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The efficiency of liquid chromatogaphic separations is partly Cfected by the 
method of sample introduction into the column. The usual techniques for injecting 
dilute samples into analytical high-performance liquid chromatographic (HPLC) col- 
umns are by using an injection syringe or by using a loop injector or another type of 
injection device ‘J Also, in p . re p arative liquid chromatography, the injection of a 
sample solution is used almost exclusively. 

The most popular technique in HTLC is to dissolve the sample in the mobile 
phase3_ Poor solubility of the sample is probably the main limitation to the require- 
ment to introduce a large amounts of the sample into a column. To increase the 
sample soIubility, it is possible to dissolve it in one of the components of the mobile 
phase or in another solvent with a chromatographic strength identical with that of the 
mobile phase but with a different dissolving power 3.4 One should be careful in choos- _ 
ing the solvent, because the efficiency of the separation depends not only on the 
nature of the sample itself, but also on the presence of the individual components of 
the mobile phases. In order to obtain the highest separation efficiency, use of the 
maximum injection volume of a sample of a given concentration in relation to the 
column parameters and separation conditions is recommended. If the solubility of the 
sample in the eluent is low. it is advisable to increase the volume of the column or to 
use recycIing6-‘. The problem of poor sample solubility can be overcome by evaporat- 
ing the sample solution on a solid adsorbent_ The adsorbent with the sample coated 
on its surface is then placed in the top part of the columns-g_ Application of this 
procedure in preparative dry- or slurry-packed or radially compressed HPLC col- 
umns is complicated_ It is possible to use some kind of pre-column packed with 
materials containing samples coated on the surface. The top part of the axially com- 
pressed column is easily accessible by disconnecting the upper fiit, so that solid 
sample introduction can be elEcted ~imply’~*~‘. 

In this paper, an example of the direct introduction of a solid sample of dia- 
mantanols into a preparative HPLC column with an axially compressed bed is de- 
scribed. 
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EXPERIM EN-i-AL 

Swhesis of mked diamantanois 
A mixture of 1- and 4-diamantanols was prepared according to McKervey and 

co-workers1Z*13 by isomerization of tetrahydrobinor-S in chlorosulphonic acid, using 
ahnninium chloride as the catalyst. The reaction mixture containing I- and 4-chlo- 
rodiamantanes and a smal! amount of diamantane was hydrolysed with hydrochloric 
acid in dimethylfoimamide, yielding a mixture of l-diaman tanol (38.4x), 4-dia- 
mantanol (57.5 72) and diamantane (4_ 1%) 

Separatfon of I- and 4dtimantanot 
The mixture of diamantanols was separated into individual compounds on a 

Chromatospac Prep 100 preparative chromatograph (Jobin Yvon, Longjuneau, 
France)_ A 200-g amount of silica gel of irregular shape (particle size IO-20 pm) was 
packed into a column of 40 mm I-D_; the height of the bed was 270 mm. The ad- 
sorbent was obtained from silica gel L-40 (Lachema, Bmo, Czechoslovakia) by 
screening on a Zig-Zag classifier (Alpine, Augsbur, 0 G-F-R_), washing with methanol 

and drying at 200°C for 5 h before use_ 
n-Pentane (Reahkim, U.S.S.R.) containing 6, 4 and 2% (w/w) of 2-propanol 

was used as the mobile phase_ The mobile phase was degassed before use by connect- 
ing its reservoir to vacuum for 10 min The flow-rate of the mobile phase was 22-25 
ml/min at a pressure of about 200 kPa. A refractive index (RI) detector (Varian, Palo 

AIto, CA, U.S.A.) was used. 

Ana&sk of fractions 
Gas-liquid chromatographic (GLC) analysis of fractions obtained by prepara- 

tive separation was carried out on a Chrom 4 gas chromatograph (Laboratory Instru- 
ments, Prague, Czechoslovakia) at 19O”C_ The column (1200 x 3 mm I.D.) was 
packed with 3 % of XF-1150 (Applied Science, Oud-Beijerland, The Netherlands) on 
Chromaton N AW DMCS (Lachema). HPLC analysis was carried out on a Varian 
8500 instrument with an RI detector_ The column (250 x 4 mm I.D.) was packed 
with Silasorb, 8 m (Lachema)_ The mobile phase was n-heptane-2_propanol(96:4, 
w/w) at a now-rate of 1 ml/mm_ 

Sample introduction 
A 2-IO-ml volume of sampIe solution (50 mgfml in isooctane containing 6 % of 

2-propanol) was injected into the column using a sample reservoir. 
Introduction of a solid sample into the column was performed as follows. After 

preparation of the column by axial compression the pressure was reduced to zero_ 
The r;op ftittcd disc of the column wasremoved from the column and a approximately 
l-cm thick siIica layer was removed. The sample was placed in a mortar, powdered 
and mixed with twice the amount of silica and few mililitres of mobile phase_ The 
mixture was homogenized and ground thoroughIy, yielding a thick slurry, which was 
poured into the empty space on the top of the coIumn. The top f&ted disc was fitted 

sand the column was compressed’again. 



