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SUMMARY

Narrow-bore tused-silica liquid chromatography columns with 1.D. < 300 um
and pached with <€ 10-gm particles in lengths from 10 em to o few meters can be
ciiiciently prepared. A I-m fused-silica column with 110,000 theoretical plates can be
pached with 3-um C, bonded-phase particles. Narrow-bore microparticle-pached
columns cuan be used in conjunction with a constant-pressure piston pump. a splitier
injector and an on-column UV absorbance detector. A 43 ¢cm ~ 300 gm [.D. column
packed with 3-pum C, bonded-phase particles allows baseline separation of an En-
vironmental Protection Agency priority pollutant minture containing sinteen poly-
nuclear aromatic hvdrocarbons. The use of the etfect of solhvent moditier(s) in the
sumple solution to improeve solute resolution. peuk detection. and celurmy selectivity
and to reduce analysis time of the narrow-bore microparticle-pached-column high-
performance liquid chromatography 1s proposed and demonsirated. The practical
importance of the solhvent etfect in narrow-bore pached-column high-performance
liquid chromatography is also discussed.

INTRODUCTION

Recent advances in high-performance liquid chromatography (HPLC) column
technology center on open tubular columns'™ and microparticle-short-packed col-
umns '°. The interest in open tubular columns is due to the following reasons: (1) a
10 1o 107 fold saving in solvent consumption compared with comventional pached-
column HPLC using columns of 1-3 mm [.D.z (2) higher resolution can be achieved
using long microbore columns: (3) minimum sample requirements provide the poten-
tial for trace analysis in cases of limited available sample volume. such as in the
analysis of biological fluids: and (4) the low flow-rates should facilitate direct intertuc-
ing to mass specirometers and flame-based chromatographic detectors!'. The ud-
vantages of directly interfacing with flame-based detectors are particularly important
due to the fuct that these detectors offer greater sensitivity and selecinity (elemental
specificity) than do conventional LC detectors. As discussed previoush ''. with the
use of open tubular columas of I.D. less than 30 pm. the resolving power. speed of
analysis and column peak capacity can be equal to or better than that achieved with
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the state-of-the-art S-um-particle-packed columns having a reduced plate height of 2
and a reduced velocity of 5 in a given analysis time. However, the stringent require-
ments imposed by microbore open tubular columns on the stability of the hydraulic
pumps at low flow-rates, nanoliter sample volume injection, submillimeter connector
tubing and subnanoliter detector flow cells present substantial impediments to the full
use of available column performance'®. In addition, columns with I.D. less than 30
um are difficult to prepare and have limited partition ratios (e.g., k less than 3),
sample capacities (e.g., less than | ug), column selectivity and ranges of applicable
sample mass and concentration. '

Compared with conventional 25-30 cm x 4-5 mm 1.D. LC columns. micro-
particle-short-packed columns (10 cm x 1-5mm 1.D.) packed with 3—10-um particles
offer some savings in solvent consumption. a decreased analysis time and enhanced
detection of solutes. However. the application of microparticle-s/iort-packed columns
is limited to samples containing not more than several dozen components, due to a
Iimited column-peak capacity and theoretical plate number. In addition, the direct
interfacing of such microparticle-packed columns to a mass spectrometer or a flame-
based chromatographic detector for solute detection and characterization cannot be
obtained ai the flow-rates used (1-10 ml/min).

It is the purpose of this paper to propose and to examine the use of columns
with L.D. less than 500 gm and packed with < 10-um particles in lengths from 10 cm
to a few meters. Narrow-bore microparticle-packed columns*, as suggested here. are
normally operated at the same linear velocity as conventional packed columns, 0.5-2
mmy/sec, dependent upon the particle size used. Because of the small 1.D., the volum-
etric flow-rates are between 0.1 and 10 yl/min. This low mobile-phase flow-rate allows
easy, direct interfacing of the column to a mass spectrometer'?*> and/or a flame-
based chromatographic detector’! so that more sensitive and specific LC detection
can be obtained. The proposed narrow-bore microparticle-packed column LC pro-
vides both the advantages of open tubular column and shost microparticle-packed
column LC in terms of solvent-saving. fast analysis, and minimum sample size require-
ment. In addition. the packed bed in the narrow bore column is stable due to the
difficulty of rearrangement and resettling of the tightly packed particles in a very
small cross-sectional area. The use of long columns (0.5-2 m) provides the high
resolving power and peak capacity required for complex sample analysis.

