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SUMMARY 

A modular packing system for packing analytic4 and semi-preparative scale 
columns has been constructed. Columns were packed with microparticulate silicas 
using different slurry media. Optimum results were obtained with carbon tetrachloride 
as the slurry medium using a packing pressure of20.7 MPa (3000 p.s.i.g.) and a slurry 
concentration in the range l-10 oA w/v_ Various methods of sample introduction were 
investigated. Highest efkiencies were obtained using syringe injection, but comparable 
performance can be achieved with valve injection if a split-stream technique is used. 
Plate heights of between 2.5 and 3.5 particle diameters were attained with II-, 6- and 
3.7-pm particle sire silicas in 0.10-m x 4.5mm&D. columns. The use of wider-bore, 
9.5-mm-I.D., columns gave plate heights of 2 particle diameters and up to 30 effective 
plates per second at a linear velocity of 1.5 mm/set. 

INTRODUCTION 

The realisation of optimal perf~rmance~from columns packed with micro- 
particulate silicas is dependent on many factors, such as the slurry packing procedure 
employed, the column dimensions and the method of sample introduction. 

Many previous worlcersz-U have reported results with lO- aad 5-,~m particle 
s;Ze silicas,_ although the quoted efhciencies have varied widely. It can only be con- 
cluded that this is due to diEerences in the efficacy of various packing procedures and 
to such factors as extra-column effects and methods of sample introduction. The use 
of sub-5-pm materials should result in the achievement of higher eEciencie@~r4, but 
few results on the performance of these materials have been reportedg.u. 

At present there are few comparative data on the effects of some factors that 
can influence column performance, whilst there is diversity of opinion on other factors, 
such as the packing procedure_ Several slurry-packing procedures have been-developed 
over the past fives years, including the balanced density~technique’~3*7*8 developed by 
majors, Kirkland’s stabilised slurry procedurez*“stz and the viscosity method of 
Asshauer-and EIaldsz7; The use of low-viscosity singk-component solvent systems has 
~afso been zxdvocated; these include hexane8, chloroforms, methanoP5 and carbon 
tetrachloride’“*u.-Recommended packing pressures have ranged from 13.8-69.0 MPa : 



(Z&XXI -to lOJ?M p.s.i.g.)x.2.5.s~15.‘q whilst the slurry con-trations have-variedbe- 
mm 5 and 30% w[vL3.0.?,1%ZZ_ .- I 

The methoii of column lxmin~tion and sampb introd&ion~is of great .impor- 
~zIsIG?*~~, as poor design here can result in a very adverse ef&t on the resultant col- 
umn perfoln;ance. Kirkland4 demonstrated that the fewest plate heights were ob&ed 
by injection of the sample directly into the top an{ centre of the &lumn ~packing using 
a microsyringe. This technique is not suitable for routine operation bee&se of distur- 
bance to the column bed, though Kirkland subsequently showedthat results equiva- 
lent to on-column injection could be obtained by using 2 stainless-steel screen on the 

~lumn inlet. Coq et QL’~ demonstrated the desirability of injecting the sample directly 
onto the column packing. The use of vaive injection is attractive for routine 2nalytical 

operz;tion though few comparative data on syringe and valve injection methods are 
available, while no procedure for optimising valve injection appears to have been 
reported. 

The effkct of column bore on resultant efficiency has been the subject of several 
papers following Knox and Parcher’s development ofthe “infkite diameter” con~ept~~. 
DeStefano and BeacheWLg subsequently demonstrated wiffi the use of large particle 
size silicas (Zipax (37 pm and Porasil A 35-75 pm) that improved column perfor- 
mance could be obtained using 10.9~mm-bore columns in place of 2.1~mm-bore col- 
umns. Few data have been reported, however, on the use of columns of wider bore 
than 5 mm packed with microparticulate s&as. 

The purpose of this work was to further study 2 number of the variables in- 
volved in the production and operation of high-performance microparticulate silica 
columns with the aim of achieving optimal 2nd reproducible performance. 

EXPERIMENTAL 

The chromatographic solvents, isopropanol, dichloromethane 2nd hexane, 

were of reagent grade 2nd were used without further treatment. Methanol of analytkd 
grade wzs used 2s received whilst reagent grade carbon tetrachloride was distilled in 
2 glass apparatus before use. 