NOTES 305 

RESULTS AND DIZkUSSION 

The purities of the separated components obtained under di!Xerent conditions 
(amount of sample introduced, method of sample introduction, content of Z-propa- 
no1 in the mobile phase) are given in Table I. Higher purities and higher yields of the 
separated compounds were achieved when solid sample introduction was used. This 
method is the most suitable for the purification of the first eluted component of the 
mixture, as it is nearly always of the highest purity (minimum 9s %)_ In the separation 
of a larger amount of sample in one run, it is necessary to collect the second com- 
pound later, at about 50 % of the peak height because of contamination of the second 
compound by the first component. Typical chromatograms of the preparative separa- 
tion of I- and 4-diamantanol are presented in Fig. 1. 

TABLE I 

PURITY OF SETARATED FR.4CTIONS 

Concenfrarion o/2-propanol Amounr inrroduced 
in n-penxane in nzobite 
phase (%) In sohrion Solid 

6 0.1 ,e/Z ml 
0.2 g/4 ml 
0.4 gJ? ml 
0.5 s/IO ml 

0.3 
0.5 
1.0 

I -DiamanranoZ 

9s 

9s 

9s 
90 
9s 
9s 
9s 

?-Diatnantaaol 

9s 
9s 
so 
75 
9s 
90 9s (30)* 
SO 9S (60) 

0.5 9s 9s 
1.0 9s 90 9s (15) 
1.5 9s so 98 (?o) 
2.0 9s 75 90 (50) 

0.5 9s 9s 
1.0 9s 9s 
1.5 98 95 9s (30) 

2.0 9s 90 9s (50) 
3.0 9s 75 85 (60) 
5.0 See Fig+ 2 

l Values in parentheses are percentages of l-diamantanol peak height when coltection of fraction was 
started. 

More detailed information on separation in a heavily overloaded column was 
obtained by solid sample introduction of 5 g of a mixture of diamantanols. The 
narrow fractions were collected and analysecl. A chromatogram of this preparation 
and the analyses of some coilccted fractions are presented in Fig. 2. All fractious 
obtained from the fist peak contain l-diamantanol only. The concentration profile of 
the contamination of the second component (44amantanol) by 1;diamantanol is 
also shown. 

This kind of overlapping of two separated peaks, when the first component is 
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fig I. Prepari~tive chromato_gams of separation of I- and tiiamantanol. Column. 270 x 40 - I.D., 
packed with irregular siica (I&Z0 m); mobile phase, n-penran~2-propanol (98?, XV+); flow-t-ate_ 22 

m!:min; dcrection. RI detector. Amounts introduced in solid state: _q 1 ,g; B. 1 g. 

.C analyses 

Lo a, 80 xx) min 0 23 20 min 

Fig. 2_ Preparative separation of a misture of diamantanols and GLCanal_yses of some fractions. Prepara- 
rive conditions as in Fig_ 1. Amount of sampie introduced in the solid state. 5 g. Analytical conditions as in 
Fis 3B. 

pure while the second is more or less contaminated by the earlier eluted compound, 
differs from the “symmetrical separation’* published previously3. The questions 
remain of what the effect of the non-linear adsorption isotherm is and what the 
contribution of the solid sample introduction method itself is. 

The influence of the mobiie phase cqmposition on the separation of diaman- 
tane derivatives was studied earIier l* It was found that the separation selectivit$ of I- . 
and 4-diamantanol -is higher when n-heptane-diethyl ether (ar -= 3) instead of n- 
heptane-2-propanol (a = 21-2-4) is used as the mobile phase_ In our work., n- 
pentane-Zpropanol instead of n-heptane=diethylether wasu%cIas the mobiIe phase, 
for two reasons: the pDenerafion of an n-pentan*2-propanol mixture is very simple, 
knd the efikiency of separation is higher when n-heptane is replaced with n-pentane”. 
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Fig 3_ Analytical chromatograms of diamantanols. (A) HPLC separation. Column, 250 x 4 mm I.D., 
packed with Silasorb, 8 m; mobile phase, n-heptane-2-propanol(96:4, w/w); flow-rate. 1 ml/mm; detec- 
tion. RI detector. (B) GLC separation. Column, 1200 x 3 mm I.D., packed with Chromaton N AW 
DhICS coated with 3 7: XF 1150: temperature, 19O’C. 
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