In this report, the chromatographic performance and practical aspects of nar-
row-bore microparticle-packed columns of I.D. ranging from 57 to 376 um and
packed with 3-, 5- and 10-um C,g bonded reversed-phase particles are evaluated in
conjunction with a constant-pressure piston pump, a splitter injector’ and an on-
column** {JV absorbance detector!®.

EXPERIMENTAL

A Varian Model 8500 high-pressure piston pump was used in the constant-
pressure mode. Flow-rates as low as 0.1 ul/min were obtained without any modifi-
cation of the pump. A 0.5-ul Valco (Houston, TX, U.S.A.) internal sample loop valve
was used for sample injection. The splitting of the injected sample was achieved by

* Patent pending.
** [J.S. patent application S.N. 223,445.
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Fig. 1. The modified Valco 0.5-ul internal loop sampling valve for split injection in narrow-bore packed
column HPLC.

utilizing the inlet of the narrow-bore microparticle-packed column as a split point.
which is located inside the housing of the Valco valve as shown in Fig. 1. Fused-silica
tubing (courtesy of Mr. Ernest Dawes, Scientific Glass Engineering) with I.D. ranging
from 57 to 376 um and with lengths up to 2 m was packed with 3-, 5- and 10-um C,g
bonded-phase particles using a slurry-packing technique. The reversed-phase octa-
decylsiloxane was chemically bonded onto the microparticulate silica before packing
into the microbore columns. The mobile phase used in the study was 70:30 ac-
ctonitrile—water under isocratic conditions.

A Jasco UVIDEC-III UV spectrometer (Jasco, Tokyo, Japan) with a time
constant of 0.5 sec in conjunction with on-column fiow cell detection!* was used as
shown in Fig. 2.

Experimental data collected in real time using a conventional chromatographic
data system were processed using a chromatographic column evaluation routine’® in
which chromatographic performance parameters such as peak width. retention time.
partition ratio, plate height, peak area, peak height, statistic moments. peak skewness
and peak asymmetry are calculated.

FUSED SILCA PACKED COLUMH\
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Fig. 2. Schematic diagram for on-column detection using narrow-bore fused-silica microparticle-packed
column. ;
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RESULTS AND DISCUSSION

Fused-silica columns were used as both the separation column and as the flow
cell for on—column UV absorbance detection. The use of the column end as an on-
column absorbance flow cell eliminates the need for column-to-detector connections
and provides a sub-nanoliter detector flow cell which contributes no significant band
broadening to the eluted peaks. The use of thin-wall flexible fused-silica tubing as the
E.C column material provides the following advantages:(1) good mechanical strength,
flexibility and, thus, ease of handling; (2) inlet pressure ranges up to 800 atm may be
applied and, thus, long columns can be prepared and used; (3) a smooth inner surface
minirmizes solute zone-spreading due to wall effects; (4) good chemical inertness and
low metal content minimize chemical and physical interactions between solute mole-
cules and the column walls; (5) good optical transparency allows visual observation
of the column packed bed as well as on-column absorbance detection in the UV
region; (6) small outside diameters of the fused silica columns allow easy interfacing
into injector and detector with minimum extra-column effects; (7) no connectors or
interface tubing are required if split injection and on-column detection are used; and
{8) columns can be coiled and thus the design of a column oven is simplified.