The silicas used were Partisil 10, Partisil 5 and Partisil 3 (Whatman, 
Maidstone, Great Britain), the latter being an experimental material. 

Columns were made from 316 grade seamless stainless-steel 6.3.5-mm-0-D. 
(l/4&.) x 4.5-mm-I.D. and 12.7-mm-0-D. (l/2-in.) x 9.5-mm-I.D. tubing (Tube 
Sales, Southampton, Great Britain) of the requisite length. This tubing was rotated 
ia 2 lathe at loo0 rpm 2nd the inter& surf2ce honed and polished bqs meatis of-de- 
burring brushes or Flex-hones (Micro (Leamirgton), Stroud, G~2t BriGtin) of.suit- 
able diameter. The ends of the cohmm were ti2chined fM 2nd the tubing was d& 

greased in chloroform in an uEr2soni~ bath. 
The 6.35-mmrO.D. (l/4-in_) columns tiere terminated 2s s&&n m-&g:2 vvi&h 

a_ 6.35mm-0-D. (l/4%.) stainiess-steel frit of 2-pm-port: Size (Whatman) &ted mto _- -. 
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a &xg deadl.voiume (ZDV) 6.35&m &?-in.) td~ IA-mm -(l/r6--in.) reducing Knion 
‘fWha$~an), whilst the 12.7~mm-0.D. -(l&in_) eolv were terminated as shown 
in- Fig. 5. Compression tube fittings (Swagelok or Gyrolok) were used throughout. 

Fig. 1 shows a schematic representation of the packing quip-ment. The Haskel 
DST-122C pump (Olin Energy Systems, Sunderland; Great Briti) was fitted with 
a solve& reservoir and mounted on a framework whicti also supported the packing 
assembly. Nova Swiss @Iin Enera Systems) high-pressure components and fittings 
were *used throughout. S&e &wings of the two designs of packing assembly are 
s&m in Figs. 2 and 3. The system shown in Fig. 2, which was used with slurry con- 
centratioris up to 10% w/v, was constructed of three main components, viz., a top 
section, interchangeable middle sections 40 mm, 90 mm, and 190 mm in Iength giving 
slurry capacities of 20 ml, 50 ml, and LOO mi, respectively, for packing columns of 
different bores and/or lengths, and interchangeable bottom sections fitted with the 
appropriate couplings for packing 6.35~mm-0-D. (l/&n.), 12.7-mm-O.D. (f/2-in.), 
an& 25.~mm-0.D. (l-in.) columrrs. The system shown in Fig. 3 was used with slurry 
concentrations greater than 10% w/v_ 

Fi 1. Schematic represent&ion of pa&kg equipment 

_ For packing 0.10-m x 4.5~mm-I.D. colmnns the slurry was prepared by weigh- 
ing -1.3 g of silica into a test tube and adding 15 ml of the slurry medium -carbon 
tetrachloride, methanol or 0.001 _M ammonium hydroxide. The slurry was s-baken 
and the test tube placed in an ultrasonic bath for 1-2 min. The packing assembly (Fig. 
1) was disconnected at the check valve and the top section of the slurry vessel (Fig. 2) 
was removed. The column blank was capped with a 1.6~mm (f/lB-in.) plug, con- 
nected to the bottom section and Hled with slurry medium. The slurry was intro- 
duced into the reservoir, the test tube was washed out with a further 5 ml of slurry 
me&m, the top section was bolted into position and the connecting tubing was filled 
with slurrytiedium by means of a syringe. The remainder of the system was GlIcd with 
Shn-ry medium by pumping through the ace-way check valve. The stop/flow valve 



= 



.Greeg Wire Weaving, Warrin&toq, Great Britain) presskd into position on top of the 
.- pa&k& A 4-&n+ick pini of 35-pm-pore S&C+ PFFJZ (Field fnstruments, Richmond, 
--- Greqt &%a&~) of the’appropriate’diamet~r wastheti pkssed into the column and the 

e&e& w&.~&&n&d w$h a ra.z& blade-to Ieavk ti fEu$Gni&h at the top of the coiur&~ 
fie’ @&mins p&&e&using ca&n t&ic~ori(e ‘and .m&anol & the slurry medium 
y&e cundkioned before tis& by-washing with 1.m.rnI of the mobile phase; whilst those 

1: $&zd u&g O&III M ammbni& hydroxide- were w%hed with .I@ mI methanol, 50 
iti-di+hyI;elier, folJowed.by 100 r$of tee. mob@phase. -. 



