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ON THE NEED FOR 'WIDE-PORES" IN THE 
R EVERSED-PHASE L IOU I D CH ROMATO- 
GRAPHIC SEPARATION OF PROTEINS 

F. Vincent Warren, Jr. and Brian A. Bidlingmeyer 
Waters Associates 
34 Maple Street 

Milford, Massachusetts 01 75 7 

ABSTJACT 

Pore size information for 13 comnercially available reversed-phase columns 
i s  determined by application of the GPC technique described by Halasz and 
Martin. I n  most cases, the experimental median pore diameter (MPD) i s  in good 
agreement with the nominal pore s ize  for the packing material, although the 
discrepancies are large in a few cases. The measured MPDs are  used as a basis 
for identifying whether pore s ize  i s  a major contributor to resolution, peak 
width and sample capacity in the reversed-phase separation of proteins on 
comnercially available columns. 

INTRODUCTION 

Successful separations of proteins with good recovery using conventional 
pore s ize  columns continue to be reported (9-12) .  and i t  i s  not imnediately 
clear  tha t  wide pore materials will always be preferred for  protein 
separations. Certainly, the use of Reversed-Phase Liquid Chromatography 
( R P L C )  for  the separation of biological materials including peptides and 
proteins has steadily increased in recent years (11, b u t  the nature and extent 
of pore size effects  for the commercial R P L C  columns available for  separation 
of large proteins (MW 50.000) have n o t  yet  been ful ly  c la r i f ied .  Pore s ize  
i s  frequently suggested as an important factor in determining resolution and 
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620 WARREN AND BIDLINGMEYER 

e f f i c i ency  (2-7)  as we l l  as the  maximum sample load (3 )  and the recovery o f  
i n jec ted  b io log i ca l  mater ia l  (1, 4-5). Unfortunately,  several e x i s t i n g  
repor ts  cons is t  o f  i so la ted  comparisons i n  which several var iab les  are 
simultaneously a l t e red  (2 -4 ,  71, thus compl icat ing the i n t e r p r e t a t i o n  o f  
resu l ts .  Comprehensive studies o f  c lose ly  r e l a t e d  packing mater ia ls  under 
c a r e f u l l y  con t ro l l ed  cond i t ions  are just beginnlng t o  appear (5-6, 8). The 
frequent c la im  regarding pore s i ze  i s  t h a t  "wide-pore" packings (eg. 300A, 
500A) outperform conventional 60-100A mater ia ls  i n  RPLC separations w i th  
regard t o  resolut ion,  sample capac i ty  and recovery. The f i nd ings  which 
support t h i s  clalm, although prel iminary,  have been s u f f i c i e n t  t o  arouse a 
considerable upsurge o f  i n t e r e s t  i n  wide-pore packings f o r  RPLC and t o  
s t imu la te  the o f fe r i ngs  o f  wide-pore columns by a number o f  manufacturers. 

One o f  the s i g n i f i c a n t  problems w i t h  e x i s t i n g  s tud ies  o f  pore s ize  e f f e c t s  
i n  RPLC i s  the absence o f  the ' ' in s i t u "  measurement o f  pore s i z e  o f  the actual  
column used i n  the study. Most repor ts  have r e l i e d  upon the s i l l c a  
manufacturer f o r  the pore The value o f  t h i s  source may no t  
be adequate f o r  a thorough comparison. p a r t i c u l a r l y  i f  a nominal pore s i ze  
designation i s  a l l  t h a t  can be obtained. There are several caut ions 
associated w i t h  the use o f  such a value. The nominal pore s i z e  (NPS) i s  an 
"average" o r  " t yp i ca l "  value which gives no i n d i c a t i o n  o f  batch t o  batch 
var ia t ions .  I n  addi t ion,  a standard method f o r  pore s i ze  measurements has no t  
been agreed upon, and the method used t o  determine the  NPS may no t  be s ta ted  
by the manufacturer. I f  the Wheeler equation i s  used t o  determine the NPS 
(14) then the stated value gives only a rough i n d i c a t i o n  (131 o f  the mean o f  
the pore s ize  d i s t r i b u t i o n  (PSD). I n  our experience, some NPS values have 
been as much as 100 percent g rea ter  than the exper imental ly determined mean 

pore s i ze  (15-16). i nd i ca t i ng  the i n a d v i s a b i l i t y  o f  r e l y i n g  on nominal pore 
s ize  values 

s i ze  informat ion.  