In addition, the temperature effect!> as normally observed due to the tempera-
ture gradient across the column cross-sectional plane and alorg the column axial
direction is minimized for fused-silica narrow-bore microparticle-packed columns.
The narrow column diameter, the thin fused-silica wall, and the low volumetric flow-
rates insure that heat generated by friction at high operating pressures can be rapidly
equilibrated with the ambient or column oven temperature. The absence of a signifi-
cant thermal effect allows the use of microparticles (< 10 um) and long column
lengths at high operating pressures for high column efficiency and resolving power.

Instrument:al extra-column zor~-spreading effects

Extra-column zone-spreading effects arise, in general, from three major sourc-
€s: injectors. connectors and detectors. Because of the small elution volumes (small
peak widths) and flow-rates in narrow-bore microparticle-packed column LC, the
cesign requirements for a narrow-bore microparticle-packed column liquid chromato-
graph are quite stringent. In this work, no column-to-injector and detector!* interface
tubings were used. Split injection utilizes the narrow-bore packed-column inlet as a
splitter such that a fraction of sample is split to the column and the remaining frac-
tion is purged to waste. Injector dead-volume effects are minimized at high injector
flow-rates and split ratios.

On-column detection!* uses the column end as a detector ﬂow cell for optical
detection. The extra-column zone-spreading contribution to the percentage loss in
peak resolution., Y AR, can be expressed as

sy s 1142 R
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where H' and H are the height equivalent to a theoretical plate for the flow cell and
the column, respectively, and L’ and L are the entrance/exit slit length for the detector
flow cell and the column length, respectively. For a column of circular cross-section,
as an example, A" can be calculated according to eqn. 2:
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where r, F, and D_, are the column radius, the mobile-phase volumetric flow-rate, and
the solute—mobile phase binary molecular diffusion coefficient.

Assuming a 1 m x 200 gm LD. narrow-bore packed column of 5-um C,4
bonded-phase particles, a reduced plate height, #, of between 2 and 8 can be obtained
at a flow-rate of 1 ul/min. The percentage loss of resolution, % 4R, against reduced
plate height, &, using on-column detection with a 0.3-cm entrance/exit slit optical cell
height and a 200-um light path-length is calculated and given in Fig. 3.

%AR,

-
b

e
0o 2 a4 6 8 10
h
Fig. 3. Theorctically calculaicd percentage 1oss in peak resolution using on-column detection for a 5-pm
particle I m x 200 pm I.D. packed column. A 300 x 200 um I.D. on-column detector flow cell was

assumed.

Fig. 3 indicates that a 300 x 200 ygm L.D. cylindrical on-column flow cell
contributes ca. 3%, to the loss of peak resolution obtained by a 1 m x 200 pgm I.D.
narrow-bore microparticie-packed column having a reduced plate height of 2 and
particle diameter of 5 ym. The loss in peak resolution is greatly reduced for columns
of lower efficiency. For example, the same on-column detector contributes less than
1% loss to the peak resolution if the column has a reduced plate height of greater than
6.5. Experimentally observed reduced plate heights for the narrow-bore microparti-
cle-packed columns reported here ranged from 3 to 6, and so the on-column detector
contribution to the loss of peak resolution was ca. 1-29(.

The injector could become a major source of extra-column zone-spreading if
the internal volume of the injector cannot be effectively swept by the mobile solvent.
Effective sweeping of the internal volume of the injector can be achieved either with
high split ratios or with high mobile-solvent flow-rates.

Fig. 4 shows a comparison of the plate heights, H, vs. partition ratios, &, for
polynuclear aromatic hydrocarbon (PAH) components eluted from a 30 cm x 376
pgm LD. narrow-bore column, packed with 5-um C,4-bonded-phase silica gel par-
ticles. Direct injection was obtained by using a Valco loop valve with a 0.5-p internal
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Fig. 4. A comparison of injector dead-volume effect on zone-spreading for PAH samples: benzene, k” =
1.26; toluene, & = 2.235; naphthalene, & = 2.75; fluorene, &” = 3.4; phenanthrene, &* = 4.8; pyrene, k™ =
5.7. Column mobile solvent (70:30 acetonitrile-water) and splitter vent flow-rates were 9.24 and 10.9
pl/min, respectively. A 30 cm-x 376 um I.D. column packed with 5-um particles was used.

