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Evaluation of the polarity and boiling points ot" nitrogen-containing 
heterocyclic compounds by gas chromatography 
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Experimental gas-chromatographic data for 55 aromatic and aliphatic N-containing 
heterocyclic compounds and C5--C13 n-alkanes are analyzed. The polar constituents of the 
bolting points i T o ) were calculated as the difference between the boiling points measured 
directly and the ~oiling points calculated from GC data obtained on a nonpolar column. 
Depending on the number, nature, and position of heteroatoms ,and aikyl groups in the rings 
and the structures of the molecules, the T ol values vary, from -11 ~ to +82 ~ The possibility of 
using Tpo I values to estimate the physicoc~lemical properties of compounds is discussed. 
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Corre la t ions  between the  re ten t ion  parameters  and  
boil ing points  of  compounds  are used in gas chromatogra-  
phy ( G C )  for identit]cation of  c o m p o u n d s  and in physico-  
chemica l  strudies. I - 4  The  co r re la t ions  are feasible w h e n  
co lumns  with nonpolar  s ta t ionary  phases are used. How-  
ever, in this c~.se, too. bo i l ing .po in ts  of  polar c o m p o u n d s  
calculated from G C  data marked ly  deviate from exper i -  
men ta l  values if the corre la t ion  plot  is constructed using 
n-alkanes.  The polar  cons t i tuen t s  o f  the boiling points  
(T~ot) have been found as the  difference between the  
bod ina  points  measured directly and  those calculated from 
G C  values for cornpotnlds with var ious  functional groups: 
e thers ,  halides,  ketones, a ldehydes ,  elc. ! 

T h e  purpose  of this work was  to de t e rmine  the  polar  
c o n s t i t u e n t s  of  the  boil ing p o i n t s  o f  n i t r o g e n - c o n t a i n i n g  
he te rocyc l i c  c o m p o u n d s  wi th  va r ious  molecu la r  s t ruc-  
tures  and  to expiore  the poss ib i l i ty  o f  using the resu l t ing  
values for d e t e r m i n a t i o n  o f  p h y s i c o c h e m i c a l  p roper t i es  
of  c o m p o u n d s .  

Experimental 

File retention indices of piperidines, morpholines, thio- 
morpholines, 5 oxazoles, thiazoles. 6 imidazoles (at t50 ~ 7 
pYr{d[nes, 8 and ~,ame ar0rnat~c he:ter0cycl,3s with several  N 
atoms in the ring ~,9 were determined previously on a nonpolar 
glass capilla~' column with OV-10 |  at 110 ~ The retention 
indices of pyrrolidme. N-methylpyrrolidine. cyclohexane, and 
its alkyl derivatives were calculated for a column with OV-101 
(50 m x 0.3 ram1 at }10 ~ in this work. The phase layer 
thickness was 0.4 !tin. A Pye Unicam 104 chromatograph with a 
flame ionization detector modified for the work with capillary 
columns was used. The detector and injector temperature was 
200 ~ and helium was used as the canier  gas. 

The standard compounds used for gas-chromatographic de- 
temlination of tile boiling points were Cs--C!3 n-atkanes. The 
"n-alkanc boiling point ( ' /)--retention index ([~" correlation. 
presented in Fig. l, is described, with an accuracy of 2 '~C, by the 
equation 

Tb.p. = -148.74 +- 0 . 4 1 3 5 l -  0.0000912 = T;,o,,~ol. (I) 

~ e  boiling points of nitrogen-containing compounds, lbund 
from Eq. (1) using the I values determined on a column with 
OV-t01 and designated by Tno~tpo I, are presented in Table 1. 
The polar constituents of bolting points of the sorbates under 
study (Table 1) were calculated from the equation 

Tpol = %.p.- ~,o, .of (2) 

where Tt~. are experimental boiling points taken from the 
literanlrs l I 
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Fig. 1. Retention indices of  n-alkanes vs boil ing poinLs. 

