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Abstract - Gas chromatographic columns, which hdve 
internal diameter 1-4 mm, but a re  not longer than 25-30 cm, 
could be used i n  the  ana ly t ica l  pract ice  i f  the  packing has 

spread surface. Untreated and modified s i l i c a  ge l  
was u t  l i zed  f o r  this purpose i n  order t o  obtain columns 
with d i f fe ren t  polarity.  It i s  shown the influence of the 
column length, in te rna l  diameter and pa r t i c l e  s i ze  of 
packing on the  efficiency, re tent ion volumes, re la t ive  
retent ion etc. 

INTRODUCTION 

The column i s  the simplest, but most important p&, of the apparatus f o r  
gas chromatography and design of the column has a t t rac ted  the a t ten t ion  of 
aany spec ia l i s t s .  Although various types of column have been proposed (e.g. 
open tubular,  SCOT, F", WCGT, wide bore or  micro-packed) f o r  most 
applications the  usual form of packed columns has not undergone much change- 
apart from a reduction i n  s i ze  f o r  some purposes. 

There a r e  three ways i n  which it i s  possible t o  reduce the s i ze  of a packed 
coluan (ref.  1 4 3 ) ,  i.8. by reducing i t s  in te rna l  diameter, i t s  length or 
both in te rna l  diameter and length. The in te rna l  diameter of micropacked 
columns can be reduced below 1 mm, but high i n l e t  pressures a re  required. 
V e r y  l i t t l e  systematic work has been carr ied out with shortened columns of 
nomiel dianteter ( i . 8 .  2-4 m). Colu8ms of this type a re  sometimes used in 
combination with capi l lary columns (ref .  14-16): i n  all cases, high i n l e t  
pressures have been required t o  ob ta in  low values of RETP. The work repor- 
ted  here has been carr ied out with columns of in te rna l  diameter 1-4 mm and 
length 25-30 cm. The columns were packed with middle-sized graded packing 
and normal i n l e t  pressure was used. 

The measurements shown in the following were carr ied out with untreated, 
and modified with h e y e t h y l d i s i l a z a n e ,  wide pore s i l i c a  gel, whose spec i f ic  
surface was S = 217 m /g. 

iNLET PRESSURE 

The decrease of the pa r t i c l e  s ize ,  i n  order t o  obtain b e t t e r  efficiency 
leads t o  an increase of the i n l e t  pressure. It i s  desirable however t o  
maintain it as low as 
The data show (Table 17, that the  i n l e t  pressure of the columns under 
investigation is  a l i nea r  function of the column length. 

T h i s  r e su l t  i s  i n  agreement with the expression (ref .  17): 

ossible  t o  avoid the  need of gas l i n e  reconstruction. 

AP = Bqc3L/dp 2 

where AP i s  the difference between the i n l e t  and out le t  pressures of the 
column, q i s  the viscosi ty  of the gas-car r ie r ,d  i s  the flow ra te ,  i s  
the pa r t i c l e  diameter and B i s  constant. If the upper l i m i t  of the $inlet  
pressure expressed as in l e t /ou t l e t  pressure r a t i o ,  i s  2.4-3, it could be 
seen from the data that it i s  possible t o  work even with f i n e r  pa r t i c l e s  
of the packing. 

The dependences between the i n l e t  pressure and in t e rna l  column diameter 
and meen par t i c l e  diameter of packing are not l inear.  They show that for 
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a 20 cm columns with diameter 2 mm and grain s i ze  63 - 71 A m  the  r a t i o  
Pi/??, is  below 2, which allows t o  make a fur ther  optimization of the  column. 

TABLE 1. Column charac te r i s t ics  

KETP mm VN cm 3 
L cm dc mm dp /.Cm Pi/po 

10 
15 
20 
25 

20 
20 
20 
20 

20 
20 
20 
20 

20* 
20* 
20* 

l o * *  
15** 
20* * 
25* * 
90 
go* * * 

2 
2 
2 
2 

2 
2 
2 
2 

1 
2 
3 
4 

4 
4 
4 

2 
2 
2 
2 

2 

2 

63 - 71 
63 - 71 
63 - 71 
63 - 71 
go - 100 
80 - 90 
71 - 80 
63 - 71 
63 - 71 
63 - 71 
63 - 71 
63 - 71 