loop volume, where the injector mobile flow-rate equals the column flow-rate at 9.24
pljmin. Split injection was obtained by splitting the injector flow-rate of 20.3 ul/min
at 1.2 to 1, and it allowed a 9.24 ul/min mobile-phase flow-rate in the column. Plate
heights obtained by using direct injection were nearly 10 9/ higher than that obtained
by using split injection.

At low column mobile-phase flow-rates, the injector dead-volume contribution
to solute zone-spreading conld be substantial if a long residence time in the injector
were allowed for the sample. Fig. 5 shows the injector dead-volume effect on the
measured plate heights for the same sample and conditions as that for Fig. 4, but the
column fiow-rate is 3.5 gl/min. The plate heights obtained by using direct injection
ranged from 25 to 759, higher than those obtained by using a 2.1 to 1 split injection.
A conventional direct injector (loop valve) is obviously not satisfactory if narrow-
bore microparticle-packed columns are to be operated at their optimum ecfficiencies.
A 2.1 to 1 splitter has a significantly reduced injector dead-volume effect at low
mobile-solvent flow-rates. However, the negative slopes of H vs. £” on Figs. 4 and 5
indicate that a significant degree of solute zone-spreading is the result of the injector
dead-volume effect. High split ratios (e.g., > 10 to 1) are desirable if no zone-spread-
ing contribution from the m_;ector is allowed and if low column mobﬂe—phase flow-
rates are used. - - -

C‘ olumn efﬁczency Versus column inner dlamerers
Column efficiency in terms of plate height'is compared in Flg. 6 for columns
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Fig. 5. The effect of injector dead volume on the measured column efficiency in terms of plate height, /.
Column and mobile solvent used were the same as for Fig. 4. Column mobile phase and splitter vent flow-
rates were 3.52 and 727 pl/min, respectively.

with 130-, 210- and 310-pym I.D. columns packed with the same 5-um C,; bonded-
phase particles under similar slurry-packing coaditions. All three columns were 1 m in
length. Three of five columns of each I.D. size were studied.

The performance of the 210-uym column at low flow-rates is superior to that
obtained from both 130- and 310-uzm columns. A reduced plate height of 4.4 was
measured for the 210-um column and a reduced plate height of 5.5 was obtained for
the 130- and 310-pm columns. The reduced plate heights reported here, however,
were two to three times higher than the commonly assumed optimum value of 2. The
column packing procedure thus requires further optimization. Even so, long columns
can be used and good reproducibility in column efficiency was obtainable, under the
same conditions.
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Fig. 6. E’er"ormanoe of 5-um M.xcto?ak MCH-5 'e\e':sed-phase packmg in narrow-bore packed columns.
Test compound was pyteae atk’ =5.7. ’
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Fig. 6 also shows that the slope of H vs. #for the 310-um column is the highest
among the three studied here. This could indicate a non-uniform packed bed due to
the non-optimized packing technique used here. Columns of 130 pm I.D. had the
lowest slope of H vs. i This indicates that the smaller column L.D.. the smaller the
flow-rate effects. The short narrow-bore microparticle-packed column of 130 pm 1.D.
would thus be the best among the three for operating at high flow-rates for fast
analysis.

Resolving power of microbore packed columns

The resolving power of conventional packed columns is limited by the total
available column theoretical plate number. Conventional 5-um particle packed col-
umns with a length of 30 cm can generate 15,000 to 25,000 plates. Recently developed
3-um particle packed columns, availabie in 10-15 cm lengths, generate 10,000 to
26.000 plates. Complex sample analysis with baseline resolution of most components
can be difficult using conventional packed columns limited to less than 25,000 plates.

