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A PORTABLE SLURRY PACKING APPARATUS 
FOR H I G H  PERFORMANCE LIWID CHROMATOGRAPHY 

E d w a r d  J .  Kik ta ,  Jr .  
FMC Corpora t ion  

100 Niagara S t r e e t  
Middleport ,  New York 14105 

ABSTRACT 

A P o r t a b l e  appara tus  f o r  s l u r r y  packing h igh  performance 

m i c r o p a r t i c u l a t e  l i q u i d  chromatographic columns i s  desc r ibed .  

The packer  o f f e r s  l a b  t o  l a b  p o r t a b i l i t y  and ease  of  o p e r a t i o n s .  

Columns up t o  50 cm i n  l e n g t h  can  be accommodated w i t h  t h e  

descr ibed  conf igu ra t ion .  

o f f e r i n g  a s u b s t a n t i a l  s av ing  over commercially prepared  columns, 

i n  s i t u a t i o n s  where l a b o r  c o s t s  a r e  minimal. E f f i c i e n c i e s  

of columns packed wi th  t h i s  appara tus  have been e q u i v a l e n t  t o  

o r  b e t t e r  than  those  obta ined  wi th  commercially a v a i l a b l e  

columns. 

p r e s s u r i z a t i o n  method. This method a l s o  l e a d s  t o  longe r  column 

l i f e .  Evalua t ion  of r e l a t i v e  column e f f i c i e n c y  is a l s o  d i scussed .  

Ma te r i a l  c o s t s  p e r  column a r e  $40 - $70, 

Columns a r e  packed u s i n g  a s taged  p res su r i za t ion /de -  
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INTRODUCTION 

KIKTA 

The popu la r i za t ion  of high performance l i q u i d  chroma- 

tographic  technology has led  t o  t h e  s o l u t i o n  of many 

d i f f i c u l t  s epa ra t ion  problems i n  d ive r se  s c i e n t i f i c  

s t u d i e s .  However, high performance LC columns a r e  r e l a -  

t i v e l y  expensive. For example, a t y p i c a l  commercially a v a i l -  

a b l e  10 urn reversed phase packed column of 25 t o  30 cm l eng th  

c o s t s  i n  t h e  neighborhood of $250. 

companies o r  educa t iona l  i n s t i t u t i o n s  such c a p i t a l  c o s t  can be 

p r o h i b i t i v e  when s e v e r a l  columns a r e  r equ i r ed .  I t  has been 

the  experience of t h i s  au thor  t h a t  t h e  r e p r o d u c i b i l i t y  of 

For many sma l l e r  

r e s u l t s  from column t o  column i s  o f t e n  v a r i a b l e ,  r e q u i r i n g  t h e  

reopt imiza t ion  of a n a l y t i c a l  cond i t ions  when comparing columns 

of nominally t h e  same type .  This v a r i a t i o n  i s  most o f t e n  found 

when comparing bonded phase columns from d i f f e r e n t  manufacturers 

where va r i ab le s  such as t h e  degree of d e r i v a t i z a t i o n  can lead  t o  

q u i t e  d i f f e r e n t  a n a l y t i c a l  p rope r t i e s  under similar mobile phase 

condi t ions .  

Many au thors  have u t i l i z e d  s l u r r y  packing methods t o  

genera te  h igh ly  e f f i c i e n t  columns. The b a s i c  s l u r r y  packing 

method as described by Kirkland (1-3) and f u r t h e r  modified and 

used by o the r s  (4,5) has been used t o  prepare  most h igh  e f f i c i e n c y  

columns i n  use today. Recent developments, such as upward s l u r r y  

packing (6) ,  have shown g r e a t  promise f o r  f u r t h e r  improving column 

e f f i c i e n c i e s .  Gonnet and Rocca (7)  have discussed t h e  design of 

t h e  packing apparatus and t h e  optimal condi t ions  under which i t  

should be used t o  make e f f i c i e n t  columns. 
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PORTABLE SLURRY PACKING APPARATUS FOR HPLC 131 

If a l a b o r a t o r y  dec ides  t o  pack i t s  own HpLC columns, 

i t  i s  o f t e n  faced  wi th  t h e  dilemma of what t o  do w i t h  t h e  

column packing appa ra tus .  S ince  column packing i s  u s u a l l y  

done i n f r e q u e n t l y ,  i t  i s  a waste of  v a l u a b l e  bench space  t o  

d e d i c a t e  a s e c t i o n  t o  a packing  ins t rument  which s i t s  i d l e  