.mL;jpmd &~~~~~&pj&f equijment .- --. .-I.: : _ .--y . . 1: -I 1. -‘y_-- : Ii_ IT:-;.-‘-, ..~ 1.. ... ., .;;: 
The IiC equipment ivas labor&or$ &sembted from%~e&al and -wo&sh6p : 

:&nstnicted cc&&en& T&i &ye~t ~&live& s$.&f ~&iite&:bf .a :Ml?c, S&s iI::- 
-. Micro-pump fitteckwith Lsiz.2 high-p~s.ti.pu& bed (h&t&g &m&i-L~&d&d,’ 

Great Britain)i Pu&e. daqiing. wa$ effected by thec.com$&ion of a; Bou&&:t$+ 
1 pr&Uie gauge +a-koiled-length (25 m. X ci.25 mm’&J3.) of s.tainkss~s$$ *pi&q, 
tubing ~(Scientifk~ Glass Engkering,. London; Gre& .Brit&$ A. Cecil, CE YZl2: 
variable-wavelength UV tionitor (Cecil InSfxuments, -bridge, Gix+t &ita&j~ ’ 
fitted with a g-p1 flow cell was u&d as the detector. The standard mqtai cell c&p&t- 
ment iid was replaced .with a lid (see Fig. 4) cotitructed frtim Heron &&de Tufnol 
(Tufnoi, Birmin~&aq Gre+t Britain), made. in two overlapping sections to $.low &sy 
access to the ceil compartment, tind held in position by magnetic strip. The 4.5-e- 
I.D. columns were fitted directly into the c&l compartment (See Fig. 4> and linked @ 
the S-~1 flow cell by 35 mm of capillary PTFE tubing (I;6 mm 0.0. x 0.3 mm I.D.), 
w%lst the 9.5-mm-I.D. columns were coimected with capillary FTFE tubing which 
terminated at the base of the stainkss-steel frit (see Fig. 5). 
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Fig 5. Cobnn fittings for a column of 12.7 mm (f in.) O.D. 

introduction valve (Spectioscopic Accessory Compmy, SidcuF, Great Britain) in 
corqbination with the split stream arrangement shown in Fig. 6. With the 9.5mm-I.D. 
columns sample introduction was accomplished by means of an injection tee (see 
Fig. 5) of similar design to the MACC II injector. 

Investigation of column parameters 
The e&&s of the various parameters on column performance were determined 

by measuring the column efficiencies achieved when chromatographing a test mixture 
of o-,_m- and p-&roan&e on 0.10-m x 45mm-I.D. columns using IPA-CH&&- 
hexan&(l50:49) as the Gobile phase, a Cecil CE 212 monitoring at 254 run as the 
de&or, and the syringe injection technique shown in Fig. 4, unless otherwise stated. 

The remIts from a comparison of the use of carbon tetrachloride, methanol 
md &Ol M &nmonium hydroxide as the shmy media q shown iz Table I. For alI 
@J&U& &vestigations -&bon tetrachloride was used as the slurry medium-Tables 
If tid m ilhzstrate the eff’ts of packing pressure and slurry concentration on resul- 



Fig 6. SpLit .S~Y+U arrangement for valve injection. 

tat col& eBkie&y. The chro~&tograp& performances a&ieved with iCr, 5- and 
3.7~pm-particle size silica are shown in Table V, whilst the +3&ts ]of sample &r@xc- 
tion technique and~culmnn bore size ark illustrated in Tzbles IV and VI, respectwefy. 

i+feawreinent of cihmra perforpnance 

The vahies of k’, fR, and .N quoted in the tab& spy .the mean vatueS obtained 
from three injkctions’.of the test mixtu&.The mezrsuremen~ of N Was beed on the 
h&height equationzo, whilst the de&&ions for k’ and N&/s& have been pUblished 
previ~usly-‘*2. 

