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PREPARATION OF HIGH EFFICIENCY 

COLUMNS FOR HIGH PERFORMANCE 

LIQUID CHROMATOGRAPHY 

C. C. Siemion 
Ethyl Corporation 

1600 West Eight Mile Road 
Ferndale, Michigan 48220 

ABSTRACT 

This method employs a special ly  constructed s l u r  
reservoir,  which features  an internal  taper and a quiz-disconnect 
pump f i t t i n g .  
system t o  maintain a s lur ry  of packing material as a "sid 
within the reservoir.  
is poured into the empty reservoir-column assembly. The column 
packing material  is  introduced as an isopropanol slurry and the  
reservoir is  f i l l e d  with isooctane. 
ted t o  a Haskel DSTV 122C pump, and the column is  packed with 
isooctane a t  10,000 p s i  pressure. 

40,000 pla tes  per meter f o r  10-micron s i l i c a ,  30,000 p la tes  per 
meter f o r  10-micron C18, and 70,000 plates  per meter for 5-micron 
C packing materials.  We have used t h i s  method for  preparation 01 over 35 HPLC columns during the past  two years. 

A major innovation is the use o f  a three-solvent 

A measured amount of carbon t e t r agyor ide  

The assembly is then connec- 

This procedure provides HPK columns with eff ic iencies  of 

INTRODUCTION 

The general procedure and l is t  of required apparatus fo r  the 
production of HPU: columns have been previously described [1,2).  

Copyright 0 1983 by Marcel Dekker, Inc. 
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PREPARATION O F  HIGH E F F I C I E N C Y  COLUMNS 767 

Many papers have appeared i n  the l i t e r a tu re ,  each adding to  the 
general technique. 

Kikta (3) t o  allow f o r  a rapid connection t o  the  pressurizing 

solvent, the use of a hand-tightened s lur ry  vessel by Berendsen 

(4) t o  allow rapid attachment, and the recommendation by Uden (5) 
t ha t  the s lur ry  reservoir  should have an internal  taper t o  pre- 

vent turbulent flow. Since a s lur ry  reservoir  tha t  had an in t e r -  
nal taper and tha t  could be attached t o  the  pumping system by 

means of a hand-tightened f i t t i n g  was not commercially available,  
a device meeting these requirements was designed and constructed 

(Figure 1 ) .  

Examples a re  the use of a ba l l  valve by 

I n i t i a l  attempts a t  column packing u t i l i zed  the  generally 

recommended techniques of f i l l i n g  the  column with isopropanol, 
adding a s lu r ry  of packing i n  isopropanol, pressurizing, and 

packing with isooctane. These produced usable columns, but they 
were ra ther  low i n  p la te  count (10,000 t o  12,000 plates/meter).  

On the  bas i s  tha t  lsss intermixing i n  the s lur ry  reservoir  would 

occur if a denser solvent was used i n  the  column; carbon tetra- 
chlor ide was selected t o  f i l l  t he  column. 

with a t  l e a s t  twice the p l a t e  count as previously obtained. 

attempt was made t o  produce almost immiscible layers  by using 

methanol as the  s lur ry  solvent. Unfortunately, methanol i s  an 
ineffect ive s lur ry  solvent, and t h i s  system produced very poor 
columns. Apparently, the function of the  solvent i n  producing a 

s tab le  s lur ry  is  more important than i ts  imniscibi l i ty  with regard 
t o  the  other solvents i n  the system. 

This produced columns 
A n  

Pouring isopropanol slowly down the  s ide of a cylinder on 

top of a layer  of carbon te t rachlor ide and then carefu l ly  adding 

a layer  of isooctane produces a three-layer system. 

has been used t o  maintain the s lur ry  of the  packing as  a llslugI' 
between the  carbon te t rachlor ide contained i n  the column and the  
isooctane i n  the upper portion of the  s lur ry  reservoir.  

system produced the best  columns. 

This concept 

This 
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768 SIEMION 

FIGURE 2 

1. Pump, Haskel DSTV 122C. 
2. 
3. 

Main Valve--located between the high flow regulator and the pump. 
Bypass Valve--to allow pumped solvent to recycle into the solvent 
reservoir. 
Note: All of the above plus an air-line filter, pressure gauge, and 

connecting tubing are available as Assembly No. 29426-122 
from Haskel Engineering and Supply Co. ,  Burbank, 
California. 
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PREPARATION O F  HIGH E F F I C I E N C Y  COLUMNS 7 69 

APPARATUS 

See Figure 2. 

