 5. ﬁ'nﬂuenee of the avcrage gcre size ot’ the sfﬁm ‘with Cp Bristles:. Samgf&s Cr-Q m[coﬁois.
Efuents: methanof-water (f £, v/v) (eit); water (right). Sificas: SE-GEf(averagegore sxze&} A;‘ sr ms:rs )
;{mg@es&z&iﬂﬁALSi-ﬁgaiﬁzgmmésa%_ S IR .
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is eﬁ'ect is mucb ‘more. sxgmﬁ-'
broken curve .

f , 1 o it should '
be: pomted out tbat the totai poroszty of the RP wzth SE iGﬂ and SI—SOO supports was”

always about 0.8 (+-0.02), as is usual with porous stationary phases: The total porosity -

of the SI-&Q—Cm phase decreased. ftom 0.49 to 0:43 on changmg from methanoi—water ~
to water aseluent. Th&ce valu&c are smnla.r to the total porosity of porous layet beads.
;Et.Seems that owing ‘to the Cya bnstles oniy a smalk part (if any) of the pore volume is
-penetrable by the’ eluent: If the maximum sample size does not decrease with this
‘effect, silica; supports with an average ‘pore size of 60A ora little smaller should be
optlmal for. the reversed phases; because with decreasmg totat- -porasity the pressure
drop: over the columan decreas&c at constant linear. velecxt} of the eluent if the
geometry of the column is kept constant.- The risk wrch such phases is, however, that
their total ‘porosity may be a funct:on of the eluent or that of the sample.: Futther )
research xs requxred in th:s ﬁ ' :

’Co umn eﬁiczency B : :

.7 . In the following, the sunport for the RP always had an average pore dlameter
' of about 100 A; i.e., SI-100 silica was always used.

, ~In Fig. 6 h versus u curves aré plotted for- samples with capacnty ratios be-
~ tween O. 15 and 1.8. The eluent ‘was methanol—water (1:1, v/v). The v1scos:t1es and the
Ch

el

-
i
%64
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R
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702" » 1 . ) ;'2 ’ 3 v 4 ‘ 5  7.: u{mrnlsec]
Fxg. 6 Pazk bmademng as’ functxon of mobﬂe phase ve!ocxty Eluent. water—methanol {1:1, v/v)
Co!um length, 3G cm; LD, -4.2 mmi; drilled. Statmnary phase: SI-100-Cy,. &, = 10 pm. Permeabili-.
Tty K= l 6. 20" cm‘ Sa.mpl&s (a) n—pen.anol (k’ =1 8), (b} phenol (! 33;. (c) ethanol (0.15)
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mterdiﬁ‘umon coefﬁezents of these elﬁents as a funcnon of conoentrauona» are
_ancmalous.. The '1: I 'mixture has about the maximun. viscosity. (the minimum dif-
-~ fusion coefﬁcxents of the samples), the consequerice of which’ should be a lower ef- .
ﬁcxency if it is not also a function of the &’ values which, of course, change w;th the
- composition of the  eluent. also. Because the sieve- ftactzon is around 10 zm, the’
~ “curves may be approximated to straight Imes. The slopes are surpnsmgiy small (S 8-
8.7 msec) and the intercepts relatively high (ca.-60 gem). In our experience, the. slope' '
is hardly affected if the composition of the eluent is changed In. contrast; the mtercept
- of the line is a sensitive function of the comp051t10n of the ezuent and, of course of-
that of the packmg method -
The efiiciencies are not mﬂuenced by the Iencth of tne orgamg bnstIe W:th
- 10-um -particles and methanol as eluent, a C-term.of 7-10 msec was measured (with
" water the value was 10-12 msec), independent of the bristle length between C; and
_ C18 On returning to the initial eluent, the column en"ic:ency was always reproducible.
The influence of -particle size on . efficiency is the same - as observed with
* plain silica®®.*. On reducing the particle diameter from 25-32 gin'to about 10 zm, the
h values decrease by a factor of about 8; on decreasing the average partxcfe dxameter :
~ from 10 to 5 zm, the & values decrease. only by a factor of about 2. With an average
- particle diameter of 5 um, the A versus u curves, of course, show a minimum (see Fig.
7) In thlS column with a iength of 30 cm, ahout 8500 theoretlcal plates are cenerated

64 ‘
56
48

401

32

1 ‘ 2' 3 - :TA T _‘.75/ -
} oo ER LT : L - uﬁnmfseg o

Flg. 7. P&kbroadenmg as funcimn of mobile phase velncxty‘ Colunm as mF;g. 6 Eluent. methanoi. .
) Stauona_ry ‘phase: SI-IOO—Cw, d, =5pm’ Permabzhty K= 3 10-“’ cm-- Samp!&s' £2) n—decanol';; i
- (.:’ 031) (b) ndecane (1.24), (c) ethanol (mcrt) RER A : i
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at the mlmmum veiocxty of 1.5 mm[sec, L., i'z A 35pm. The C—term is about 5 msec,
and consequenﬂy the speed of analysis incréases szgnmcantly with increasing velocity.

“The average pore diameter of thé silica had no influence on column efficiency
“if it was about or larger than 100 A. The & values on columns packed with SI-100 and
SI-500 RP were similar with water or methanot as cluent. -

‘Tn the reaction of silica with tncblorooctadecyisﬂane, polymerization is pos-
sible if traces of water are not excluded. For steric reasons, 2 maximum of two of the

" three chlorine atoms can react with the silanol groups of the silica. If a polymeric
stationary phase is formed, the efficiency with such a phase will be lower than that with
a monomeric (bristie-type) phase.

