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SUMMARY

The influence on the efficiency of chromatographic systems of the range and
disiribution of particle diameters was investigated in relation to symmetrical and
unsymunetrical distributions. The latter were studied with increasing proportions of
very small or very large particles. The efficiency of systems with symmetrical
distributions uwp to the value of Ad, = 160 um was found to be unaffected by
changes in fraction width. Significantly increased values of the theoretical plate
height were observed for fractions with unsymmetrical distributions only for d, #
constant.

INTRODUCTION

Maximum separation power of chromatographic columas is attained by using
packings with particles as small as possible, and of similar size, shape and micro-
porous structure. Columans packed by the “wet™ method with particles in the 5-10-
zm dizmeter range’? have been reported as particularly efficient®-1°-13, This mainly
concerns columns 2-50 mm in diameter, not macropreparative or industrial-scale
columns, which cannot be packed with sclected particles, since this would be
prohibitively expensive and make columns difficult to pack.

In order to choose optimum separation conditions, it is essential to know
how the column efficiency is affected by the heterogeneity of the packing material.
There are few literature reports on this subject.

The purpose of the present work was to investigate the manner in which the
column efficiency is affected by fraction width, Ad, (d, = particle diameter), and
particle-size distribution within fractions. Although these investigations were con-
ducted with columns of not more than 50 mm in diameter, we believe that the con-
clusions arrived at can be extended to larger-size columns.
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EXPERIMENTAL

Adsorbents

Columns were packed with sduz gel ﬁ-actmns ptepated by mixing suitable
proportions of basic fractions obtained by sieving silica gel Type 60 (Machery,
Nagel & Co., Diiren, G.F.R): I, d, = 40-60 gm: II, 4, = 60-75 pm; HI, d, =
75-102 um; IV, d, = 102-120 um; V, d, = 120-150 gm; VI d, = 150-160 zm and
VI, d, = 1560200 xm.

Measurements by microscope have shown all fractions to be characterized by
symmetric particle-size distributions in relation to the mean d, value. The com-
positions of terminal fractions used in the experiments are listed in Tables I and II.
The investigations inciuded both symmetrical and unsymmetrical particle size
distributions in relation to the 4, value.

TABLE 1
COMPOSITION OF FRACTIONS WITH SYMMETRICAL PARTICLE SIZE DISTRIBU-
TIONS

Symbol Percentage by weight of basic fraction
4060 60-75 73-102 102-120 120-150 150-160 I60-200
pm num pm pm e pm e

v - - - 100 - — —

A - — 21.6 56.8 21.6 — -

B - 6.0 24.1 43.1 216 5.2 -

C 40 10.7 18.6 28.3 20.3 14.7 34

Eluent and other substances

Hexane (Reachime, Moscow, U.S.S.R.) and dicxane (POCH “Xenon”, Lodz,

TABLEH
COMPOSITION OF FRACTIONS WITH UNSYMMETRICAL PARTICLE SIZE DISTRIBU-

Symbol Percantage by weight of basic fraction
75-102 um 102-126G pm 120-160 p2m 168-200 g2

m 100 — — -
D S0.9 9.1 — —
E 833 16.7 — —
F 71.4 28.6 — - —
G 58.8 412 — —
H 55.6 2.2 222 -
L 454 18.2 8.2 18.2
M 50.0 50.0 — —
N 210 49.4 296 —
P 124 285 410 17.1
v — — — 100
T — — 28.6 714
w — 22 222 556
z 18.2 18.2 18.2 454
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Poizndy mixture (85:15) was used as mobile phase. Both soivents had previously
been distilled. A mixture of benzene and aniline was used as sample. |

Rt

Cotamres -

"~ €olumns of fength 50 cm and 2, 6, 17 and 50 mm L.D. were used. These of
i7 and 50 mm [.DJ. were equipped with fiome-made heads ensuring uniform distri-
bution of the mobile phase over the whole surface of the packing section. Identical
ﬁ&& were placed or the cofumn outlets.

Packing pracedure

Columns were dry-packed by the impact method, using home—made impaci-
ing devices. The columns were raised by 2.5 cm at a rate of 120 times per minute and
descended by their own weight. Adsorbents were poured uniformly over the whole
surface of the column section. Optimum tapping time was 30 min.

Apparatus

The efficiency of the packed columns was tested with an apparatus ensuring
linear mobile pbase flow-rates within the 0.3-2.0 cm/sec range which is the most
frequently encountered in practice.