95% of t h e  t i m e .  Often,  more than  one l a b o r a t o r y  i n  a n  

i n s t a l l a t i o n  d e s i r e s  t o  pack i t s  own columns. If t h i s  i s  

t h e  case ,  making t h e  column packer  p o r t a b l e  i s  a g r e a t  

advantage.  This  paper  d i scusses  a compact p o r t a b l e  column 

packer  adap tab le  t o  t h e  needs of many s m a l l  and medium s i z e  

l a b o r a t o r i e s '  a p p l i c a t i o n s .  The c o s t  of t h i s  appa ra tus ,  

~ $ 7 5 0 ,  i s  o f f s e t  by t h e  average  sav ing  of $200 p e r  column 

over  t h e  purchase  of commercially a v a i l a b l e  columns. I n  

o t h e r  words, f o u r  well-packed columns pay f o r  t h e  packer .  

Column t o  column r e p r o d u c i b i l i t y  can  a l s o  be g r e a t l y  

enhanced by packing s e v e r a l  columns of a des i r ed  type , f rom 

a s i n g l e  ba t ch  of suppor t  m a t e r i a l ,  a t  one t ime. 

EXPERIMENTAL 

F igure  1 schemat i ca l ly  shows t h e  components of t h e  

column packer.  A l l  f i t t i n g s  and tub ing  on t h e  h igh  p r e s -  

Sure s i d e ,  components 9-19, a r e  s t a i n l e s s  s t e e l .  F i t t i n g s  

and tub ing  on t h e  low p r e s s u r e  s i d e  can be  made from any 

convenient  m a t e r i a l  capable  of w i ths t and ing  p r e s s u r e s  up t o  

100 p s i .  The packer  was s t a t i c a l l y  t e s t e d  t o  p r e s s u r e s  

i n  excess of  10,000 p s i  wi thout  encoun te r ing  any l e a k s .  

The only  component which may develop l e a k s , i f  c lo sed  when 
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PORTABLE SLURRY PACKING APPARATUS FOR HPLC 133 

Figure  1 - Schematic r e p r e s e n t a t i o n  of t h e  hplc  column 
packing appa ra tus .  

1. 

2 .  

3 .  

4 .  

5.  

6. 

7 .  

8. 

9. 

10. 

11. 

12. 

14. 

15 * 

16. 

17 

18. 

19. 

Nitrogen c y l i n d e r  - C s i z e  

Two-stage r e g u l a t o r  - 0-250 p s i  

Nitrogen supply  shut -of f  va lve  

Toggle va lve  and gas  ven t  l i n e  

Gas f i l t e r  Arrow Sc in te red  Products  Co., F o r e s t  Park,  
I l l i n o i s  - k 3104 - 1/2) 

Sing le  s t a g e  r e g u l a t o r  - 0-120 p s i  

Gas shu t -o f f  va lve  

Solvent  r e s e r v o i r  

Pump, gas d r iven  f l u i d  model DSTlOOC - Haskel Engineer ing  
and Supply Co. , Burbank, C a l i f o r n i a  

Pump gas vent  and muf f l e r  - C. W .  Morris Co., D e t r o i t ,  
Michigan 

F lu id  p re s su re  gauge - O-l5,OOO p s i ,  Enerpac, B u t l e r ,  
Wisconsin 

Packing chamber shut -of f  va lve  - Sno-Tri@ model 
SS-645-FPARY Sno-Trik Co., Solen, Ohio 

SS-Union T - 3/8" S w a g e l o a ,  Crawford F i t t i n g  Co., 
Cleveland , Ohio 

Packing chamber - ss-3/8" O.D.  x 9/32" I . D .  x 35 cm L. 

Column shu t -o f f  b a l l  va lve  - Whitey SS-4354, Whitey Co., 
Oakland, C a l i f o r n i a  

Pre-column SS-1/4" O . D .  x 4.2 mm I . D .  x 4 cm L.  