. The d&&n of the packing ksembly (Fig. 2) was based OQ that if R&tidzl, 
but it was consfti&ed on a niodulsir basis using interchange&fe s~tiofis to allow 
both an++icd z&d preparative-s&e columns go be packed: 

The .stndiis Of -slurry medium, pwking preSswe, and slurry c&e&ation 
.(Tables-:I-@) Were carried out. at linear yel+itieS between 3 and 4 mm&c, reSu@g 
in mobile phase Bow-rates for’0l iO-m . X $.5-m@-I.D. columns of 4 nil/II@ This 
line& velccit$ wa2 .&lec$ed a~ it is typiczl of that.used xvi* tee O.$~-E& cofti.ns.th&t 
a& *outine& em$o&d id this la&rat$?~&, g&&g a good co~inp’~o+i* betkeri colUmn 
i3%kkn~~anii sp&d~;df’&i&~,- i.e., .between plate heigh% e, kn~~fE?eSn&& of.&. 

: htive platezip& Seconc& 
.- .: ..- 

.- 



-- i.c-~&RmcEqN iGix%a3~~cu~~-~cA 6zl%ime -2% 
_- _I - 

_- 
--- 

shb& t.x&nn~qu~b~on time+ dti~ongb the use.oCwater as m&et is known 
to &fq bij@ir IzAE+&s isid .gik&er sefdiT@ &x some_kstancesGz. 

The comparfson of three s&ry me&i @e Tabfe Q ckady demonstrates t&e 
~sqetior pert’ormance obtained wr’th ~carborr t&rach+tide_- T&is s&my me&um was 

_ wed fir aiI iier stud&s. Addition of s~jlka to carbon tetrachforlife gave a trans- 
bicen~, &Wiinous suspension wXch settled only sfowX$ and w&h n0 visllie evidence 

- ofp&ticIe sike fkactionation. .Tbis contrasted wit& the use of metbamf and U.BBI M 
amm6tium hydroxide, where rapid sed&rt&tati&n occurred, Ieaving a milky suspen- 
sion of “fines”_ This partkre size segregation w_q Drobably the cause oftbe Zess e3i- 
cient and non-gaussian shaped-peaks obtained with coIumns packed using these slurry 
media. 

TABLE 1 

EFFEm OF SLURRY h4EDXi-M ON RESULTANT COLUMN EFFICfENCY 

Packing materk& Piz.rtisil5; co!umn packing pressure, 31.0 Mpa (4500 p.s.i.g.); slurry concentr2tion, 
8.7% w/v_ (a) and (bj refer to imiividud 0.10-m x 4.5~mm-I.D. cohmns. 

opefati~ S&n-y meaYum 

WlX&IhS 
c&&tz MelhanoI 0.001 M 

lefracflfoiide ammont~~~ hy&oxi& 

-operating 

pressure (ME%) (a) 5.9 (850)’ 5.9 (850) 6.9 (IWO) 
(b) 5.9 (850) 5.9 (850) 6.6 (950) 

Flow-rate 
(W;nin) (a) 2.14 2.14 2.11 

(b) 2.14 2.07 2.01 
Linear velocity 
(~/sec) (2) 3.47 2.82 3.21 

@) 3.70 3.24 3.14 

Parameter Salute” 

a- m- P o- m- P- o- m- P 

K (a) 0.60 203 2.45 0.62 212 2.54 0.62 2.07 2-49 
(b) 0.66 221 260 0.66 213 2.59 0.62 2.@3 2_# 

tic (min) (a) 0.77 1.46 1.66 0.96 1.U 2.09 0.84 1.59 1.81 
(b) 0.74 1.43 1.61 0.86 1.62 1.86 0.87 1.62 1X4 

N (a) 5400 5700 56QO 2700 3500 3900 3600 3900 4200 
(b) 4900 54aO 5700 2600 3100 3200 3500 4100 4400 

ff &a) (a) 18 17 18 37 29 26 28 26 24 
(b) 20 18 17 39 32 31 29 24 23 

&Cl== (a) 16 29 28 7 i5 16 IO 19 20 . 
(b) 17 30 31 8 15 -15 io 19 20 

l The f@res in brackets represeat pressures in ps_i.g 
*= a-;/n- andp-rlftrozxamles. 