MATERIALS 

1. Carbon Tetrachloride, ACS Reagent. 

2. Isopropyl Alcohol (Propanol-2), HPLC grade. 

3. Isooctane (2,2,4-trimethylpentane), HPLC grade. 

4. Spherisorb Slow (10-micron spherical s i l i ca )  

Spherisorb S5 ODS (5-micron spherical s i l i c a  with 

octadecyl reverse phase coating). 

Spherisorb SlOODS (10-micron spherical s i l i c a  with 

octadecyl reverse phase coating) 

Manufactured by Phase Separations, Ltd. and available 

through Alltech Associates. 

4. 

5. 

6. 
7. 

8. 
9. 

Column Shutoff Valve - Whitey SS-4PDF4. 
(Whitey Co. , Cleveland, Ohio). 
Although this valve is nominally rated at 6000 psi, we have been 
using this type with no problems since the valve is only used to 
release pressure. 
Slurry Reservoir (Figure 1)--304SS. - 3/4" O.D. x 1/211 I .D.  x 
17" L welded to 3 /8"  O.D. x 3/16" I .D.  x 1-1/2" L with an internal 
taper. 
Note: Similar reservoirs are  now commercially available. These are  

manufactured by Scientific Systems Inc. and are  distributed 
by Applied Science. 

Reducing Union - Stainless Steel, 3/8" x 1 / 4 "  (Swagelock). 
Pre-Column - 1 /4"  O.D. x 4.6 mm I.D. x 5 cm L.,  Stainless Steel, 
"Li-Chroma" (Alltech Assoc. ) 

Union - Stainless Steel, 1 / 4 "  x 1 / 4 "  .bored through (Swagelock). 
HPLC column - 1/4" x 4.6 mm I.D. x 25 cm L,  Stainless Steel, 
"Li-Chroma" (Alltech Assoc.) . 

10. End Fitting - Parker 4-1 Z2HBZ-2-SS C-1/4" column end fitting, 
inverted nut ,  with 2-micron internal frit (Forberg Scientific, Oak 
Park, M I . ) .  

11. Effluent Reservoir--one-gallon metal can. 
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770 SIEMION 

I N I T I A L  SETUP 

The Haskel pumping system was modified by replacing the  

o r i g i n a l  column shutoff valve (manufactured by Dragon) with t h e  

Whitey valve.  
of t h e  Dragon valve. Later, however, w e  suspected t h a t  the  

" s t r a igh t  -through" design of the  Whitey valve may con t r ibu te  

t o  increased e f f i c i ency  of the  columns produced. 

should be r i g i d l y  secured t o  allow ample space below t o  a t t a c h  

the  r e se rvo i r  and column. 

below the  o u t l e t  of t he  column shutoff valve.  A 1/2" a i r  l i n e  

supplying a t  l e a s t  85 p s i  i s  requi red  t o  d r ive  the  pump a t  10,000 
p s i  output. 
of cu t t i ng  o i l s ,  welding sca l e ,  and metal chips by scrubbing a l l  

i n t e r n a l  sur faces  with a pas t e  of aluminum oxide and green soap, 

r i n s ing  with d i s t i l l e d  water and acetone, and blow drying with 

nitrogen. 

This was o r i g i n a l l y  done due t o  repeated f a i l u r e s  

The pump 

This w i l l  r equ i r e  a t  least 3-1/2 f e e t  

The s l u r r y  r e se rvo i r  should be thoroughly cleaned 

PROCEDURE 

The solvent tank is  f i l l e d  with isooctane with t h e  main 

valve and column shutoff valve closed, After opening t h e  bypass 
valve s l i g h t l y ,  t he  a i r  supply is  turned on and t h e  r egu la to r  is  
adjusted t o  approximately 20 p s i .  The main valve is then slowly 

opened, and t h e  pump is  allowed t o  cyc le  slowly u n t i l  t h e  l i n e s  

are primed. The bypass valve is slowly closed, and t h e  regula tor  

i s  adjusted u n t i l  t h e  gauge ind ica t e s  10,000 p s i .  

valve i s  then closed, and t h e  bypass valve i s  slowly opened t o  

r e l i e v e  t h e  pressure  and then c losed  again. 