The two c lass i ca l  techniques f o r  the d i r e c t  measurement o f  pore s ize  
d i s t r i b u t i o n s  are mercury i n t r u s i o n  (por is imet ry )  and gas condensation/ 
evaporation (13). Ne i ther  technique has been p r a c t i c a l  f o r  most chromato- 
graphic laborator ies,  p a r t l y  because o f  the expense o f  owning and maintaining 
the required equipment. I n  add i t ion ,  both techniques are intended f o r  dry, 

r i g i d  so l ids  and t h e i r  a b i l i t y  t o  e f f e c t i v e l y  charac ter ize  chemically mod i f ied  
mater ia ls  i s  no t  c lear.  The manner i n  which these measurements are made i s  
no t  representat ive o f  the type o f  i n te rac t i ons  which occur i n  chromatographic 
systems. 
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"WIDEPORES" IN THE SEPARATION OF PROTEINS 62 1 

Recently, a simple method has been introduced f o r  the measurement o f  pore 
s ize  in fo rmat ion  based on gel permeation chromatography (GPC). Th is  method, 
introduced i n  1975 by Halasz ( 1 7 )  and described more f u l l y  l a t e r  (18-241, uses 
polystyrene standards as pore s ize  probes and should be more i n d i c a t i v e  o f  the 
molecular d i f f u s i o n  which takes place i n  RPLC separations. The " i n - s i t u "  
measurements can be completed i n  a few hours us ing  an i s o c r a t i c  l i q u i d  
chromatograph, which i s  commonly ava i l ab le  t o  most chromatographers, and the  
necessary ca l cu la t i ons  are eas i l y  performed. 

I n  t h i s  paper, we inves t i ga te  the re la t i onsh ip  between the  pore s i z e  o f  

commercially ava i lab le  columns and the performance o f  those columns f o r  the 
separation o f  proteins.  The Halasz method i s  app l ied  t o  t h i r t e e n  s i l i c a -  
based packlngs fo r  RPLC, some o f  which are s p e c i f i c a l l y  marketed f o r  the 
separation o f  proteins.  The median pore diameter (MPD), thus determined, i s  
used t o  charac ter ize  the PSD o f  each mater ia l .  Each column i s  then used f o r  

the separat ion o f  f i v e  p ro te in  standards ranging i n  molecular weight from 
3,300 t o  67.000. Comparisons are made on the bas is  o f  re ten t ion ,  reso lu t i on ,  

e f f i c i e n c y  and sample capaci ty i n  an at tempt t o  determine co r re la t i ons  between 
these fac to rs  and the MPD o f  the var ious column packings. 

It should be noted t h a t  every e f f o r t  was made t o  con t ro l  as many var iab les  
as possible. Most n a t e r i a l s  were purchased i n  bu lk  and packed i n t o  i d e n t i c a l  
containers by the same operator, a l though i n  some cases t h i s  was n o t  
possible. With one exception, C18 bonded phases were employed, and an 
i den t i ca l  g rad ien t  was used f o r  the e l u t i o n  o f  the p ro te ins  from a l l  columns. 
However. var iab les  such as s i l i c a  type, carbon load, degree o f  end-capping and 
pre-treatment o f  the s i l i c a  cannot be c o n t r o l l e d  i n  any study which surveys a 

range o f  commercially produced columns. Since the purpose o f  t h i s  study i s  t o  
see i f  wide pores are the  "magic" i ng red ien t  For good p r o t e i n  separations and 
no t  t o  make a d e f i n i t i v e  statement regarding pore s i ze  e f fec ts .  the  
compl icat ions introduced by these add i t i ona l  var iab les  are  acceptable. Also, 
t h i s  i s  the way a researcher must p resent ly  choose between commercially 
ava i lab le  packings. 