80 - 90 
71 - ao 
63 - 71 
go - 100 
go - 100 
go - 100 
go - 100 

80 - 90 

150 - 180 

1.4168 
1.4734 
1 . 7237 
1 7923 

1 *4622 
1 e4692 
1,6984 
'I . 7237 

2 3348 
1 9 7237 
I 4504 
1 .31W 

1.2410 
1 c 3230 
1 3661 

1,2133 
1 . 2961 
1.3803 
1.4236 

2 . 5890 

1.4390 

0.42 
0.36 
0.32 
0.40 

0.42 
0.38 
0.32 
0.32 

0.32 
0.32 
0.41 
0.57 

0.49 
0.54 
0.48 

0.53 
0.55 
0.45 
0.54 

1.65 

0.54 

7 .7 
10.6 
14.1 
18.6 

10.0 
12.4 
14.1 
14.8 

10.2 
14.1 
27.5 
29.6 

46.1 
44. 5 
45.2 

7.6 
14.2 
19.3 
24.8 

67.8 

44.1 

*Unmodified s i l i c a  gel ,  column temperature 130 O C .  

**Modified s i l i c a  gel ,  coated with 9.84% squalane, column 

***Chromosorb W / H P ,  coated with 10% squalane, temperature 

The unmarked columns were investigated a t  60 O C .  

temperature 60 O C .  

60 OC. 

The corresponding data in  the t ab le  for the short  columns could be compa- 
red with the data f o r  columns with length 90 cm. One of themwas packed 
with modified s i l i c a  gel and the  other w a s  packed w i t h  packing squalane on 
Chromosorb W/HP. It i s  evident t ha t  p rac t ica l ly  the short  columns have i n  
most cases a normal pressure ratio not higher than 2. 

The r a t i o  d d i s  an in te res t ing  column parameter. Fig. 1 presents the 
influence P/ofc this parameter on the  pressure ra t io .  The l i n e  I shows the  
change of pressure r a t i o  depending on the mean pa r t i c l e  s ize ,  a t  constant 
column diameter 2 m. The l i n e  2 express the function of pressure ra t io  i n  
the case of constant pa r t i c l e  s i ze  63-71 p m .  Similar  r e su l t s  a re  obtained 
f o r  micropacked columns too (ref.  18). The cross point of the l i n e s  
corresponds t o  the optimal value of the diameter ratio. 

HEIGHT OF THEORETICAL PLATE (HETP) 

The HETP i n  a l l  cases under investigation a re  lower than 0.6 mm. Pract ical-  
l y  an efficiency of almost 3000 theore t ica l  p la tes  per  meter could be 
achieved. HETP i s  independent of the  column length, but depends on the  
column diameter. The las t  r e su l t  f o r  capi l lary packed columns was obtained 
from other authors too (ref .  5). 
As i s  known uniform f i l l i n g  of the columns could be achieved i f  the  
r a t i o  \/d i s  not higher than 0.5 (ref .  8, 19). For d i f fe ren t  type columns 
it i s  a f k l o w s :  capi l lary packed columns - from 0.2 t o  0.5; micropacked 
columns - lower than 0.2; usual packed columns - 0.03. 
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It could be seen from curve 1 (Fig. 2) that  the columns under invest igat ion 
with constant column diameter (2 mm) but d i f fe r ing  i n  the  pa r t i c l e  s i ze  of 
packing correspnds t o  the capi l lary packed columns. Curve 2 (Fig. 2) shows 
that HETP increases at  the  values of diameter r a t i o  corresonding t o  3 and 
4 mm columns (constant pa r t i c l e  s i ze  63 - 71 p m ) .  
favourable the decrease of p la te  height i s  due probably t o  the dry method 
of f i l l i n g .  

The long column (90 cm) packed w i t h  
shows very high value of the  KElcP i f  it i s  compared with the value 
f o r  the  short  columns. The height of the theore t ica l  p l a t e  f o r  the column 
packed with squalane on Chromosorb W/HP however i s  almost equal t o  the HEXP 
of the short  columns with squalane coated on modified s i l i c a  gel. 