The van Deemter plot for 1 m x 330 um I.D. columns packed with spherical 3
um C, ; bonded silica particles is shown in Fig. 7. (RoSil, courtesy of Dr. M. Verzele,
State University of Ghent, Belgium). A minimum plate height of 9.7 um correspond-
ing to a reduced plate height of 3.2 was obtained. The total column plate number
exceeded 110,000 for the flow-rate range studied. The flow-rate did not significantly
affect plate height in the range 0.5-1.5 mm/sec.
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Fig. 7. Performance of a 3-um C, 3 bonded-phase particle 330 ym I.D. packed column. Test compound was
pyrene.

Application of the high plate count availabie in such a long, narrow-bore
packed column is demonstrated in the isocratic separation of an Environmental Pro-
tection Agency (EPA) priority pollutant mixture of sixteen PAH components, shown
in Fig. 8. Baseline resolution of the PAH mixture was obtained using a 50,000-plate,
45 cm x 330 um I.D. column packed with the 3-um C,; material (RoSil) discussed in
the preceding paragraph. The mobile phase was 70:30 acetonitrile—water and the
flow-rate was 3.7 ul/min (Z = 1.2 mm/sec). The high plate count of the long micro-
column was necessary to achieve baseline resolution. of the PAH pair
benzolalanthracene/chrysene (peaks 9, 10).

Solvent usage in the PAH separation was 600 pl for the 180-min separation.
This represents a solvent use reduction of 65 fold relative to a conventional 15 cm X
4.6 mm I.D. column packed with 3-um C,4 malenal, generating only 20,000 piates.
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Fig 8. Separation of sixteen-component PAH mixture on a 50,000-plate, 45 cm x 330 pm L.D.. 3-um C,
packed column. Peak identifications are: 1, naphthalene; 2, acenaphthalene; 3, acenaphthene; 4, fluorene;
5. phenanthrene; 6, anthracene; 7, fluoranthene: 8, pyrene; 9, benzofglanthracene; 10, chrysene; 11.
benzofbifluoranthene; 12, benzol4]fluoranthene; 13, benzo[alpyrene; 14, dibenzola,hjanthracene; 153,
benzo{ghilperylene. 16. indeno{l.2,3-cd]pyrene.

Solvent effect in narrow-bore column HPLC

In column LC, the use of solvent and solvent modifier(s) to improve column
selectivity and resolution of sample components and to reduce the analysis time of
well-retained components are practised either by premixing the solvent and its
modifier(s) in isocratic operations or by step or linear solvent programming in pro-
grammed elution chromatography. To date, there have been few reports'”-!® on the
use of solvent or solvent modifier(s) in the sample solution for the improvement of
solute resolution, column selectivity and reduction in analysis time. In general, because
of the large column cross-sectional area and mobile-solvent flow-rates used in conven-
tional column (4-6 mm I.D.) HPLC, a large volume of solvent modifier(s) in the
sample would be necessary in order to exert an appreciable solvent effect. This large
volume of solvent modifier(s) in the sample solution may precipitate the sample
components and disturb the equilibrium of the phase system at the head of the column.
In practice, the same solvent as the mobile phase is used to dissolve the sample solutes
and to prevent such problems. For trace analysis, on-column trace enrichment utiliz-
ing weak solvent for trace-component preconcentration at the inlet of the column has
been reported!®. However, its application has been limited to enhancement of sample
detectivity, and the use of step or linear solvent programming was necessary.