MATERIALS AND METHODS 

Preparat ion o f  Columns. Where ava i lab le ,  bu l k  C18 packing ma te r ia l s  o f  
nomlnal l D v  designation were purchased from var ious manufacturers and used as 

received. Bulk mater ia ls  were custom packed i n t o  &nm I D  x lOcm po lye thy lene 
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622 WARREN AND BIDLINCMEYER 

Radial-PAKTM car t r idges  (P/N 85820. Waters Associates, M i l f o rd .  MA) by a 

s ing le  operator. I n  the remaining cases. (see Table I )  packed s tee l  columns 
were purchased. A l l  columns were condi t ioned with several column volumes o f  
tetrahydrofuran (THF) before determinat ion o f  the median pore diameter. For  
convenience. columns w i l l  be r e f e r r e d  t o  throughout t h i s  paper by the l e t t e r  
designations shown i n  Table 1. Columns K and L were no t  ava i l ab le  w i t h  a 
CIB bonded phase, Column A 
contains a p e l l i c u l a r  packing, and column C was packed w i t h  a p repara t ive  
mater ia l .  Columns B,F, and J cou ld  no t  be obtained i n  a 10 micron p a r t i c l e  
s ize.  It should be emphasized t h a t  the column packing mater ia ls  s tud ied  

cons is t  o f  a s ing le  example o f  each type, and may n o t  be adequately represent 
other samples o f  the same mater ia l  due t o  v a r i a b i l i t y  from batch t o  batch. 

The bonded phase f o r  column K i s  p ropr ie ta ry .  

Preparat ion of Eluents and Standards. Eluents were prepared from LC grade 
isopropanol (Waters) and water p u r i f i e d  w i t h  a M i l l i - Q  system ( M i l l i p o r e ,  

Bedford, MA). Solvent A consisted o f  0.1 percent t r i f l u o r o a c e t i c  a c i d  (TFA) 
(Pierce, Rockford, I l l . )  i n  water. Solvent B was neat isopropanol. P ro te in  
standards contained approximately 1.5mg per m l  o f  solvent A o f  each of the 
fo l low ing :  i nsu l i n ,  chain B oxidized, MW 3.3K (Schwartz-Mann, Orangeburg, 

NY). ribonuclease a, MW 13.7K (Sigma, S t .  Louis, MO), ovalbumin, MW 45K 
(Sigma), bovine serum albumin, MW 67K (Sigma) and aldolase, MU 158K (Sigma). 
U rac i l  was included i n  a l l  samples t o  serve as an unretained solute.  A l l  

p ro te ins  were stored frozen when n o t  i n  use and were used as received from the  
suppl ier .  Standard so lu t ions  were prepared weekly and unused po r t i ons  were 
stored frozen. Fresh a l i quo ts  were thawed every 1-2 days f o r  chromatographic 
use. 

For the  MPD determination, UV-s tab i l i zed  LC grade tetrahydrofuran (Waters) 
was used. Polystyrene standards (Waters) and n-hydrocarbons from various 
sources were prepared as d i l u t e  so lu t ions  i n  THF. Concentrations were 
approximately 0.03 percent (w/v) f o r  the polystyrenes and 0.15 percent f o r  the  
hydrocarbons. 

Determination o f  Column E f f i c i ency .  The p l a t e  count o f  each column was 
determined p r i o r  t o  any o ther  chromatography. A t e s t  mix conta in ing  benzene, 
u r a c i l  and acenapthene was e lu ted  using an e luent  cons i s t i ng  o f  60/40 
ace ton i t r i l e /wa te r  a t  a f l o w  r a t e  o f  1.0 ml/min. A cha r t  speed o f  5.0 cm/min 
was used dur ing p l a t e  count determination. P la te  counts were then ca lcu la ted  
on the basis o f  manual measurement, using bo th  tangent and 5-sigma methods. 
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Measurement o f  Median Pore Diameters. The procedure f o r  using GPC t o  
measure pore s ize  d i s t r i b u t i o n  i s  described i n  d e t a i l  elsewhere (16-29). The 
value o f  pore size, d. corresponding t o  the 50 percent value i n  the cumulative 
d i s t r i b u t i o n  i s  taken as the median Pore diameter. 

