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The dependence of the width of the chromatographic zone on retention time for capillary 
columns was studied theoretically and experimentally. 
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Retention time (tR) and peak width measured at 
half-height (c%) are the main parameters of a chromato- 
graphic peak that are widely used to characterize reten- 
tion of a substance and peak broadening. Therefore, 
elucidation of the functional  dependence between these 
parameters in capillary gas chromatography: 

tR = / ( m h ) .  (1) 

is of certain theoretical and practical interest. 
Previously, it has been found empirically that in the 

case of packed columns,  dependence (1) is linear; I later, 
this dependence was used successfully in the studies of 
broadening of chromatographic zones for light and heavy 
impurities in gas chromatography, z,3 However, in the 
published studies, the linear functional dependence was 
considered only for packed columns (for one nonpolar 
stationary liquid phase and for nonpolar sorbates, viz., 
hydrocarbons), which casts doubts upon its universality. 

The purpose of the present study is to identify the 
form of dependence ( l )  for capillary columns, when the 
main experimental parameters are varied. The study was 
carried out for columns containing two types of station- 
ary liquid phase (SLP) (polar and nonpolar) and for 
three velocities of the carrier gas (larger, smaller, and 
equal to the optimal). 

Dependence (1) is of interest, first, for determination 
of the widths of individual chromatographic zones when 
they are poorly separated from the neighboring peaks; 
second, as a characteristic that would make it possible to 
detect considerable changes in the mechanism of broad- 
ening of chromatographic zones for individual com- 
pounds (in this case, the point corresponding to a com- 
pound with specific properties markedly deviates from 
the general linear dependence (1)); third, for quantita- 
tive characterization of variation of the efficiency of a 
chromatographic co lumn under various experimental 
conditions3). 

C a l c u l a t i o n  and e x p e r i m e n t a l  t e c h n i q u e s  

Theory. The height equivalent to one theoretical plate 
(HETP, H) is known 4 to depend on the carrier gas velocity. 
according to the Golay equation: 

H= l+6k+llk2 d 2 2Dg 2k 
96(1+k)2 Da u+ d~ u+ 3(1 +k)  2 D I u (2) 

where k is the capacity factor, u is the linear velocity of the 
carrier gas, d c is the diameter of the column, Dg is the 
coefficient of diffusion of the sorbate in the gas phase, d r is the 
thickness of the SLP film; Di is the coefficient of diffusion of 
the sorbate in the SPL. 

After the change of variable x = I/k by k = l/x, one can 
write: 

H = I I + 6 x + x ~ ' c g ' u ~  x ~  CI u +  2D8 (3) 
96(I + x) 2 3(1 + x) 2 u �9 

where C~ = dc2/Og; (I = df2/Dl . It is known that 4 

L ( ~  ~2 H = - ~ -  �9 ) , (4a) 

k = tR - tm 
(4b) 

f m 

where L is the length of the column, c% is the width of the 
chromatographic zone measured at half-height, I R iS the reten- 
tion time, and t m is the "dead" time of tile column. From 
relations (4a) and (4b), it follows that 

o r  

t a =V--L--  (5) 

I ~% - ~ (6) 
m t R 

where m = m = l  ~a/5~ 
L " 

Translated from I~estiya Akademii Nauk. Seriya Khimicheskaya. No. 2. pp. 320--322. February, 1 997. 
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Table 1. Dependence of the width of a chromatographic peak (m~/s) on the retention time (ta/min) a t  various linear velocities of 
carrier gas (u/cm s -I = I I .0  (I), 21.4 (I1). 35.7 Oil) ,  12.0 (IV), 20.0 (V), 33.3 (VI)) 

Compound I ~ II" II1" IV ~ V** VI "~ 

t0h IR ~8 t R O h t R o h l R m~ t R (o h t R 

Ethyl acetate 3.17 5.30 2.00 3.01 1.31 i.70 3.07 4.50 1.66 2.76 1.34 1.90 
l-Pentanol 4.84 6.60 2.26 3.50 1.51 2.00 8.66 12.90 336 6.87 2.54 4.76 
ra-Xylene 6.92 10.50 2.29 4.30 1.89 3.01 6.97 11.01 3.19 6.40 2.12 3.60 
n-Decane 9.48 17.00 3.24 8.55 2.58 4.80 4.82 8.10 1.92 4.00 1.49 2.27 

Note. Parameters of Eq. (8): l. a = 1.092, b =0 ,51 ,  R =0.981;11.  a : 1.415, b =0.213,  R =0 .992;  III. a =0 .676 ,  b = 0 . 3 9 8 ,  
R = 0.998; IV. a = 0.16, b = 0_662, R -- 0.991; V. a = 0.335, b = 0.439, R = 0.990; VI. a = 0.536,  b = 0.426, R = 0.998. 
~ For capillary columns with the nonpolar SLP SE-30. 
** For capillary columns with the polar SLP PEG-20M. 