A study of the efE& of packing pressure (Table II) using a skry concentration 
of -8.7 % w[v in-carbon tetrachloride gave less detitive resuks, wi+ column perfor- 
manqts&ing mm@rabie fir p&zEng pressunq b&men 23.7 and 4.4 &Pa_ AEtbou& 
the e ofI&her press& might be expected t& give a denser packing bed arid hence 

-- 
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operating. 
pressure @s-Pa) (a) 59 WO)” 55 (800) 5.9 (MO) 5.9 (850) 

. .@I. 5.5 (goo) 5.5 (Em) 59 (SSO) 6.2 (900) 

Fhw%2i*. 
(lnI@ixl) .(a) 2.11 2.11 2.24 _ 2.14 

-(b) 2.14 2.07 2.14 2.14 
LimarveIacity 

. . me=4 -- (a) -3.51 3.40 3.47 3.70 
: .@) 3.47 3.30 3.70 .- 3.62 

i3zmneter~ .- S&tie” 

o- f?Z- P- o- m--P- C?- m- p- o- /?Z- P- 

K .. (a) 0.63 2.14 254 0.66 219 2.60 0.60 2.03 2.45 0.66 2.19 2.61 
(b) 0.63 216 2.55 0.64 2.13 2.54 0.66 2.21 2.60 0.61 2.11 2.52 

&dy$Q '(a) 0.78 I.49 1.68. 0.82 1.57 1.77 0.77 1.45 1.66 0.75 1.43 1.62 
(b) 0.78 1.52 f JL 0.83 1.58 1.79 0.74 1.43 1.61 0.74 1.43 1.62 

..g:. .I-. .-; : -(a). 5800 5600 5600 6X-O 5700 5900 5400 5700 5600 4700 4!xlO 4800 
<b>. 5800 5300 sm- xiiJo $700 5800 4900 5400 5700 4300 4300 4200 

-;H-(pl) . . . A (zi) 17 1s 18 16 17 17 --1s -17. 18 3 -20 .2E 
: cij. .x7 19 1% 18 17: 17 20 .18 17 23 23 24 

-. N,&y . ..' (a) 19 . . . 29 g : g 29‘ 29 16 29 .28 17 27 26 

-.:.,,~;.;;,~&., --Liuc 28 l7 

30. 31 14 23 22 

. 0 . 

i 
;. .* w-.* &g-J&& &t.p- in psi-g. 
l **&,~ andy-nEtroanilines. 

-,.- 

. . -. 



. 
254 . .- T. 3, N; WEB&E B: -xS%ERWLL :- 

reduced. The effects of sample ikoduction, bore size, and paifi~le size were e&&ted _ 
at linear vel&$i& in the above-range, Grstfy, because optimum values of H we& oh- 
kimi and secondly, ‘because deficiencies in -the sample introductions system are 
emphasised at low values of tl. 

Detailed attention to the minimisation of extra-colunin effects and to the 
method of sample introduction is very important when using shofi high-performance 
columns. The modification to the Cecil CE 212 (Fig. 4) allowed the column to be 
connected close to the flow celi, thereby reducing dead volume to a minimum. It also 
r&mited in greater temperature stability, permitting the detector to be operated on the 
0.01 A fs.d. range without the need for temperature control of neither the column or 
the cell compartment. Detector noise was typically O.ooOl A. 

Various methods of sample introduction (Table IV) were examined using the 
same 0.10-m x 4.5~mm-I.D. column. Syringe injection onto the top of the PTFE 
plug (system a) resulted in less-eflkient chromatography than when the sample was 
injected directly onto the stainless-steel mesh (system b). This was probably the result 
of sample diffusion in the PTFE plug in the former method. In system b the PTFE 
plug acts as a diffuser for the mobile phase, thereby minimising lateral diffusion of 
the sample on injection, whilst it has the added advantage of being an in-line filter, 
which can be readily replaced without disturbing the packing bed. 

Use of & injection valve with the outlet terminated at the top of the PTFE 
plug gave inferior results to those of syringe injection (system a, Table IV). A split- 
stream technique (Fig. 6) was therefore developed which was similar in principle of 

TABLE IV 

EFFECT OF SAMPLE INTRODUCTION TECXNIQUE ON RESULTANT COLUMN EFFICIENCY 

Introduction techniques: (a) Syringe -injected onto top of PWE piug. (b) Syringe -injected through PTFE plug 
onto staidess-steel mesh. (c) Injection valve -with capillary tube through PTFE plug OntO stainless-steel mesh, 
no split flow. id) Injection valve -with capillary tube through PTFE plug onto stainiess-steel mesh, with split flow. 
Column, 0.10 m x 4.5 mm LD.; packing material, Partisil 5; column packhg piessure, 31.0 MPa (4500 p.s.i.g); 
slurry cuncenmtion, 8.7 % w/v. 