Since the r a t i o  i s  

modified s i l i c a  ge l  (80 - 9OPm) 
obtained 

RETENTION VOLUMES 

The spec i f ic  re tent ion of benzene per un i t  packing surface has a constant 
value, as it was observed in the  case of usual packed columns (ref .  20). 
The ne t  re tent ion volumes however change depending on the  parameters con- 
nected with the t o t a l  sorbent surface i n  the columns. It i s  in te res t ing  the  
dependencebetween the net  re tent ion volume per gram s i l i c a  ge l  and pa r t i c l e  
s izes . I t  increases a t  the small pa r t i c l e  s izes ,  which indicates  some in- 
crease in the spec i f ic  surface. The measurement of the specif ic  surface by 
the method of the thermal desorption gave no difference i n  the  spec i f ic  
surfaces of the s i ze  fractions.  Probably the sens i t i v i ty  of the method i s  
not suff ic ient  t o  show the change, while the  re tent ion i s  influenced from it. 

RELATIVE RETENTION AND CAPACITY 

The change i n  the r e l a t i v e  retent ion,  measured by the p a i r  benzene/cyclo- 
hexane, i s  similar t o  the  change of the retent ion volumes. The increase of 
the  t o t a l  surface of  the  packing leads t o  an increase of the r e l a t ive  
retention. More in te res t ing  i s  the dependence of r e l a t ive  retent ion on the  

7 Fig. 3) .  
a r t i c l e  size. The highest values are  obtained a t  the  lowest pa r t i c l e  s izes  

'*0° I 
Fig. 3.  Relative retent ion 

(cyclohexane/benzene) as a 
function of pa r t i c l e  size. 

L 
50 60 70 80 90 100 a,,um 
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f- Fig. 4, Separation of mix- 
tu re  of cyclohexane (1 ) 
and benzene (2). Column 
20 x 0.2 cm, 6OoC, sil ica 
ge l  63 - 71 p m  (HMDS). 

2 

Fig. 5. Separation of mixture 
of n-pentane (1 ) , cyclohexane - 
2), n-heptane ( 3 ) ,  isooctane , n-octane (5), benzene (61, 

n-nanane (71, n-decane (8) and 
toluene ( 9 ) .  Column 20 x 0.2 
cm, 50 - 12OoC, 1 5 O / m i n ,  s i l i c a  
gel  63 - 71 p m .  

3 

n4 

5 

6 

For the columns under investigation r e l a t ive  retent ion increases i f  column 
length, column diameter and pa r t i c l e  dismeter increase too. The values of 
the r e l a t ive  retent ion a re  between 1.40 and 1.70. The corresponding values 
on the  column packed with squalane on Cbromosorb W/HP and on the long 
column w i t h  unmodified s i l i c a  g e l  a re  1-27 and 1.72. 
The values of the  capacity, calculated f o r  the columns under investigation 
a re  between 25 and 40. They are  therefore close t o  the usual packed columns 

= 5-100) and d i f f e r  considerably from the packed capi l lary columns [$ = 0.1-5). For instance the column with squalane on Cbromosorb W / H P  has 
kt = 26 and the column with modified s i l i c a  ge l  (90 cm) has k t =  67. 

The higher values of the capacity allows 
without any s p l i t t e r ,  which i s  very convenient. 

work with the  short  columns 

CONCLUSIONS 

The short  packed columns could be used successfully i n  gas chromatography. 
Their advantages a re  as follows: 

1. Low values of the height of theore t ica l  p la te ;  
2. Easy preparation and use; 
3. Normal i n l e t  pressure; 
4. No s p l i t t e r ;  
5. Economical and cheap. 

Some disadvantages should be mentioned: 

1. The dead volume of the gas l i n e  including the detector has t o  be small; 
2. Need of closely s i ze  graded packing material;  
3. The limited length of the column gives a re la t ive ly  low t o t a l  number of 
theore t ica l  plates.  In  the case when the efficiency i s  not suf f ic ien t  it i s  
necessary t o  improve the separation by choosing se lec t ive  packings. 
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SYMBOLS 

- column diameter; - particle diameter; bp 
KETP - height equivalent t o  one theoretical plate; 
k' - capacity of column; 
L - column length; - i n l e t  column pressure; - outlet column pressure; 

- net retention volume; - re la t ive  retention, the r a t i o  of the adjusted reten- 

Pi 
Po 
vN 
d 

t ion  volumes of cyclohexane and benzene. 
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