Now we expand the function ~H" into the Maclaurin series 
with respect to x and write down the first two terms: 

1 ~ 
m l R I 2D~ I1 ~" .u )  ~ + 

tt 4 - ~ -  8 

1 Clu - C u l 
+ 12 I l l  2 0 ,  "+ (+> 

J ++ c+. +-~ 

After transformations of Eq. (7), we obtain the following 
expression 

e~ h = a + b" tR. , (8) 

where 

~ 1 7 6  1 
Y N  ~ ---2-1 

b = m ( 2 0 '  + t i e  ) �89  
L u ~ -  . u  (10) 

Since t R = t' R + t m, then 

oJ h = i f +  b. tR,  (11) 

where ~ = a - -  b . t  m. 
Thus, using the known Golay equation, which describes 

the broadening of a chromatographic band as a function of the 
linear velocity of the carr ier  gas for open tubular capillary. 
columns, one can show tha t  the width of a chromatographic 
zone depends linearly on the  retention time. Since the forms 
of dependence of the H E T P  on the linear velocity of the 
mobile phase in gas and liquid chromatography are similar, 
Eq. (8) is likely to be atso valid for liquid chromatography, 
although this requires an addit ional  verification. 

Experimental procedure. The experiments were carried out 
on an LKhM-8MD ins t rument  (the 5th modification) using 
a flame ioniza t ion  d e t e c t o r .  Quartz capillary columns 
(30 m• ram) with SE-30  and PEG-20M (Restek Corpo- 
ration) as liquid stationary phases were used; the SLP film was 
0.5 mm thick. 

The conditions of the analysis were the following: helium 
as the carrier gas; temperature of the vaporizer 250 ~ tern- 

perature of the column 100 oC; sens i t iv i ty  50 .10  -12 A, flow 
ratios, 1 to 70. A mixture of ethyl ace ta te ,  I -pentanol, m-xylene. 
and n-decane was used as the m o d e l  mixture. 

Results and D i s c u s s i o n  

Previously, I the linear d e p e n d e n c e  between w~ a n d  t R 
(see Eq. (8)) was established o n l y  for  particular e x p e r i -  
m e n t a l  condit ions.  Therefore, i t  was  o f  interest to ver i fy  
w h e t h e r  or not  dependence (8) h o l d s  for capillary c h r o -  
ma tography  with various e x p e r i m e n t a l  parameters.  T a b l e  1 
presents  the  experimental  values o f  a and  b in Eq. ( 1 1 ) as 
well as the  correlat ion coe f f i c i en t s  (R)  tha t  reflects the  
a g r e e m e n t  be tween Eq. (8) and  e x p e r i m e n t a l  data. 

It follows f rom Table t t h a t  Eq.  (8) describes q u i t e  
adequa t e ly  the  set of e x p e r i m e n t a l  da ta  obta ined  w h e n  
t he  type of  SLP,  exper imental  c o n d i t i o n s ,  and t h e  type  
o f  c o m p o u n d s  under  analysis we re  var ied over  w ide  
ranges.  

Thus ,  the  l inear  d e p e n d e n c e  b e t w e e n  the w i d t h  of  
t he  c h r o m a t o g r a p h i c  zone a n d  r e t e n t i o n  t ime is also 
val id for capi l lary c h r o m a t o g r a p h y ,  and  this  d e p e n d e n c e  
ho lds  i rrespect ive of  the type o f  S L P ,  the  velocity o f  the  
ca r r i e r  gas, and  the type o f  c o m p o u n d  sub jec t ed  to 
analysis .  

The  au thors  are grateful t o  t he  Restek  C o r p o r a t i o n  
for providing the  columns. 
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