1/4" SS-Union - d r i l l e d  through - Swagelo@ 

Hplc column - 1/4" SS up t o  50 cm L. I . D .  range up t o  
4 .2  mm 

LDV o r  ZDV - 1/4" t o  1/16" SS - redu t i o n  Union f i t t e d  
wi th  a 2 p f i l t e r  element - S w a g e l o h  
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KIKTA 134 

head p res su res  exceed 5,000 p s i ,  i s  t h e  column shu t  off 

b a l l  va lve  ( i t e m  1 5 ) .  S ince  t h i s  va lve  i s  never  s h u t  

under h igh  p res su re ,  t h i s  problem i s  no t  encountered. 

The column packer  i s  mounted on a s t a i n l e s s  s t e e l  c a r t  of 

t h e  fo l lowing  dimensions: he igh t  - 80 cm, wid th  - 60 cm, 

depth - 40 cm. Front  and s i d e  views of t h e  column packer  

and t h e  c a r t  a r e  shown i n  F igu res  2 A  a n d  2B. The c a r t  has 

t h r e e  evenly spaced she lves .  I n  o r d e r  t o  suppor t  a"C"s ize  

n i t rogen  c y l i n d e r  t h e  bottom s h e l f  i s  r e in fo rced  by 

p l a c i n g  a 1 .5  cm t h i c k  plywood board upon i t .  Two 20.5 cm 

holes ,  one above t h e  o t h e r ,  a r e  c u t  i n t o  t h e  f i r s t  and 

second she lves  n e a r  t h e  r i g h t  r e a r  of t h e  c a r t .  The 

n i t r o g e n  c y l i n d e r  i s  p laced  through t h e s e  h o l e s  on to  t h e  

wooden base, p o s i t i o n i n g  i t  secu re ly .  The Haskel DST-100C 

pump i s  s e c u r e l y  b o l t e d  nea r  t h e  l e f t  f r o n t  of the  car t .  

The column packing chamber and immediately a s s o c i a t e d  

va lv ing  a r e  supported by a 120 cm L. x 1.3 cm r a d i u s  meta l  

suppor t  r o d  l o c a t e d  nea r  t h e  f r o n t  of  t h e  c a r t  ( s e e  f i g u r e  

2 ) .  The rod passes  through t h e  upper two she lves  and i s  

a t t ached  t o  each s h e l f  w i th  a F i s h e r  Brand Flexaframe@ f o o t  

p l a t e .  The s o l v e n t  r e s e r v o i r  c o n s i s t s  of  a one g a l l o n  

g l a s s  jug .  Under cond i t ions  of p a r t a b i l i t y ,  i t  may be 

adv i sab le  t o  e i t h e r  b u i l d  a r e s t r a i n i n g  s h i e l d  around t h e  

g l a s s  j ug  o r  t o  s u b s t i t u t e a  c losed  a t t ached  meta l  r e s e r v o i r  

f o r  t h e  glass jug .  F l e x i b l e  1/4" Teflon@ tub ing  i s  used t o  

make t h e  l i q u i d  i n l e t  connec t ion  t o  t h e  pump and t h e  i n i t i a l  

connec t ion  from t h e  two-stage r e g u l a t o r  supply  shu t  off 

valve  ( i t e m  2)  t o  t h e  togg le  va lve  and gas ven t  l i n e .  

These Teflon l i n e s ,  bo th  i n  low p r e s s u r e  ((250 p s i )  
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PORTABLE SLURRY PACKING APPARATUS FOR HPLC 135 

A .  F ront  view B. S ide  view 

Figure  2 - The column packing  appa ra tus  - a 1/4" O.D. x 
30 cm L.  column i s  shown i n  t h e  packing p o s i t i o n .  

s e c t i o n s ,  a l low f o r  t h e  easy  manipula t ion  of components 

which must be changed o r  r e f i l l e d ,  such as t h e  s o l v e n t  

r e s e r v o i r  or gas tank r e g u l a t o r .  