Opera* In~roriirction technique 
conditl2ms 

a b C d 

operating pressure 
@=d 2.8 (400)’ 2.8 (400) 2.8 (4uo) 2.8 (400) 
Flow-rate (rul.+uin) I_08 1.08 1.09 1.09 
Linear velocity 
t=/=d 1.43 1.41 1.44 1.38 

Parometer SOlure” 

o- m- P- o- m- P- o- m- .P- o- m- p.- 

k 0.61 1.99 2.39 0.60 1.99 2.39 0.60 201 2.41 0.57 1.92 2.31’ 
tR @in) 1.88 3.48 3.95 1.89 3.52 3.99 1.85 3.48 3.94 1.90 3.54 4.01 
N 5100 61CO 6100 6800 ~6700 6WI 5m 5400 4500 610 6300 6100 
w ot=) 20 16 16 15 15 16 19 19 22 11; 16 
N,d= 6 13 13 8 14 13 7 12 10 ? 13 

* Figure&in brackets represent pressures in p.s.i.g. 
*- a-, rfz-, pnitrczaailines -. 



_ op&atioq fti &e syringe Injection system b. wit& the metering valve closed and a!1 
tfie m+6Ke_pba& &ted throu@ the ihj&Son vafve @ystem &I, the chromatography 
obt&ed~Eom injection ot”the~test mixture was poor wit& marked peak taiing being 
obsenzd. _ In system d the metering valve was ad$=te& so that part off the solvent 
flow was directed to the top of the column, whilst the balance was passed through 
the injection valve. Good pezk s-napes were obtained and although the &ciencies 
were slightly lower than those of system b, some diffusion of the sample may have 
occurred in the l-mm-bore tubing linking the injection valve to the top of the column. 
This split-stream technique has obvious application in semi-preparative and prepara- 
tive LC systems, where the use of valve injection in conjunction with external sample 
loops is almost essential. 

The increase in e&iencies that is obtained with decrease in particle size is 
shown in ‘TabIe V and Fig. 7. Plate heights of between 2.5 and 3.5 parti& diameters 
were attained with each material at a linear velocity of ml.5 mm/set, whilst the 
number of effective plates per second increase d with reduction in particle size. 

TABLE v 
EFFECT OF MEAN PARTICLE SIZE (a&) ON RESULTANT COLUMN ?ZFFKXENCY 
column, 0.10 m x 4.5 mm E-D.; coIuum pack& pressure, 31.0 MPa (4500 p.s.i.g.); slurry cancen- 
&&ion, 8.7% w/v. 

operating 
pressure (MPa) 1.0 (150)’ 2.8 (400) 5.2 (750) 
Flow-rate (d/m@ 1.24 1.08 1.00 
Linear velcdy 
(mmlsec) 1.95 1.41 I.54 

Pafwneref Solute” 

o- m- P- o- /?Z- P- o- m- P- 

K 0.60 2.04 2.41 0.60 I.99 2.39 0.61 2.00 2.37 
G7 mid 1.37 2.61 2.92 1.89 3.52 3.99 1.74 3.24 3.64 
N 33m 3100 3100 6800 670 6400 7300 8100 8300 
KOcm) 30 32 32 15 15 16 14 12 12 
&b== 6 9 9 8 14 13 10 19 I? 

l Figures in brackets represent pressures in p.s.i.g. 
=- 0-, In-, p-nitrutiliiles. 

The use of wider-bore, 9.Emm-I.D., columns packed with Pa&if 5 and Partisil 
3 resulted in marked increases in efEciencies (Table VI) over the comparable 4.5-mm- 
I.D. columns QTable V). Theoretically both 4.5-mm- and 9.5~mm-I-D. columns of 
O.iO-m length are of “infinite diameter”, since their dimensions meet the requirements 
of the equation x7~1g & > (2.4 d,L)*, where d, is the internal diameter of the column, 
dp is the average particle diameter, and L is the column length. As a co&quence, the 
4.5- an+ 9.5~mm&D. columns should have j$ven the same performanoz. The “iu6nite 