- Narrow-bore packed column HPLC as proposed here utilizes columns of 1.D.
less than 500 pgm, and packed with < 10 gm particles in lengths from 10 cm to a few
meters. Because of the narrow bore of the columns, low mobile-solvent flow-rates in
the range 0.1-10 zd/min are used. This low flow-rate and the limited surface area of
the narrow-bore column packed bed allow easy and effective modification of the
mohbile-solvent system by the injection of a2 small amount of solvent modifier(s) into
the column. The solvent modifier(s), in practice, can be injected as one of the solvent
components in the sample solution or as a sample into the column at the time the
modification of mobile solvent system is desirable. :
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An example of this technique is shown in Fig. 9, where pure methanol at a flow-
rate of 3.1 pl/min was used as the mobile solvent for the elution of a sample mixture
containing ca. 10-50 ng each of benzenethiol, hexanethiol, octanethiol annd dodecane-
thiol in methanol solution, or in methanol plus a modifier (methylene chloride or
water) from a C, gchemical-bonded reversed-phase on 5-um-silica-gel-particle, 50cm x
250 um I.D. narrow-bore packed column. The mobile-solvent hold-up volume mea-
sured for the column was 14.8 ul. Sample sizes injected were 0.6 ul for all experiments.

a b k-3 i
50% 17% 10% 10036 17% 43%
CH,CL; in CH,OH CH,CL; in CH,OH CH,LCL, in CH,0. CH,OH H,0 in CH,OHj H.0 in CH,OR
L
/CH:Cle q
a 1l° L 1] L 2
TR, min

Fig. 9. Solvent effect in narrow-bore column HPLC. Solutes are 1, benzenethiol; 2, hexanethiol: 3. oc-
tanethiol and 4, dodecanethiol. Solvent modifier peaks are identified in Figs. 9a and 91. Solvent modifiers
and their concentrations are shown. The sample volume was 0.6 pl for all experiments. Methano! was used
as mobiie solvent. A C,, chemicai-bonded reversed-phase 5-um silica-gel particle packed column (50 cm x

250 pm 1.D.) was used.

The example demonstrated in Fig. 9 shows the effects of a strong and a weak
solvent modifier on both the retention and resolution of the thiol components. First,
with the use of a strong solvent modifier such as methylene chloride in the sample
solution, the solubility of the solvents into the mobile solvent is increased. The effects
of the strong solvent modifier are thus a reduction in the analysis time and the loss of
resolution for those components eluted right-after the solvent modifier(s). The ef-
fectiveness of the strong soivent modifier on the loss of resclution and the reduction
in the analysis time depends on the amount of the solvent modifier iniected into the
column. As shown in Fig. 9c, a 109, methylene chloride” (modifier) in methanol
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sample does not have a significant effect on either solute retention times or resolutions
from that obtained (Fig. 9d) using pure methanol as solvent for both mobile phase and
sample solution. However, as shown in Fig. 9b, a 17 9/ methylene chloride in methanol
sample solution was observed to reduce the retention times of the thiol compounds by
more than 20 % and to reduce the resolution of benzenethiol, hexanethiol and octane-
thiol. Near complete loss of resolution of thiols as shown in Fig. 9a was observed
when a 50 %9 methylene chloride methano! sample solution was injected.

In the case of the use of a weak solvent modifier (e.g., water) in the sample
solution, an on-column focusing of the injected solute zone is obtained due to reduced
solubility of sample solutes in the mobile solvent. This on-column focusing of the
initial solute sample zone results in a significant improvement in peak resolution and
allows a large sample volume to be injected into the narrow-bore packed column with
minimum injector-dead-volume and sample-volume effects on the column efficiency.
Fig. 9c shows the resolution and peak shape of the thiol compounds obtained under
the same conditions as that for Figs. 9a-d, except that the injected 0.6-ul sample
mixture contains 17 9} water in methanol. A dramatic improvement in solute resolu-
tion, a reduction in solute peak width and an enhancement in solute sample detection
due to a narrower peak width and less mobile solvent dilution were demonstrated.

A comparison of Figs. 9d and 9e in terms of the thiol retention times suggests
that 0.1 gl (ie., 17% of 0.6-u sample injected) of water injected into a 50 cm x 250
pm I.D. 5-um particle packed column at a mobile solvent (methanol) flow-rate of 3.1
ul/min is just sufficient to allow solute initial zone focusing at the inlet of the column.
There is no significant effect on the reiention of those thiols eluted near the solvent
modifier (water in this case) peak.