A word of cau t ion  r ega rd ing  t h e  u s e  of t ube  f i t t i n g s  

when assembling t h i s  appa ra tus .  I n  g e n e r a l ,  we have found 

t h a t  tube  f i t t i n g s  u t i l i z i n g  a one p i e c e  f e r r u l e  assembly 

do not have adequate  g r i p p i n g  power t o  i n s u r e  p r e s s u r e  s e a l  

i n t e g r i t y  f o r  t h e  system a t  t h e  r equ i r ed  p r e s s u r e s .  This  i s  

e s p e c i a l l y  t r u e  where 3/8" tub ing  i s  used .  S t a t i c  p r e s s u r e  

t e s t s  a t  10,000 p s i  l e d  t o  repea ted  union f a i l u r e  wi th  one 

p i e c e  f e r r u l e  assembl ies .  We recommend t h a t  a l l  f i t t i n g s  

be of a two p iece ,  f r o n t  and back, f e r r u l e  type  such  a s  t h e  
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136 KIKTA 
Swagelo$ o r  Sno-Trik@ type. 

makes an indented b i t e  i n t o  the tube. This  type of b i t e  

leads t o  a much more secure pressure seal which r e su l t ed  i n  

no s t a t i c  t e s t i n g  f a i l u r e s .  Most u se r s  of HPLC equipment 

do not  usual ly  worry about high pressure leaks because of t h e  

r e l a t i v e l y  incompressible na tu re  of l i q u i d s  and t h e  low 

volumes involved. The Haskel DST-100C pump i s  capable of 

flow r a t e s  up t o  1 . 2  l i t r e s  per minute and pressures  up t o  

16,500 p s i .  A t  such pressures  (> 6,000) and f l u i d  displace-  

ment r a t e s ,  a j o i n t  f a i l u r e  can throw a s e c t i o n  of t h e  

packer, such as  the  packing chamber, a considerable dis tance 

a t  a high ve loc i ty .  The use of proper f i t t i n g s  and s a f e t y  

precautions around the column packer should el iminate  any 

danger of a blow. out .  Our u n i t  has been used f o r  over a 

year  without any leak problems or pressure f a i l u r e s .  

Approximately f i f t y  columns have been packed with t h e  

system. 

This type of two piece f e r r u l e  

PROCEDURE 

The following column packing procedure I s  used f o r  

both bonded phase and s i l i c a  g e l  (nonuniform p a r t i c l e  

shape): (e.g., col.  30 cm L x 4.2 mm i . d . )  

1) Prepare a s l u r r y  of the packing 2 - 2 . 5  g i n  50% 

methanol/50$ ethylene glycol,  t o t a l  volume N 20 cc. 

Through the s ide  p o r t  of t h e  3/8” union T f i l l  t h e  

solvent  r e se rvo i r  with the s lurry.  Note: The b a l l  

valve i s  open. 

F i l l  the  remaining volume (-- 10 c c )  above the s l u r r y  

with methanol. 

Seal  the union T with a 3/8” SS cap. 

2 )  

3) 

4) 
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137 PORTABLE SLURRY PACKING APPARATUS FOR HPLC 

Pressurize t h e  pumping system before the  packing chamber 

shut off valve t o  3,000 p s i .  

Open the  chamber shut  o f f  valve,  

Maintain t h i s  pressure u n t i l  a l l  t h e  glycol/methanol 

mixture I s  eluted and only methanol i s  being e lu t ed .  

This e l u t i o n  p a t t e r n  generates  a packing-solvent 

densi ty  gradient .  

After g lyco l  e lu t ion ,  s tage the  pressure up i n  1,000 p s i  

increments t o  a t  l e a s t  6,000 ps i .  

of methanol between pressurized s tages .  

When the maximum desired pressure i s  reached al low t h e  

column t o  be subjected t o  t h i s  pressure a t  l e a s t  15 min. 

Shut the packing chamber shut off valve. Leave the  

instrument i n  t h i s  s t a t e  a t  l e a s t  1/2 hour. 

Shut the column shut  o f f  b a l l  valve. Leave t h e  

instrument i n  t h i s  state a t  l e a s t  15 min. 

Remove t h e  column and proceed t o  a n a l y t i c a l  evalua- 

t i o n .  For  any column t o  be used i n  a normal phase 

mode,condition the  column w i t h  t h e  s e r i e s  of solvents  

suggested by Sco t t  and Kucera (8) .  

Elute a t  l e a s t  10 cc 

The packing of  sphe r i ca l  p a r t i c l e s  i s  s i m i l a r  except it has 

been observed t h a t  when a po la r  packing slurry i s  used 

extreme foaming of the s l u r r y  i s  obtained. I n  t h i s  case 

we r e so r t  back t o  a more conventional halocarbon solvent  

balanced densi ty  s lu r ry .  