t * I * I . . 
1 2 3 4 6 12 3 4 5‘ 1 2 3 

& 
4 4 

nthnder - 

Fig. 7. Separation of o-, m-, and p-niiroanihes bn (a) Partisil 3, (b) Partisil 5, and (c) Partisif 10. 
Cohmm, 1OOmm x 4.5 mm I.D.; mobile phase, IPA-&icb!orometbane-bexane (1:50:49); flow- 
mte, 1 ml/&; dP = (a) 5.2 MPa (750 p_s.i.g.), (b) 2.4 MFa (350 p.s.i.g.), ami (c) 0.7 MPa (100 
p.s.&). Injection (3 ~1) contained 300 ng of each isomer. 1 = Chloroform; 2 = o-nitroaniline; 
3 = nz-dmaniline; 4 = pnitroaniline. 

EFFICIENCIES ACHIEVED USING 0.10-m x 9.5~mm&D. COLUMNS 
Columu pa prrssure, 31.0 MPa (45(20 p.s.ig); slUrry concentmtick, 8.7% w/v. 

fa=f@f Packhgmaferiaf 
conditic)ils 

Par?fd 5 Partid 3 

- (da = 6pm) (t&g = 3.7/un) 

Q=mtig 
pressure (MPa) 3.4 (500)’ 9.3 (1350) 
Flow-rate (m&nin) 5.0 4.5 
Linearvelcdy 
bw=4 1.71 1.48 

Paranzefer SoIafe” 

o- m- _P- o- m- P 

k 0.68 205 2-47 0.55 1.79 214 
tn(min) 1.63 2.97 3.39 1.75 3.14 3.53 
N 9500 9800 9300 1ZloQ) 13500 13100 
HcW-0 10 13 11 8 7 8 
Iv,&= 16 25 -23 15 29 29 



formance of the 9.5;mm-TD. cohmms tight he expi2iuec& therefore, by the f2ct tht 
the sohtte does not reach this regC&oFJess dense @ickfng. 

CoIu&s of increased length, 0% IC x 4.5 mm LD_, were successftiy p2cked 
using the above procedure and gave twice the number of plates as were obtained for 
the OJO-rq c6hmm. Initi2l ztttempts to pack 0.40-m x 4.5-mm-I.D. c01um& proved 
tiucces~ bin’ that Ettle incre2se in eEciency over the CLXI-m cohmns was ob- 
tafued. ThFs tight be caused by 2 dame k pack&g raCe as tie dohmm is p&&d, 
fespitig in a decreas ing density of packing over the top half of the cohmn. 

CONCLUSIONS 

The packing system described shows andytic2land semi-preparative columns 
to be packed with equ2.l facility. C&bon tetrachloride is the preferred slurrymedium, 
since &my preparation is simpIe, the settling rate is slow, 2nd columns can he rapidly 
equiiibrated with mobile phase after packing. Qptimm packing pressure is reached 
at 20.7 MP2 (3000 p.s.i.g.), thus obviating the need for special high-pressure pumps, 
whilst siurry concentr2tions in the range t-10 oA w/v 2re satisfactory. This procedure 
has been successfully used in this laboratory for two years and tie reproduciiiility of 
performance for different cohmus is norm2Uy within 10%. 

The in&t to the cdumn is terminated witi a disc of woven s@i&ss-steel mesh 
capped with a pIug of porous FIFE 2nd the highest efficiency is attained using a 
ticro-syr%nge to &ject the sample Srectiy onto the mesh. Comparable performance 
GUI be obtained with valve injection if 2 split stream technique is used. This technique 
has obvious application in the design of sample introduction systems for preparative- 
scale columns. 

Plate heights of between 2.5 2nd 3.5 particle diameters can be att2ined with 
1 t-, 6- 2nd 3.7~pm particle size silicas on O.lO-rn x 45mm-ID. columns. The use of 
wider-bore, 9.5~mu&D., columns gives plate heights of around 2 particle diameters, 
together with up to 30 effective ph&es per second at a linear velocity of 1.5 mm/se~. 

The produ&on of high-performance columns and the reahsation of optimum 
performance does not leuire speciilised, expensive equipment. De&&d attention, 
however, must be directed to the many criteria involved in the production and 
operation of these cohunns. 

The authors thank their coireagues who helped in this work, especially Mr. 
, A. G. WyIesfor carrying out much of the experimental work and Mr. T. S. Floyd for 

his advice 2nd expeaise in the construction of the packing assembly. 
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