Chromatographic System. Gradient chromatography was performed using a 
Waters Associates Model 244 ALC, i nc lud ing  two M6000A Solvent De l ivery  
Systems, an M440 two channel UV-Visible Detector operat ing a t  254nm and 280nm. 
and a 14401 D i f f e r e n t i a l  Refractometer ( f o r  PSD measurements on ly ) .  Runs were 
d i rec ted  by a Model 730 System Con t ro l l e r  (Waters) w i t h  i n j e c t i o n s  made by a 
Model 7108 WISPTM Auto Sampler. Detector outputs were monitored by a model 
730 Data Module printer/plotter/integrator (Waters). The l a s t  th ree  
components were connected v i a  the I n t e l i n k  system. 

I n  order t o  insure t h a t  each column was evaluated f a i r l y ,  using so lvent  
cond i t ions  which would give reasonable reso lu t i on  o f  the p r o t e i n  t e s t  mixture,  
two gradients were used. Gradient G 1  was used f o r  a l l  columns, w i t h  62 
appl ied only t o  those columns unable t o  resolve bovine serum albumin and 
aldolase w i t h  G1. Except f o r  two columns which f a i l e d  t o  e l u t e  some o f  the  
pro te ins  (see below), a l l  columns could successful ly resolve the f i v e  p ro te ins  
with one o f  the two gradients. Gradient G 1  was l i n e a r  from 0 percent B t o  50 
percent B i n  35 minutes. Gradient 62 was l i n e a r  from 0 percent B t o  25 
percent B i n  5 minutes, fo l lowed by a 30 minute l i n e a r  segment from 25 percent  
B t o  50 percent B. 

RESULTS AND DISCUSSION 

The experimentally determined MPD f o r  each column i s  ind ica ted  i n  Table 
I. For those cases i n  which a manufacturer-supplied NPS value was ava i lab le ,  
a comparison o f  NPS and MPD values i s  given i n  Table 11. The r e l a t i v e  
deviat ions range from 9-100 percent, i n d i c a t i n g  the approximate nature o f  some 
NPS claims. A small dev ia t ion  i s  expected, due i n  p a r t  t o  the f a c t  t h a t  NPS 
values are general ly based on unbonded s i l i c a ,  wh i le  MPD values are determined 
using the bonded phase. For  a C18 phase, Halasz estimates a 20A reduct ion 
o f  the pore diameter (15). Batch-to-batch v a r i a b i l i t y  and experimental 
uncer ta in t ies  may a lso  con t r i bu te  t o  a dev ia t i on  between the NPS and MPD 
values, bu t  several o f  the dev ia t ions  shown i n  Table I 1  are too l a r g e  t o  be 
explained by these cont r ibu t ions .  
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‘WIDE.PORES” IN THE SEPARATION OF PROTEINS 

TABLE 11: NOMINAL PORE SIZE VS. MEAN PORE DIAMETER BY GPC 

62 5 

NPS*(R) MPD(R) Dev ia t ion  

H 
G 
K 

F 
J 
L 
E 
D 
B 

A 
C 

I 
M 

330 
330 
300 
300 
300 
300 

“WIDE” 

125 
90 

HA** 

NA 
NA 
NA 

263 
251 
275 
245 
219 
162 
81 

130 
68 
59 

69 
251 
99 

67 
79 
25 
55 
81 
138 

25 
22 

* value claimed by the manufacturer 

** no t  ava i l ab le  o r  p ropr ie ta ry  

Re ten t i v i t y .  F igure  1 shows a t yp i ca l  chromatogram, obtained using a 
column having one o f  the smal lest  median pore diameters. The same e l u t i o n  
pa t te rn  was observed f o r  a l l  columns, w i t h  two exceptions: columns E and M 

f a i l e d  t o  e lu te  three of the f i v e  t e s t  p ro te ins  under any e luen t  cond i t ions .  
The reason f o r  t h i s  behavior i s  n o t  c lear .  F igure  2 provides a c l e a r e r  
comparison o f  the  e l u t i o n  behavior observed f o r  those columns which gave 
reso lu t i on  o f  a l l  f i v e  p ro te ins  using gradient G1 (see experimental sect ion).  
The parameter G ’  used as the  bas is  o f  comparison i s  i d e n t i c a l  t o  the  c m o n l y  
used k ’ .  While k ’  i s  no t  s t r i c t l y  app l i cab le  t o  g rad ien t  e lu t ion ,  values o f  
G ’  are s t i l l  useful  f o r  judg ing  s i m i l a r i t y  o f  e l u t i o n  behavior. A l l  columns 
except f o r  K and E are seen t o  behave q u i t e  s i m i l a r l y .  Due t o  a lack  o f  
in fo rmat ion  regarding the  p rop r ie ta ry  phase used w i t h  column K, i t  i s  n o t  