Translated from lzvestiya Akademii Nauk. Seriya Khimicheskaya. No. 2, pp. 323--326, Februa~', 2000. 
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Table I. Rmention indices on a column with OV-101, and polar {Tp,>I/~ and gas-chromatographic nonpolar ~'Tno,pol/~ 
constituents of boiling points ( Tb p/~ of nitrogen-conlaining cyclic compounds 

Compound Iov+101 rbp. T,,o,,ool "Fj,ot Compound lov-+01 F hp. ~+o,,po~ Tp,,j 

Pyrrole (i)* 747 130 Ill) +20 3.6- Dimcthytpyridazine 1052 214--215 187 +28 
N-Methylpyrrole (2) 731 115--I 16 105 +[ l  Pyrimidine (14) 744 123 109 +14 
1,3 5-Trimelhylpvrrole 976 173 169 +4 4-MethyJpyrimidine 827 141--142 132 +10 
PyrazoPe (3 864 187 141 +46 5-Methylpyrimidine 864 152 141 +1 I 
3(5)- Methylpyrazole (4) 930 205--206 158 +48 Pyrazine 722 118 103 +15 
3.5- Dimethylpyrazole 1010 218 177 +41 2-Methylpyrazine 8t2 135 128 +7 
N-Met h vlpyrazole 743 127 109 +18 1,3,5-Tdazine 663 114 86 +28 
Imidazole (5) 1069 256 190 +66 Pyrrolidine (15) 692 87 94 - 7  
2-Methylimidazole 1050 ,6~-- :68 IS0 +89 N- Meth.~lpyrrolidine 680 80 91 --I l 
4(5)-Methylimidazole 1198 263 217 +46 Piperidine (16) 769 106 1 t6 - t 0  
i ,2- Dimethylimidazole 1006 204 t76 +28 N-Methylpiperidine (17) 766 107 115 - 8  
N- Methytimidazole (6t 929 195--196 158 +38 N- Elhylpiperidine 850 131 138 - 7  
1,2.4-Triazole 1116 260 201 +59 N-n- Propylpipcridine 930 149--150 158 - 8  
Oxazole 580 70 bl +9 N- Isopropylpiperidine 933 149--150 159 - 9  
2,4- Dimethyloxazole 730 108 105 +3 N-n-Butylpiperidine 1025 t75--177 180 - 4  
2.5- Oimethyloxazole 765 117--118 115 +3 ? ;n -  Pentylpiperidine 1122 201--202 202 0 
2.4,5-Trimethyloxazole 843 133-- 134 136 - 2  N- tsopentylpipendine I084 188-- 189 194 - 5  
Isoxazole t7) 591) 94 64 +30 N-n-Hexylpiperidine 1220 219 222 - 3  
3,5- Dimethylisoxazole 801 142--144 125 ~-18 N-Allylpiperidine 93[ 155--156 158 - I  
Thiazole (8~ 760 117 114 *3 Morpholine (18) 794 128 123 +5 
4-Methylthiazole 831 133-- 134 133 + ! N-Methyhnorpholine 788 116-- 117 121 - 4  
5- Methylthiazole 865 14t--142 142 0 N- Ethylmorpholine 878 t38--139 145 - 6  
2,4-Dimethylthiazote 887 144--145 147 - 2  Thiomorpholine (19) 973 169 168 +[ 
4,5- Dimethylthiazoie 941 158 t61 - 3  N- Mettlylthiomorpholine 969 163--164 ~67 - 3  
Pyridine (9) 738 115 107 +8 z%Ethylthiomorpholine 1054 184 187 - 3  
2- Methytpyridine (10) 804 130 [26 +4 Cyclohexane 668 81 87 - 6  
3- Methylpyridine (11) 852 144 138 +6 Methylcyelohexane 737 10l 107 - 6  
4- Methylpyridine (121 852 145 138 +7 Ethylcyclohexane 846 132 137 - 5  
Pyridazine (13) 915 208 154 +54 n-Propylcyctohexane 938 155 160 - 5  
3-MethyJpyridazine 982 214 171 +43 Benzene 662** 80 86 - 6  

* For compounds i--19, see Fig. 2. ~* From the data of Ref. 15. 