Analyt ical  l i q u i d  Chromatography I s  performed on an 

instrument assembled from components purchased from Waters 

Associates,  Milford, Mass. 

temperature con t ro l  devices have been previously described 

The system and i t s  a s soc ia t ed  
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138 KIKTA 

( 9 ) .  
t i o n  of a F i she r  S c i e n t i f i c  P ropor t iona l  Temperature C o n t r o l l e r  

(F i she r  S c i e n t i f i c ,  Fairlawn, N J ) .  With t h i s  c o n t r o l l e r  

temperature p r e c i s i o n  was f 0.01"C w i t h  an  accuracy  b e t t e r  

than 2 0.02"C. Columns a r e  eva lua ted  f o r  e f f i c i e n c y  us ing  

t h e  following scheme : 

The only modi f ica t ion  t o  t h e  system was t h e  incorpora- 

Normal Phase Packings - Mobile phase n-heptane a t  

1 ml/min; T=40°C; s o l u t e  - 10% v/v benzene i n  heptane; 

i n j e c t i o n  volume - 1 pl; 

Reversed Phase Packings - Mobile phase methanol a t  

1 ml/min; T=40°C; s o l u t e  -10% v/v acetophenone i n  

methanol; i n j e c t i o n  volume - 1 ~ l .  These cond i t ions  

were chosen because they seem t o  g ive  e f f i c i e n c y  va lues  (HETP) 

s i m i l a r  t o  e f f i c i e n c i e s  most o f t e n  observed f o r  ope ra t iona l  

a n a l y t i c a l  systems i n  our  l abora to ry .  The t e s t  sample con- 

cen t r a t ions  and i n j e c t i o n  volumes a r e  no t  e s p e c i a l l y  c r i t i c a l  

as long as t h e  ope ra to r  avoids concen t r a t ion  extremes which could 

lead t o  column o r  d e t e c t o r  overloading or t oo  l a r g e  i n j e c t i o n  

volumes which could lead t o  excess ive ly  l a r g e  e l u t i o n  zones 

f o r  t h e  r ap id ly  e l u t i n g  weekly r e t a ined  s o l u t e s .  The invoca t ion  

of such extreme condi t ions  could lead  t o  t h e  improper eva lua t ion  

of a column. 

RESULTS AND D I S C U S S I O N  

I n  o rde r  t o  eva lua te  t h e  e f f ec t iveness  of our  column packing 

procedure we must e s t a b l i s h  e f f i c i e n c y  c r i t e r i a  which w i l l  

s a t i s f y  our  minimum a n a l y t i c a l  requirements.  Table  1 l i s t s  

the  minimum acceptab le  e f f i c i e n c i e s  we have decided upon i n  

terms of p l a t e s  p e r  meter. These e f f i c i e n c i e s  have proven t o  

be t h e  lowest t o l e r a b l e  va lues  f o r  most r o u t i n e  sepa ra t ions  

performed i n  our l abora to ry .  I n  o rde r  t o  adequate ly  eva lua te  

columns, one should ex tens ive ly  v a l i d a t e  t h i s  o r  o t h e r  c r i t e r i a .  
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PORTABLE SLURRY PACKING APPARATUS FOR HPLC 

Table 1: Minimum acceptance s p e c i f i c a t i o n  i n  terms of 
p l a t e  count us ing  t h e  s p e c i f i e d  eva lua t ion  
scheme. (Ana ly t i ca l  columns 25-40 cm L) 

Mean 
Packing Type P a r t i c l e  Size-Microns Minimum Plates/M 

S i l i c a  10 6,000 

S i l i c a  5 10 , 000 

Bonded Phase 10 3,000 

Bonded Phase 5 5,000 
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Perhaps a more va l id  comparison would be p o s s i b l e  i f  reduced 

p l a t e  he ights  were compared a t  a s e t  reduced v e l o c i t y .  But f o r  

a quick in-house check, we f i n d  t h e  use  of a s e t  v e l o c i t y  and 

comparing p l a t e  p e r  meter va lues  adequate.  Admittedly t h i s  

makes t h e  comparison of 5 and 1 0 p m  columns d i f f i c u l t .  I n  

a d d i t i o n  t o  t h e s e  e f f i c i ency  c r i te r ia  w e  a l s o  s p e c i f y  t h a t  

t h e  base asymmetry be l e s s  than  1.5.  To measure base  asymmetry 

f i r s t  drop a perpendicular  t o  t h e  base l i n e  from t h e  peak 

maximum and then  d r a w  tangents  t o  each s i d e  of t h e  peak. 