Meacuraements for columns with 2 and § mm LD, ware made usineg 2 KR 5101
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liquid chromatograph equipped with micropreparative KABID-Warszawa aecessories.
Larger-size columns were investigated with a2 home-made preparative liquid chroma-
tograph. The same UV-254 KABID-Warszawa detector was used for all measure-
ments.

RESULTS AND DISCUSSION

To investigate the influence of particle-size range on the plate height, H =
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Fig. 1. Dependence of plate height on the width of silica gel fractions with symmetrical particle

distribution. Eiucat, hexane-dioxane (85:15). Sample, ariline. Velocity of mobile phase, 0.4cm/
sec, Columas: O,2mm LD.; X, 6mm LD.; A, 17mm LD.; @, 50 mm LD.
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R4d,), we used the gel fractions listed in Table I. The mean weighted values cal-
culated from the particle diameters were ca. 110 um. These fractions were character-
ized by symmetrical particle-size distributions around the mean value, d,.

The plotted dependences H = f(x) were linear and approximately parallel
within . the range of the most frequently encountered mobile phase velocities,
z = 0.3-2.0 cm/sec. This allowed us to compare the efficiencies of various columns
on the basis of plate height values determined for selected mobile phase velocities.

" The results of investigations of H = f(Ad,) for the silica gel fractions described
above are shows in Fig. 1. They lead to the conclusion that the efficiency of the
chromatographic systems discussed is not affected by changes in the Ad, values,
within the particle diameter ranges investigated, up to Ad, = 160 um. Th&se results
deviate from those for analytical columns'® where ca. 5094 drop in the efficiency of
the systems was observed for Ad, = 125 gm.

Our result may be evidence of a lower eddy diffusion value. This may occur
when, owing to an improved loading technique, column packings become more
compact, and interparticle spaces are smaller and homogeneous in size and shape.
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Fig. 2. (2) Dependence of plate height upon the contents of ths fraction causing tailing of the curves
for particle size distribution, Ad, # constant, dy...y = constant. Conditions as in Fig. 1. (b) As
in () but Ad, = constant,
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On this basis it can be conciuded.that cur impact loading technique has proved
more eﬁ‘ecnve than the vibratory technique employed by Halasz and Naefets,
Another advantzgc of the present miethod is the greater efiiciency of columns with
5¢ mm- ED. compared with columns of smaller diameter. OQur observations con-
cerning the significance of column diameter are similar to those made by other
authors®!S, despite the fact that we used much larger particles and wider fractions.

We oonclu_de that our loading technique prevents heterogeneity of packings
caused, e.g., by agglomeration of particles of the same size.

ﬁmmmmmmmmmmmmmmmm H™
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Fig. 3. Particle size distribution of silica gel fractions: (a) fractions 75-102um and L, F, H from
Table II; (b) fractions 75-102 um and D, E, F, G from Table IL
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Next, we investigated the effects on the efficiency of asymmetry of the par-
ticle-size distribution in gel fractions. Fig. 2 presents the dependence of the theoreti-
cal plate height on the percentage by weight of basic fractions which comprise the
tailing part of mixtures. Particle size distributions in these mixtures are presented in
Fig. 3b (fractions d, = 75-162 um; D, E, F, G from Table I} and in Fig. 3a
(fractions 4, = 75-102 um; F, H and L from Table If). As can be seen, the
distribution of the d, value on the descending part of the curve is asymmetrical.

Our measurements have shown that column efficiency decreases only if the
percentage by weight of particles in the tailing part exceeds 459 (Fig. 22). It is
interesting that ihe greatest changes, i.e., decreases with increase in diameter, were
observed for analytical columns. This supports our earlier observaticns, accerding
to which radial particle segregation is prevented if the packing methods developed by
us and the previously described technique of pouring packings are employed. The
diminished efficiency of analytical columns under the circomstances described above
points to unfavourable structural changes occurring in the layer near the walls, a fact
of particular significance for analytical columns.

i Even in analytical columns, increased percentage by weight of the tailing part
at Ad, = constant does not affect the value of the plate height (see Fig. 2b).

Results of investigations aiming at finding out the effect on theoretical plate
height of increasing a symmetry of particle size distribution on the ascending side of
the curve are presented in Fig. 4. The measurements were made on silica gel fractions
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Fig. 4. Dependence of plate height on the contents of the fraction causing asymmetry on the
ascending side of the distribution curve at dpna:y = constant and Ad, # coastant. Conditions as
in Fig. 1.