Results and Discussion 

Chromatographic  retention of n-a lkanes  is determined 
by nonspecif ic  interactions of  the dispersion force type 
with tile molecules of the nonpo la r  stat ionary phase 
OV-101. The boiling point found ttsing the correlation 
(see Fig. I and gq. (1)) corresponds to the boiling point 
of a hypothetical n-alkane with the same retention index 
as the compound  under analysis: hence,  it is referred to 
as the nonpolar  constituent of the boil ing point (Tno,pol). 
Tile Tnonpot values/ 'or  compounds  with potar functional 
groups are, as a role, lower than the experimenta!  boiling 
p0ints ( T  up)  because the latter value is also affected by 
the polar si~ecific intemlolecular  interact ions in the va- 
porizing liquid. This type of interact ion is reflected m the 
Tpo j values calculated from Eq. (2). 

It can be seen from Table 1 that  the Tpo ~ values for 
the ni t rogen-conta ining heterocyelie compounds  vary., 
depending on the structure of  the molecule ,  from - l l  ~ 
to +82 ~ The largest Tpo I values are observed for 
aromatic heterocycles with several N atoms in the mol-  
ecule,  namely ,  pyrazoles, imidazoles ,  1,2.4-triazole, 
pyridazines, aqd 1,3.5-triazine. The Tr~ 1 values [rbr some 
imidazoles prove to be even higher than those lbr highly 

polar  c o m p o u n d s  such  as n i t ro  derivat ives (Tpo j = 
60 ~ Comparison of  the data obtained for diazines 
and diazoles shows that the Tpo 1 values depend substan-  
tially on the mutual  a r rangement  of the N atoms in the  
molecule. The max imum values for diazines are observed 
with the N atoms occupying vicinal positions: those for 
diazoles occur when the two N atoms in the ring are 
separated by a C atom. The T~o I values for alkyl-substi-  
tuted derivatives are usually lower than those for the 
c o r r e s p o n d i n g  u n s u b s t i t u t e d  c o m p o u n d s ,  t h o u g h  
there  are some  e x c e p t i o n s .  T h u s  c o m p a r i s o n  of  the  
3(5)-methy!pyrazo!er-pyrazo! e and 2-me[hy! imidazole--  
imidazole pairs shows that in the case of diazoles that 
have a free H atom at ni trogen the Tpo I values increase 
upon the introduction of a Me group into the ca-position 
with respect to nitrogen. The greatest decrease m Tpo I 
occurs upon alkylation of  aromatic  heterocycles at the N 
atom. The decrease in Tpo I caused by methylation at the 
C atom is insignificant; however, the appearance of  
several Me groups in the ring decreases substantially the 
Tpo I values. Consequent ly ,  in terms of Tpo I some aro- 
matic heterocycles are close to nonpolar  substances such 
as alkyl halides, for which T~ol = 7 ~ 1 For the majori ty 
of alicyclic n i t rogen-conta in ing  compounds,  negative Tpo I 
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values were obtained. We analyzed cyclohexane and its 
alkylated derivatives on a column with OV-t01 under 
similar GC conditions and fotmd negative Tao / values (or 
these compounds (see Table I). Negative 7~0 t values for 
cyclohexanes were also found in the case where calcula- 
tion by Eq. (I) was carried out using the retention 
indices tz of these sorbates on nonpolar hydrocarbon 
stationaw phases, C2,~H50 and C3<)H(i 2. Thus, cyclization 
of an alkyl chain results in negative values of Tpo I. Ring 
closure has a greater effect on Tpo I than the appearance 
of all N atom ill the molecule because the Tpo I values of 
piperidines are negative, like those of cyclohexanes. 

The main physicochemical parameter characterizing 
the polarity of a compound ix the dipole moment of its 
molecule (u). The relationship between the Tpo I and la 
values 4,111,13 for some nitrogen-containing heterocycles, 
whose dipole moments  have been determined, is shown 
in Fig. 2. It can be seen that there is no clear linear 
correlation between 7"pu I and .u. Pyrazole and 3(5)- 
methylpyrazole deviate appreciably from the general 
plot (see Fig. 2, .? and 4), while for the remaining 
seventeen compounds,  a linear dependence is fulfilled 
with a correlation coefficient of 0.87. 