poss ib le  t o  r a t i o n a l i z e  the  unusual r e t e n t i v i t y  o f  t h a t  column. The 

non-elut ion exh ib i ted  by column E (and s i m i l a r l y  by column M I  i s  even more 
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COLUMN: B 

I * * . . - * 1  

0 5 15 25 35 
TIME (MIN)- 

FIGURE 1 Typical Chromatogram. 

disturbing. Factors such as carbon load or degree of end-capping may explain 
the observed behavior, b u t  to  our knowledge, studies which could shed l i g h t  on 
th i s  problem have yet  to  be performed. 

Resolution. The chromatograms presented in  Figure 3 demonstrate tha t  the 
retention and resolution of proteins i s  n o t  a simple function of the 
experimentally determined MPD. Column D i s  a general purpose reversed phase 
column having a similar MPD to  that  of Column E ,  a "wide-pore'' column which i s  
specifically marketed for the separation of proteins. The chromatography 
obtained with Column 0,  while clearly superior to  tha t  of Column E. i s  not 
obviously inferior to the resul ts  obtained using Column H for which the 
measured MPD is  almost fourfold larger. The coelution of BSA and INS with 
Column D i s  readily eliminated by the use of  gradient 62. 

The correlation between MPD and resolution i s  displayed more clearly in 
Figure 4, which plots the resolution of two proteins, 6-insulin and bovine 
serum albumin, for nine columns as a function of MPD. Gradient G1 was used in  
every case. While the overall trend i s  toward improved resolution as MPD 

increases, there are  counter-examples present which cloud the correlation. 
Specifically, the column having the smallest MPD of the s e t  provides a 
resolution nearly equal to  tha t  obtained with columns having a much larger 
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FIGURE 2 Retentivity of Columns for Protein Mixture. 

MPD. Because the columns studied d i f f e r  i n  more than t h e i r  PSD 

cha rac te r i s t i cs ,  no d e f i n i t i v e  statement regarding reso lu t i on  should be made 

on the bas is  o f  Figures 3 and 4. However, it i s  c l e a r  t h a t  the  se lec t i on  o f  a 
commercially ava i lab le  column f o r  the  separation o f  p ro te ins  cannot be based 
so le ly  on pore size. Columns of small MPD (e.g. Column B) may o f f e r  exce l len t  

performance, wh i le  some wide pore ma te r ia l s  (e.g. Column E )  may f a i l  t o  
provide acceptable performance. 

Peak Width. For a l l  columns studied, the p l a t e  count was determined using 

a small molecule t e s t  mix. The in f luence o f  column e f f i c i e n c y  ( tangent p l a t e  
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BSA 
INS 

COLUMN: D 
MPD: 76A 

ALL COLUMNS: lop, C18, RADIAL-PAK" CARTRIDGE 
GRADIENT: G1 

INS 

C0LUMN:E INS C0LUMN:H I 
MPD: 81A I MPD: 263A OVA ;A 

OVA 

1 
TIME (MIN)- TIME (MIN) I) TIME (MIN) I) 

FIGURE 3 Lack of Influence of Mean Pore Diameter on Separation 
of Protein Mixture. 

p--lnsulin and Bovine Serum Albumin 
Gradient G1 

3.5 

3.0 

2.5 
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FIGURE 4 Influence of Mean Pore Diameter on Resolution. 
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ALL COLUMNS: RADIAL-PAK” CARTRIDGE, c18 
: NTAN MEASURED ON NEW CARTRIDGE 

INS 

1BSA 

COLUMN: A COLUMN: G 
NTAN: 502 BSA NTAN: 3827 

OVA 

RNS 
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N TAN: 1067: 
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, . . . .  a .  . I I . .  . . I . ,  , I  . r . .  . . . . J 
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FIGURE 5 Influence of Column Efficiency on Separation of Protein Mixture. 