5. Size distribution of silica gel particles (fractions T, W, Z and VII from Table H).
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within the [60-200 gm range and T, W and Z fiom Table fi. The particle size
distributions for these fractions are presenfed in Fig. 5. Fig. 4 shows the resufts for
ptateﬁclgﬁt under conditions of the greatest “sensitivity” of anafyficaf columns to
changes in 4d, for columns with 2 and 6 mm L.D. The efficiency of these columns
was not cﬁanged‘ in the mvestxgated range of the confent of the fraction causing

Analyqs of the diagrams in Figs. 22, b and 4 suggests that the change ia the
plate height value was mamly due to changes in the particle diameter in the mixtures
mvestigated. )

To chicek the validity of these statements, all results have been listed in Fig. 6
in the form of the dependence log # = f(log d,,). Fig. 6 shows that. the mean particle
size has a greater influence on the plate height value than has the particle size
range Ad, and the nature of the particle size distribution. The linearity of the
plotted dependence demonstrates that the empirical equation # =~ 4,8 for analytical
columns has been satisfied. As can be seen from Fig. 6, the value of the coefficient
B is ca. 1.55 for analytical and micropreparative columns of 2 and 6 mm I.D. and
1.2 for preparative columns of 17 and 50 mm L.D. Such values have to date been
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Fig. 6. Dependence of log H on log B,. Columns: (@) S0 mm LD.; (b) 6 mm LD.; (¢) 2mm LD,
Other conditions as in Fig. 1.
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determined under similar conditions only for analytical columns'¢*5, The fact that
Halisz and Naefe'® had obtained 8 — 1.8 for similar mobile phase velocities shows
that the packing technique employed by them had been less effective than the one
employed by us. The valuc of 1.34 obtained by Endele ez al.'® approximates ours,
bat these authors used particles with &, = 5-25 gm and had loaded columns by the
balance deasity method. The value § = 1.2 found by us for preparative columns
shows that the role of particle size is less important in preparative than it is in
analytical columns.

The values of the plate height in our stucies are of the order of 20 d,
for a sample with capacity factor, X” = 2.6 and mobile phase velocities several times
greater than the so-called optimum velocity. It is difficult to compare these values
with the theoretical plate heights obtained by other authors for smaller particles and
narrower fraciions, because the columns have usually been packed and separation
processes conducted by special techniques'-*®, and sample dosing had been uncon-
ventional!?-2%, The most comparable data reported are by Beck and Halis?? who
had also obtained theoretical plate height values of 20 4, for silica gel with
d, = 36—50 xm and substances with &' = 1.1.

ACKNGWLEDGEMENT

These investigations were supported by 2 grant from the Polish Academy
of Sciences (MR 1-14).

REFERENCES

. . Kirkland, J. Chromatogr. Sci., 9 (1971) 206.
. Martin, C. Eon and G. Guiochon, J. Chromatogr., 99 (1974) 357.
. Martin, C. Eon and G. Guiochon, J. Chromarogr., 108 (1975) 229,
. Coq, C. Gonnet and J. L. Rocca, J. Chromatogr., 106 (1975) 249.
Halasz, R. Endele and J. Asshauer, J. Chromatogr., 11w (1975) 37.
. Bristow, P. N. Brittain, C. M. Riley and B. F. Williamson, J. Ckromatogr., 131 (1977) 51.
. Guillemin, J. P. Thomas, S. Thiault and J. P. Bounine, J. Chromatogr., 142 (1977) 321.
. Bristow, J. Ciaromatogr., 149 (1978) 13.
9 W Beck and 1. Halisz, Z. Anal. Chem., 291 (1978) 340.
10 R. E. Majors, Int. Lab., 1112 (1975) 11.
11 R. E. Majors, J. Chronatogr. Sci., 15 (1975) 335.
12 M. Martin, C. Eon and G. Guiochon, J. Chromatogr., 110 (1975) 213.
13 M. Martic and G. Guiochen, Chromatogragkia, 16 (1977) 195,
14 I. Halasz and N. Nacfe, Anal. Ckem., 44 (1972) 76.
15 J. P. Wolff, I, Anal. Chern., 45 (19’3) 1248.
16 R. Endele, L. Halisz and K. Unger, J. Chromatogr., 99 (1974) 377.
17 E. Godbille and P. Devaux, J. Chromazogr. Sci., 12 (1974) 564.
18 C. H. Eon, J. Chromarogr., 149 (1978) 29.
19 J. J. De Stefano and H. O. Beachell, J. Chromatogr. Sci., 8 (1970) 434.
20 H. C. Beackell and J. J. De Stefzno, J. Chromatogr. Sci., 10 (1972) 481.

[ - (VI N P R
AIOTEEgg s

il g