In order io study this effect, dxchloromethyloctadecylsrlane was prepared and
reacted with silica. Under same conditions, the same type of silica was reacted with
trichlorooctadecylsilane. During these reactions, traces of water were excluded as usual.
The product obtained with the trichlorosilane was washed, dried and reacted with
hexamethyldisilazane in order to block the newly formed silanol groups. On comparing
the two C,g phases, the average place requirement of a bristle, the absolute and relative
rétentions and the efiiciencies were very similar. Consequenily, if water is strictly
excluded, the chromatographic properties of the dichloro- and trichlorosilane-treated
silica are virtually identical if the later products are subsequently silanized.

- Loadability

The loadability was determined by measuring the increase in /2 values and the
decrease in kK’ values with increasing sample size at constant velocity. Overloading
starts, by definition, if the deviation exceeded 109, of the values measured with
extremely low sample sizes.

Table HI lists the measured loadabilities for Cq and Cyq stationary phases. The
maximum sample size is given in units of 10~ g of sample per gram of stationary’
phase. Increasing the bristle length from C; to C,g doubles the loadability of the
columns. The maximum sample size increases with increasing carbon content of the
stationary phase, but the relationship is not linear. Moreover the loadability increases
less than the amount of bonded organic material. With the C,; RP, the maximum
sample size is about 2-10~%g of sample per gram of stationary phase. The

loadability is an order of magnitude greater than with bare silica.

TABLE III

LOADABILITY OF RP SYSTEMS

RP systems C, and Cys. Silica SI-100, 4, = 10 gm. Column length, 30 cm; L.D. 4.2 mm. Eluent:
water-methanol (1:4, v/v).

Sample & value Maximuwn sample size
(104 gig)}

. ) Cs Cie C Cis
Hexanol . 0.3 0.5 7.1 10.5
m-Xy!enol 0.2 0.5 9.8 20
Gammexane 0.7 21 - 11.5 185

Lanatosid A 0.3 - 0.6 - 95 21
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Chczmca!lv bonded non-gofar statlonary Qha.ses of the reversed—phase tyge
have been prepared. The aim was tc minimize the inffuence of the sifanol groups of
the silica on solute retentions. A non-polar stationary phase must not have accessible -
silanol groups, as indicated by a negative methyl red adsorption. Further, the refention
of samples in non-polar efuents should be extremely smail. By increasing the bristle

length from methyl to octadecyl, it was found that the average place requirement
increases from about 20 A2 for tha meathvl group ta ahont SO A2 far the nntndnr-v!
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group. The coverage and/or the shielding of the surf‘ace silanol group is optimal thh
butyl groups. On C, RP, the retention of polar components in'non-polar eluenfs such
as r-heptane or dichioromethane is minimal. ]

With typical eluents for RP separations such as methanol and water, the &”
vaiues and the relative retentions increase with iacreasing length of the bristles. The
efficiencies of columns packed with these materials are not influenced by the length
of the bristles. Therefore, for difficult separations (small relative retentions), C,s RP
systems with a high carbon content should be used. However, faster separations are
obtained with shorter bristles, i.e., with butyl groups (C,). The higher the carbon
content of the RP, the gnater the amount of a samp[e that can be separated without
Ioss of resolution. Such sysiems offer good possibilities for use m preparative liquid
chromatography.

RP systems offer great potentialities for the separatlon of polar samples as
wéll as for the separation of hydrocarbons. Fig. 8 shows the separation of different
phenols with water as eluent with a C; RP. The time of analysis is doubled if a C,,

3

!

% % g - ;

- Fig. 8. Separation of ghenols. Columnp as in Fig. 6. St.atmna.ry pbase ST-IGO—Q, = [0 pm. Eluent:

- water: # = 0.5 cm/fsec; Ap = 125 atm. Samples: 1= Dzo Gnert): 2 = ph!om,lucmol & =25); _
3 = pyrogallol (26), 4 =. hydroqumone (2.95); - 5 rson:moi (495), & = catechoi (5 65}, T= -
pherol {i 1.5, - i .
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KP is used mg. 9‘ shows tﬁe segatat:on of’ aramatxc ‘and- cycfoaﬁ’(ane nycirocarﬁons
onaCy, ﬁ? system. Such separations sfioufd not Be soived by R cliromatograpity
-fa a first approdch, but the advantages of R in the separauon of pofynuclear aromatic
ﬁgﬁrﬁfﬁi’%ﬁﬁh fias aiready deew cemonstratead ™, .-

In our experience, it is more sophisticated to gacfc coﬁmms with a reversed
pnase than with sifica. The packing density (7. e., the weight of ‘the stationary phase
per unit empty cofumn vofume]j can be varied By thie packing method. fn an extremely
approximate approach, it could be argued that with decreasing pacKing density the
efficiency of the column increases up to a given limit. With these columns, the efficiency
often decreases during the lifetime of the column. On the contrary, high packing densi-
ties result in excelfent reproduczbzhty and Ienqer lifetimes, but sometimes poorer ef-
ficiency.

Itis extremely dangerous to discuss the mechanism of chromatographic separa-
tions with reversed phases without defining with great accuracy the guality of the
stationary phase used.

~ Further applications of RP chromatography and the influence of sample
structure and eluent composition on solute retention are discussed in a following

paper?.
4

I

— L

-‘sﬂr
"-'xg. 9. Segamtxon of hydroaubons. Column as in Fsg. 6. Stationary phase: SI-100-C;s, 4, = 10 2m.
. Eluent: methanol:z = I.T cmfsec; 4p = 175 atm; mgk- f = ethanof (mert),f = mpnefzyﬁf =
8353 = gﬁenyfcgc{cﬁmne(ﬁuf‘% bicyclobexyT (1.8 .
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