count) on reso lu t i on  and peak w id th  i s  ind ica ted  by the three examples shown 
i n  Figure 5. Column A, con ta in ing  a p e l l i c u l a r  mater ia l ,  o f fe red  on ly  500 

plates.  Resolut ion i s  adequate, bu t  peaks are  notably broader than f o r  
Columns G and B. The d i f fe rence i n  peak width seen i n  the chromatograms f o r  
Columns B and G, however, i s  l e s s  dramatic, desp i te  the  near ly  th ree fo ld  
d i f f e rence  i n  p l a t e  count between these two columns. From t h i s  data it 

appears t h a t  h igh column e f f i c i e n c y  i s  much less  important f o r  the  reso lu t i on  
o f  p ro te ins  than f o r  small molecules. This lack  o f  c o r r e l a t i o n  between p l a t e  
count and reso lu t i on  o f  p ro te ins  has previously been noted ( 6 ) .  

Increasing the column e f f i c i e n c y  beyond a c e r t a i n  p o i n t  y i e l d s  d imin ish ing  
improvements i n  chromatographic performance f o r  p ro te ins .  F igure  6 re in fo rces  
t h i s  conclusion. Ovalbumin and 6 - insu l i n  standards were e lu ted  from seven 

columns, w i th  the peak widths a t  ha l f -he igh t  measured i n  each experiment. The 
r e s u l t i n g  widths are p l o t t e d  i n  F igure  6 as a func t ion  o f  both the tangent 

p l a t e  count and the MPO. The p l a t e  count p l o t  shows t h a t  peak w id th  decreases 
as column e f f i c i ency  improves u n t i l  a value o f  1,000 p la tes  i s  obtained. 
Beyond t h i s  p o i n t  there i s  l i t t l e  change i n  peak width, even f o r  a column 
hsving more than 10.000 theo re t i ca l  p la tes .  
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FIGURE 6 Influence of Small Molecule Plate Count a n d  Mean Pore Diameter 
on Protein Peak Width. 

Also ind ica ted  i n  F igure  6 i s  a near ly complete l ack  o f  c o r r e l a t i o n  
between peak width and MPD. This con t rad i c t s  some previous repor ts  (4 .5 )  
which suggest t h a t  reso lu t i on  o f  p ro te ins  i s  r e l a t e d  t o  pore s i z e  
charac ter is t i cs .  Nei ther t h i s  nor the previous repor ts  represent s tud ies  
which are s u f f i c i e n t l y  con t ro l l ed  i n  a l l  var iab les  t o  a l low a c l e a r  judgement 
t o  be made concerning the r o l e  o f  pore s i z e  i n  reversed phase p r o t e i n  
separations. The f ind ings  summarized i n  F igure  6 i nd i ca te  t h a t  t h i s  i s  an 
open question. despi te f requent ly  voiced claims t o  the contrary.  

Sample Capacity. I n  the chromatography o f  proteins,  i t  i s  f requent ly  
necessary t o  load r e l a t i v e l y  l a rge  sample amounts onto a column so t h a t  a 
minor component o f  i n t e r e s t  can be detected and/or i so la ted .  The capaci ty of 
column packings t o  t o l e r a t e  l a rge  sample loadings w i thout  degradation of 
chromatographic performance i s  there fore  o f  g rea t  i n te res t .  To i nves t i ga te  
the re la t i onsh ip  between MPD and maximum sample load, th ree  columns o f  varying 
MPD were selected. A l l  columns were packed i n t o  i d e n t i c a l  containers. and 
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41.9 rng 

63 1 

I BOVINE SERUM ALBUMIN, MW =67000, D- 74A 
COLUMN H, MEAN PORE DIAMETER=263A 

15.9 mg 

21.6 rng 

_.J 

31.8 rng ; 
I 

L 
2000 MI of 20.95 rng/ml - - 

1000 JJI of 31.8 m g h l  - 
1000 JJI of 21.64 rng/rnl 

gradient 62 was used i n  every case. Each was subjected t o  a ser ies  o f  
i n j e c t i o n s  conta in ing  increasing masses o f  SSA. The p o i n t  o f  over load was 
taken as the p o i n t  a t  which a second peak f i r s t  appeared. This i s  