Measure the  d i s t ance  from where t h e  tangents  b i s e c t  t h e  base 

l i n e  t o  t h e  perpendicular .  The base asymmetry i s  t h e  

d i s t a n c e  measured f o r  t h e  back h a l f  of t h e  peak d iv ided  by t h e  

d i s t ance  f o r  t h e  f r o n t  h a l f  of t h e  peak. 

Table 2 l i s t s  some e f f i c i e n c i e s  found wi th  columns 

prepared i n  ou r  l a b  us ing  ou r  eva lua t ion  system. The 

importance of u s ing  t h e  s taged  p r e s s u r i z a t i o n  scheme i s  

r e f l e c t e d  i n  Table 2 .  The e f f i c i e n c i e s  of similar columns 

packed us ing  t h e  staged p r e s s u r i z a t i o n  method are gene ra l ly  

observed t o  be g r e a t e r  than  those  packed us ing  a cons t an t  

p re s su re  method. I n  a conventional cons t an t  p re s su re  packing 

procedure an i n i t i a l  high p res su re  i s  used throughout t h e  e n t i r e  
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packing process (1-7) .  Whether packed by e i t h e r  the constant  

pressure o r  staged pressure method, t he  same spec i f i ed  c r i t e r i a  

shown i n  Table 1 a r e  used f o r  eva lua t ive  purposes. 

tend t o  drop as  column length i s  increased.  This wel l  known 

e f f e c t  ( 7 )  does not seem t o  be reduced by using the  staged method. 

Comparing columns 2-5 l i s t e d  i n  Table 2, a l o s s  of 20,000 p l a t e s  

pe r  meter i s  r ea l i zed  by doubling the  column l eng th .  We have 

E f f i c i e n c i e s  

Table 2:  P l a t e  count evaluat ions f o r  columns prepared with 
the  described packing system. 

Col . 
No. 

1 

2 

3 

4 

5 
6 

7 

0 

9 
10 

11 

12 

13 
14 

15 

16 

17 

- 

18 

19 

Stage P res su r i za t ion  
Packing Type/Col. Length and/or Packing P 

5 p s i l i c a  - 25 cm L NO (P=7,000 p s i )  

5 u s i l i c a  - 40 cm L Yes 

5 1-1 s i l i c a  - 30 cm L Yes 

5 1.1 s i l i c a  - 30 cm L Yes 

5 p s i l i c a  - 20 cm L Yes 

10 p s i l i c a  - 30 crn L NO P=~,OOO p s i )  

10 p amine - 30 cm L No P=~,OOO p s i )  

10 p ODS - 25 cm L NO P=~,OOO p s i )  

10 p ODs - 30 cm L NO (~=6,000 p s i )  

10 )A ODS - 30 cm L NO (P-4,OOO p s i )  

10 LI ODS - 25 cm L Yes 

10 j~ sphe r i ca l  ODS - 30 cmLNo (P=~,OOO p s i )  

10 )I O D s  - 25 crn L Yes 

10 p o c t y l  bonded - 30 c m  L No (P=5,OOO p s i )  

10 p o c t y l  bonded - 30 cm L No (Pa5,OOO p s i )  

10 o c t y l  bonded - 25 cm L Yes 

5 ODS - 25 cm L Yes 

5 p ODS - 25 cm L Yes 

10 u benzylchloride (ref. 12)  
30 cm L NO (P=~,OOO p s i )  

P l a t e s  /M 

65,000 

55, 000 

70,000 

70 , 000 

75,000 

14,000 

8,000 

3 9 000 

3,200 

2,400 

10 , 800 
5 , 400 
8 , 400 
5,100 

5 y 000 

8 , 000 
12 , 400 
16 , 500 

4,800 
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PORTABLE SLURRY PACKING APPARATUS FOR HPLC 

found t h a t  columns packed u s i n g  t h e  s t aged  system a r e  more 

r e s i s t a n t  t o  p r e s s u r e  shock d i s r u p t i o n s  of t h e  bed and g ive  a 

longe r  usab le  l i f e .  I t  should a l s o  be noted t h a t  columns packed 

w i t h  t o o  low a packing p r e s s u r e  a r e  observed t o  g i v e  poorer  

e f f i c i e n c i e s  (1-3) .  