The main 

The end f i t t i n g  (with 2-micron frit) is sea ted  onto t h e  
o u t l e t  of an empty 4.6 mm I . D .  x The 
column is a t tached  by t h e  1/4" bored-through union t o  t h e  o u t l e t  

of t h e  s l u r r y  reservoi r ,  and t h i s  assembly i s  s e t  as ide .  The 

i n l e t  end of t h i s  column should b u t t  snugly aga ins t  t h e  pre-  
column, i n s i d e  of  t h e  1/4" - 1/4" union. 

The required amount of packing (2.9g of  SlOI o r  3.5g of 

1/4" O.D. x 25 c m  column. 

S5 ODS o r  S10 O D s )  i s  s l u r r i e d  i n  25 m l  of isopropyl alcohol i n  
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PREPARATION OF HIGH EFFICIENCY COLUMNS 771 

a 50-ml Erlenmeyer flask. 
f o r  one minute. 

i n t o  the top of t he  column-reservoir assembly, followed by the  
freshly sonicated s lurry.  This s l u r r y  should be ca re fu l ly  poured 
down the s i d e  of the reservoir ,  taking ca re  not t o  leave any 
residue on the top f i t t i n g .  
f u l l y  running isooctane down the s ide  of the reservoir  u n t i l  
f i l l e d .  

system by means of the Tyco Pressure Transducer f i t t i n g s  (model AD-1) 
on the  top of  the reservoir  and the o u t l e t  of  the column shutoff 
valve. 
t ightening. The colunn shutoff valve i s  opened, and the  valve 
and adjacent tubing a re  tapped t o  r e l e a s e  any bubbles. 
column shutoff i s  then closed, the bypass valve i s  opened, and 
the  pump is turned on and cycled slowly t o  purge any air from 
the l i n e s .  

closed, t he  regulator is  turned up u n t i l  t he  gauge r e g i s t e r s  
10,000 ps i ,  and the main valve i s  opened f u l l y .  This column 

shutoff valve i s  opened suddenly with one motion, and the pump 
i s  allowed t o  cycle  a t  f u l l  output. 
w i l l  be somewhat violent ,  a l a rge  (1  gallon) container should 
be provided under the column o u t l s t  t o  contain the spray. 
This w i l l  quickly subside t o  a f i n e  stream. 
t h i s  f i n e  stream has been col lected,  the main valve f o r  the 

pump i s  canpletely turned off. 
u n t i l  the  gauge r e g i s t e r s  0 p s i .  
opened, and the column is  ca re fu l ly  removed from the column- 
reservoir  assembly. There should be a small amount of packing 
i n  the  short  pre-column tube. The packing a t  the column i n l e t  
is ca re fu l ly  leveled and an i n l e t  end f i t t i n g  (with 2-micron 
frit) i s  attached. 

This s l u r r y  is sonicated under vacuum 
A 25-ml al iquot  of carbon t e t r ach lo r ide  i s  poured 

The reservoir  i s  then f i l l e d  by care- 

The reservoir  is  then quickly attached t o  the pumping 

This f i t t i n g  w i l l  withstand 10,000 p s i  with only hand 

The 

After a few cycles, t he  bypass valve is  slowly 

Since t h e  i n i t i a l  surge 

After 100 m l  of 

The system i s  allowed t o  s i t  
The bypass valve i s  then 

The column may now be equi l ibrated and checked for qual i ty .  
The equi l ibrat ion f o r  the s i l i c a  columns is performed by pumping 

acetone, methylene chloride,  and heptane a t  3 . 5  mljmin f o r  30 

minutes each, i n  succession. The equi l ibrat ion f o r  the ClB 
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772 SIEMION 

reverse-phase columns is  performed i n  a s imilar  manner using 
methylene chloride,  methanol, and 60:40 acetonitri1e:water a t  

3.5 ml/min f o r  20 minutes each. 
The qua l i ty  of the column i s  determined by a p l a t e  count 

measurement. The conditions used f o r  the s i l i c a  columns a r e  a s  

follows: mobile phase, heptane; flow, 0.5 ml/min; detection a t  

254 nm, 0.1A f u l l  scale;  10-mv recorder at 2 in/min; 2 0 p l  

i n j ec t ion  (Rheodyne Model 7120) of a solut ion of benzene i n  

heptane (approximately 0.01% by volume - enough to produce a 
70-80% deflect ion on the recorder).  The conditions used f o r  

the c18 reverse-phase columns a re  a s  follows: mobile phase, 

60k40 acetonitri1e:water; flow, 0.5 ml/min; detect ion of 254 nm, 

0.1A f u l l  scale;  10 mv recorder a t  0.5 in/min; 10-ul i n j ec t ion  
of  a solut ion o f  acenaphthene i n  the  mobile phase (approximately 

0.01% weight t o  volume - enough t o  produce a 70-80% deflect ion 

on the  recorder).  