By increasing the amount of solvent modifier injected into the column, the
mobile-solvent system in the front portion of the column is modified and the sol-
ubility of the solute compounds in the mobile solvent can be adjusted to achieve
higher capacity ratio (%), selectivity, and resolving power (R) for the solutes eluted
right after solvent modifier. Fig. 9f shows a baseline resolution of benzenethiol. hex-
anethiol and octanethiol obtained by increasing the water comcentration in the
sample mixture to 43 9. The amount of water injected into the column in this case is
0.26 g, or 1.7% of the column free volume. This relatively high volume of water
injected into the column provides not only the on-column focusing of this initial
solute zone but also the effective modification of the mobile-solvent system during the
time that solutes remain in solution in water—methanol mixed solvents. As a result,
better resolution and near 109/ increases in retention times for those thiols eluted
near the water peak were observed. It should also be pointed out that the use of weak
solvent modifier in the injected sample will affect the peak shape (due to on-column
focusing) but not the retention time of those well-retained sample components be-
cause the time spent by those well-retained solutes in solution in the solvent-solvent
modifier mobile-phase system is short relative to their retention times. The total
analysis time for solutes with partition ratio higher than 2 is normally not affected by
the utilization of the weak solvent modifier for improving solute resolution, column
selectivity, peak width and detection. The solvent effect demonstrated above in nar-
row-bore-column HPLC could also be applied to conventional packed column
HPLC by scaling up the amount of solvent modifier needed according to flow-rate
and column cross-sectional area ratio to be injected to achieve the solvent effect.
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The practical importance of the suggested solvent effect in narrow-bore-
column HPLC are: (1) the injection of a strong solvent modifier at the time of sample
injecticn or at any desirable time reduces the analysis time of a well-retained sample
without using a multicomponent solvent programming system, and thus, a single-
pump hydraulic system could be utilized in narrow-bore-column HPLC; (2) the use of
strong solvent modifier allows beiter peak detection due to less dilution of solute
zones; {3) the injection of a weak solvent modifier at the time of sample injection or at
any desirable time enhances peak resolution, and thus difficult and complex sample
separation can be obtained; (4) the use of a weak solvent modifier allows on-column
focusing and thus improves solute peak width and detection; (5) the use of a weak
solvent modifier will not significantly increase the analysis time of well-retained com-
pounds; and (6) a single mobile solvent or mixture of solvents in the pumping system
minimizes solvent waste, exchange solvent difficulties, and cross-contamination of the
narrow-bore-column HPLC system.

CONCLUSIONS

High-efficiency fused-silica narrow-bore columns packed with < 10 um par-
ticles in lengths of up to a few meters can be prepared. The long length narrow-bore
packed columns allow extremely high resolving power and peak capacity for the
analysis of complex samples. A 1-m column with 110,000 theoretical plates was
prepared and used in conjunction with a constant-pressure piston pump, a splitter
injector and an on-column UV detector.

The use of fused-silica tubing for column material allows on-column optical
detection and eliminates the column-to-detector connector and interface tubing. Op-
timum performance of the narrow-bore microparticle-packed columns can, therefore,
be obtained.

MNarrow-bore packed columns with 3- and 5-pm particles have minimum plate
heights of ca. 10 and 20 gm, respectively. Further study in the optimization of column
packing techniques may allow more efficient columns to be prepared. Narrow-bore
columns packed with 3-um spherical C,; bonded-phase particles achieved over
100,000 theoretical plates for a 1-m column. A 0.45 m x 330 gm I.D. 3-um particle
packed column allowed baseline secparation of an EPA priority pollutant mixture
containing sixteen PAH components.

The use of solvent effect in narrow-bore packed column HPLC, by the injec-
tion of a solvent modifier at the time of the modification of mobile-solvent system, is
desirable in that it allows a single-pump hydraulic system to.be utilized in narrow-
bore microparticle-packed column HPLC for enhancing speed of analysis, solute
detection and solute resolution.
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