14 1 

Equivalent column eva lua t ion  between l a b o r a t o r i e s  i s  

o f t e n  a d i f f i c u l t  t a s k .  A u s e r  can be confronted  wi th  an 

eva lua t ive  chromatogram showing p l a t e  counts  s e v e r a l  t imes  

g r e a t e r  than  those  obta ined  f o r  h i s  a n a l y t i c a l  s e p a r a t i o n  

of i n t e r e s t .  The column e v a l u a t i o n  procedures chosen by u s ,  

g i v e s  p l a t e  counts  s i m i l a r  t o  those  obta ined  wi th  t h e  m a j o r i t y  

of o u r  a n a l y t i c a l  systems and may o r  may no t  be t y p i c a l  of 

problems encountered by o t h e r  u s e r s .  Table 3 compares p l a t e  

counts  ob ta ined  f o r  commercially a v a i l a b l e  columns purchased 

by ou r  l a b o r a t o r y  (manufacturers a r e  no t  named). Two t r e n d s  

can  be noted .  A l a r g e  d i f f e r e n c e  can  b e  seen  between in-house 

p l a t e  counts and those  repor ted  f o r  s e v e r a l  commercial 

columns. This does not  mean t h a t  t h e  manufac tu re r ' s  eva l -  

u a t i o n  i s  i n v a l i d .  It  i s  most l i k e l y  a p e r f e c t l y  v a l i d  

p l a t e  count f o r  t h e i r  system. 

An extreme example of e f f i c i e n c y  v a r i a b i l i t y  as a 

f u n c t i o n  of sample type  can  be a b s t r a c t e d  from a paper  

by Grushka, K ik ta  and Naylor (10) .  A q u a l i t a t i v e  exam- 

i n a t i o n  of f i g u r e  1 i n  t h i s  paper  shows t h a t  peaks f o r  

u r a c i l  andur id ine ,  u n f o r t u n a t e l y  incomple te ly  reso lved  

in th i sexample  a r e  s i g n i f i c a n t l y  narrower than  peaks f o r  

N- f o rmylkynu r en ine  and 3 - hyd roxykynu r e n i  ne which e l u t e  

r e s p e c t i v e l y  be fo re  and a f t e r  t h e  p a r t i a l l y  reso lved  Da i r .  Exam- 

i n a t i o n  of o ld  d a t a  r e v e a l s  a count of approximately 15,000 

p l a t e s  p e r  meter f o r  t h e  u r i d i n e  peak, 3,000 p l a t e s  p e r  

meter f o r  t h e  e a r l i e r  e l u t i n g  N-formylkynurenine peak and 
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142 KIKTA 

Table 3: P l a t e  count comparisons - commercially 
a v a i l a b l e  columns. 

Manu f ac  t u  r e  r 
Designation 

A 

B 

B 

B 

Column Type 

10 u ODS 25 cm L 

10 D om 30 rn L 

10 u n i t r i l e  30 cm L 

10 p n i t r i l e  30 cm L 

10 ).i s i l i c a  30 cm L 

10 j.~ ODS 30 cm L 

5 p s i l i c a  25 cm L 

10  ~ . 1  s i l i c a  25 cm L 

Claimed N/M 

52,000 

10,000 

10,000 

10,000 

10,000 

10,000 

62,000 

60,000 

Found N/M* 

3,000 

14,000 

7,000 

4,000 

12,000 

2,900 

50,000 

14,000 

*evalua t ion  schemes ou t l ined  i n  t h e  exper imenta l  s e c t i o n  

3,200 p l a t e s  p e r  meter f o r  

kynurenine peak. This example i l l u t r a t e s  t h a t  v a r i a t i o n s ,  

most l i k e l y  i n  r e t e n t i o n  mechanism, f o r  compounds from two 

va r i ed  chemical f a m i l i e s  can lead t o  s i g n i f i c a n t l y  d i f f e r e n t  

p l a t e  counts f o r  t h e  same column under t h e  same cond i t ion .  