No correlations have been established between Tpo I 
and polarizability or the degree of aromaticity of real- 
ecttles. Pyridine and piperidine, having identical polar- 
izabilities, ta display Tpo ~ with opposite signs. Hetero- 
aromatic compounds are characterized by higher Tpo I 
than aliphatic heterocycles, although Tpo I of benzene 
(having a high aromaticity degree) is negative. 

The deviations of the GC-calculated boiling points 
are specific to highly associated liquids. I Based on this 
fact, the difference between the experimental and calcu- 
lated boiling points was termed as the GC indicator 
{~5Tbp), characterizing the capacity of substances as 
pure liquids for self-association. 4 The gas-chromato- 
graphic boiling points were found using linear correla- 
tion equations, the coefficients for which were deter- 
mined t\~r eaclt pair of neighboring n-alkanes. To calcu- 
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Fig. 2. Reknionship between l ,l and dipole moments g (bell- p, 
zene, ~20 or} 4"10.13 for compounds 1--19 from Table I. 

late the GC boiling points, we constructed the "reten- 
tion index--boil ing point" correlation common for the 
whole series of n-alkanes. General ly ,  it appears to be 
nonlinear, al though the values for each pair of neigh- 
boring n-alkanes are close to a straight line (see Fig+ 1). 
The boiling points calculated using the dependence 
shown in Fig. I as well as the Tpo ~ and 6Tbp ' values 
coincide with those determined by the previously pub- 
lished method 4 to within 1--2 ~ which corresponds to 
the experimental accuracy of determination of the boil- 
ing points of the nitrogen-containing heterocycles. 'Ks,t~ 

The nitrogen-containing compounds studied can form 
self-associates through hydrogen bonds, especially when 
they have a free H atom at nitrogen, tn the case of 
aromatic compounds,  a--rt interactions between the 
electronic systems of two molecules are possible. The 
types of self-associates existing in aromatic nitrogenous 
heterocycles have been discussed previously. "1 For imi- 
dazole: N-methylimidazole, and 1,2-dimethylimidazote, 
the iQo~ values (see Table 1) correlate with the enthalp- 
ies olJ'selfassociation determined by measurim, osmotic 
coefficients in THE,  CC] 4, and H20.16 However, dis- 
cussion of self-association of molecules in a pure liquid 
based on the data obtained for solutions is not com- 
pletely justified. The short-range forces acting between 
molecules in liquids differ from those acting in solutions 
of the same substances. This might account for the 
absence of a clear-cut correlation bet~een Tpo I and 
dipole moments (see Fig. 2). The p. values used in Fig. 2 
were determined in benzene, whose properties differ 
substantially .from those of pure liquid nitrogen-con- 
taining bases. 

Since the 7" values are related to the degree of 
association of mPg[ecules in pure liquids, an explanation 
call be offered for the appearance of negative values. 
The reference (standard) compounds taken for tile GC 
calculation of boiling points are n-alkanes, for which 
Too I = 0, according to Eq. (2). However. n-alkanes are 
also associated in pure liquids. There are no liquids, 
except for liquid helium, that do not give self-associates 
of one or another  nature. It is clear that some liquids 
call be less associated than n-alkanes. This is just tile 
case for liquid alicyclic compounds, apparently, because 
their molecules are compact in shape, while those of 
n-alkanes are elongated. 

The method for determination of the polar constitu- 
ents of boiling points used in this study supplements the 
known GC and NMR and IR spectroscopy methods IT-z~ 
for estimation of the polarity and degree of association 
of substances based on the values of excess thermody- 
namic functions of dissolution in nonpolar solvents. 
Extensive published data on retention indices make it 
possible to compare the polarity and capacity for self- 
association of various organic compounds in the liquid 
state. 

The author is grateful to T. E. Kuz'menko for deter- 
ruination of the retention indices of pyrrolidines and 
cyclohexanes. 
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