Model 440 W detector  (Water Assoc.). 

Equipment used was a Model 6000A pump and 

CALCULATION 
(Figure 3) 

The horizontal  dis tance from the point  of i n j ec t ion  t o  the 
t o  the apex of the peak (tR) i s  measured, 
a t  half  peak height (W) is  a l s o  measured. The p l a t e  count (N) 

is  then calculated: 

The width of the peak 

The symmetry of the peak can be determined by calculat ing 
the "asymmetry factor".  A v e r t i c a l  l i ne ,  normal t o  the baseline,  

i s  dropped through the apex of the peak. 

t h i s  l i n e  a t  a dis tance from the basel ine t h a t  is  10% of the peak 

height. 

baseline,  t h a t  i n t e rcep t s  both s ides  of t h e  peak. The distance 
along t h i s  l i n e  from the v e r t i c a l  l i n e  t o  the right-hand peak 
intercept  (Y) i s  measured. The distance t o  the left-hand i n t e r -  

A point  is marked on 

A l i n e  is  drawn through t h i s  point ,  p a r a l l e l  t o  the 
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a 
c 

c 
0 z- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
4
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



774 SIEMION 

cept  (X) is s imi l a r ly  measured. The tlasymmetry f ac to r "  a t  10% 

peak height is then calculated 

As(lO%) = Y / X  

Results of these calculat ions on columns prepared by t h i s  tech- 

nique are as follows: 

Col.No. 

1 2  
13 
15 
16 
19 
20 
2 1  
22  
24 
25 
26 
27 
35 
37 
38 
39A 
40 
4 1  
4 2  
43 
44 
45 
46 
47 
48 
49 
50 
51 
59 
60 
61 
62 
63 
64 
65 

Packing 

s l @ W  
t l  

Sl@ODS 
I t  

I t  

I t  

S50DS 

SlgODS 
I t  

II 

11 

I t  

SSODS 
SlNDS 

I t  

I t  

11 

t I  

I t  

I t  

I t  

I t  

I t  

I t  

I t  

I t  

I t  

t l  

s5w 
II 

I t  

s10w 
s1gw 
s5w 

II 

N/Meter 

43 , 064 
41 , 124 
24,388 
2 1  , 284 
25,059 
25,035 
74 , 843 
73 , 506 
23,111 
30,337 
23 , 396 
38 , 820 
66 , 004 
44,413 
41 , 093 
34 , 147 
50,580 
43 , 946 
24,945 
39 , 903 
37,968 
23 , 926 
28,512 
27,033 
26 , 541 
22,784 
29,075 
27 , 381 
33,532 
29,300 
26,718 
38 , 779 
41 , 616 
48,116 
34 , 045 

As (10%). 

- 
1.30 
1 . 1 2  
1.25 
1.35 
1.08 
1.14 
1.08 
1.39 
1.49 
1.61 
1.50 
1.25 
1.46 
1.16 
1.32 
0.98 
1 .41  
1.14 
1.28 
1.38 

There is reason t o  suspect t h a t  t he  S5W columns gave lower 

p l a t e  counts than expected due t o  adsorbed water on the stock 
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PREPARATION OF HIGH EFFICIENCY COLUMNS 775 

packing. The recommendation of Majors (6) on heating the s i l i c a  

gel t o  200°C p r i o r  t o  use as  an HPLC packing was not followed 
i n  preparing the s i l ica  columns. 

used as  the mobile phase i n  determining the p l a t e  count f o r  tke 
sil ica columns. Since no special  precautions (such as drying 

over molecular sieve,  e t c . )  were followed, the number l i s t e d  

may not represent t he  ul t imate  p l a t e  count f o r  a colunn. 

Also, HPLC grade heptane was 
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