Secondly, v a r i a t i o n s  between columns of t h e  same type  from t h e  

same manufacturer purchased a t  d i f f e r e n t  t imes can be q u i t e  l a r g e ,  

although q u a l i t y  c o n t r o l  e f f o r t s . a r e  r a p i d l y  reducing such 

problems. To overcome some of t h e s e  v a r i a b i l i t i e s  we 

d e r i v i t i z e  our  own s i l i c a  g e l  t o  prepare  l a r g e  uniform ba tches  

of bonded phases much a s  l a r g e  s c a l e  manufacturers do. The 

d e r i v a t i z a t i o n  and u t i l i t y  of bonded phases has been reviewed 

elsewhere (11). We then  pack s e v e r a l  columns and s t o r e  them 

f o r  f u t u r e  use .  

t h e  l a t e r  e l u t i n g  3-hydroxy- 

We can s e e  t h a t  a comparison of p l a t e  counts 
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PORTABLE SLURRY PACKING APPARATUS FOR HPLC 

obtained f o r  commercial columns and those  packed us ing  t h e  

staged p r e s s u r i z a t i o n  method tend t o  f avor  t h e  s taged  method 

by a small but s i g n i f i c a n t  amount f o r  a l l  but one case .  

Our  bes t  10,u ODS column had 10,800 p l a t e s  p e r  meter while 

t h e  b e s t  commercial column gave 14,000 p l a t e s  p e r  meter.  Both 

columns a r e  among t h e  bes t  10 1-1 ODS columns we have ever  

evaluated wi th  t y p i c a l  columns being cons iderably  poorer .  One 

must q u a l i f y  t h e  above d i scuss ion  by no t ing  t h a t  changes i n  

s i l i c a  can genera te  a s  many problems as t h e  pacKing method. 

The b e s t  packing methods y e t  devised cannot make a good 

column from a poor grade s i l i c a .  
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Problems o t h e r  than those  a l r eady  described can be 

avoided by packing seve ra l  columns a t  a time from a s i n g l e  

ba tch  of packing. A t  t imes a l a b o r a t o r y  is f o r t u n a t e  o r  

o f t e n  unfor tuna te  t o  o b t a i n  a so-ca l led  "super  column". A 

column of t h i s  type i s  one which may provide  two o r  t h r e e  

t imes t h e  e f f i c i e n c y  of a t y p i c a l  column of i t s  manufacture. 

If a c r i t i c a l  s e p a r a t i o n  i s  developed around a column of t h i s  

type ,  a l l  is w e l l  u n t i l  t h e  column i r r e v e r s i b l y  f a i l s .  Then 

one i s  faced wi th  t h e  problem of f i n d i n g  a s i m i l a r  a t y p i c a l  

column. I n  such a s i t u a t i o n  one may f ind  himself ou t  of 

bus iness .  By having evaluated s e v e r a l  columns, one has 

j u s t  packed,one can have a reasonable chance of reproducing 

t h e  sepa ra t ions  obtained on t h e  next column used from t h a t  

l o t .  

CONCLUSION AND SUMMARY 

The column packing appara tus  descr ibed  i n  t h i s  paper 

a l lows  t h e  u s e r  t o  prepare  hplc  columns of  good e f f i c i e n c y  

a t  a most reasonable cos t .  Columns packed us ing  t h e  

descr ibed  system a r e  of equ iva len t  o r  b e t t e r  q u a l i t y  

r e l a t i v e  to commercially obta ined  columns. The p o r t a b i l i t y  
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144 KIKTA 
f ea tu res  of the u n i t  al low it t o  be e a s i l y  s to red  and 

moved from one user's l abo ra to ry  t o  another  with a minimal 

s e t  up procedure. 

columns i n  our laboratory were prepared with th i s  system. 

Commercially ava i l ab le  column packing devices can be 

e a s i l y  adopted t o  the po r t ab le  configurat ion described i n  t h i s  

paper (13). Further  d e t a i l s  regarding the construct ion o r  

use of t h i s  apparatus w i l l  be furnished upon request .  

During t h e  p e s t  year  and a h a l f  a l l  hplc  

1. 

2. 

3. 

4. 

5. 

6. 

7. 

a .  

9. 

10. 

11. 

12. 

13 * 
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