demonstrated i n  the ser ies  o f  chromatograms presented i n  F igure  7. I n j e c t i o n  

o f  15.9 ng o f  BSA gives a s ing le  peak, bu t  a lead ing  peak i s  seen upon 

i n j e c t i o n  o f  21.5 mg. I n j e c t i o n  o f  l a r g e r  masses o f  BSA l ead  t o  f u r t h e r  
d i s t o r t i o n  of the major peak, u n t i l  some BSA a c t u a l l y  e lu tes  a t  Yo i n  the 

r ightmost chromatogram. A maximum load  o f  21 mg i s  assigned t o  t h i s  column. 

For  the three columns studied, the maximum sample loads determined i n  t h i s  

manner were 21 mg f o r  column H, 10 mg f o r  column B and 0.1 mg f o r  column A. 

The ove ra l l  t rend observed was f o r  sample capaci ty t o  increase w i t h  inc reas ing  

MPD. However, other fac to rs  such as the pore volume, s i l i c a  type and surface 

area d i f f e r  f o r  the columns s tud ied  so t h a t  the observed t rend must be 
i n te rp re ted  w i th  caut ion.  S t i l l ,  t he  increase i n  sample capac i ty  w i t h  MPD i s  
s u f f i c i e n t l y  dramatic t o  suggest the need f o r  add i t i ona l  i nves t i ga t i on .  
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CONCLUSION 

WARREN AND BIDLINGMEYER 

A simple technique f o r  the  determinat ion o f  PSO in fo rmat ion  has been 
appl ied t o  a va r ie t y  o f  packed columns. The use o f  exper imental ly determined 
#PD values allows a more conf ident  assessment o f  pore s ize  e f f e c t s  than i s  
possible on the basis o f  the  nominal pore s izes  suppl ied by column 
manufacturers. I t  i s  an t i c ipa ted  t h a t  t h i s  technique For MPO determinat ion 
w i l l  be useful t o  o ther  chromatographers studying pore s i ze  e f fec ts .  For  the 
columns considered i n  t h i s  work, columns o f  nominal 300A pore s ize  showed 
measured MPD values o f  162A-275A. 

It should be emphasized t h a t  columns o f  bo th  conventional and "wide" pore 

s ize  were found t o  give adequate reso lu t i on  o f  a p r o t e l n  t e s t  mix tu re  i n  most 
cases. Two columns (E and M I  f a i l e d  t o  e lu te  th ree  o f  the  f i v e  p ro te ins  under 
any eluent conditions, b u t  one o f  these (E l  was a nominal ly wide pore mater ia l  
so ld  s p e c i f i c a l l y  f o r  the  separation o f  proteins.  The phrase "wide pore" i s  
no t  c l e a r l y  associated w i th  the a b i l i t y  o f  a p a r t i c u l a r  column t o  separate a 
p ro te in  mixture. Nei ther reso lu t i on  o f  p ro te ins  nor e f f i c i e n c y  was c l e a r l y  
cor re la ted  with MPO. I n  con t ras t  t o  small molecule separations, h igh l y  
e f f i c i e n t  RPLC columns do no t  appear t o  o f f e r  a s i g n i f i c a n t  advantage f o r  the  
separation o f  proteins,  Spec i f i ca l l y ,  column e f f i c i e n c y  was no t  found t o  
cause a s i g n i f i c a n t  reduct ion i n  peak width beyond a value o f  about 1,000 
plates.  Our f ind ings  do suggest t h a t  one advantage t h a t  wide pore packings 

o f f e r  i s  h igher sample capaci ty.  However, t h i s  i s  a ten ta t i ve  conclusion 
based upon the comparison o f  columns which d i f f e r  i n  var iab les  o ther  than 
MPO. A con t ro l l ed  study i s  needed t o  c l a r i f y  t h i s  issue, based on a se t  o f  
mater ia ls  having i d e n t i c a l  s i l i c a ,  bonded phase, and chemistry as we l l  as 
carbon loading and coat ing l eve l .  Add i t iona l l y ,  the concern f o r  "ghosting" o f  
p ro te ins  was no t  addressed i n  t h i s  study and i s  another area where an 
evaluat ion i s  needed. 
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