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SUMMARY 

The sorption of mono-, di- and trialkylamines, aniline and its homologues, 
cyclohexylamine and 5- and 6-membered nitrogen-containing heterocyclic com- 
pounds has been studied by gas chromato_mphy using helium as the carrier gas, 
Apiezon M as the stationary phase and Celite 545 as the solid support. Dissolution in 
the liquid stationary phase is the main process responsible for the retention of ammo 
compounds in the system studied. The contributions of interfacial adsorption ac- 
count for 3-X oA (or ahnost 30 oA in the case of polyfunctional alkylamines) of the 
total retention volume. For Q-C, n- and isomonoalkylamines, polyfunctional alkyl- 
amines, C,-C, dialkylamines. cyclohexylamine and nitrogeneous heterocycles, ad- 
sorption at the interfaces is related predominantly to adsorption on the surface of the 
solid support, whereas with higher monoalkylamines, C,-C,, dialkylamines, trialkyl- 
amines and arylamines adsorption at the gas-liquid interface prevails_ 

INTRODUCI-ION 

Adsorption of compounds in gas-liquid chromatography is a complex process 
involving (with complete coating of the support surface with the stationary phase) 
adsorption of sorbate molecules at the gas-liquid interface, dissolution in the bulk of 
the liquid stationary phase and adsorption at the liquid-solid.interface. 

The relative contributions of the above processes to retention volumes depend 
on the nature of the sorbate, the stationary phase and the support. The influence of 
interfacial -adsorption on the separation of non-polar substances on non-polar 
stationary phases is negligible, whereas the retention of polar compounds on non- 
polar stationary phases is considerably affected by adsorption on the solid support’*. 
However, there is much controversy concerning the role of the adsorption of polar 
compounds at the gas-non-polar liquid interface_ He has been established”’ that al- 
cohols adsorb insignificantly on the surface of hydrocarbon liquid phases whereas in 
other studiesQ.‘o a considerabie contribution of this type of adsorption to the reten- 
tion volumes was reported_ According to Conder r l, this discrepancy may be due to 
variation in the adsorption conditions, Le., the contribution of adsorption of small 

002i-%73/82$30G&MM /SK!_75 Q 1982 FiIsevier Scientific Publishing Compvy 



w5 A. ANDERSONS et al. 

polar molecures at the gas-liquid interface is in&&cant at certain final sorbate 
concentrations, but it tends to increase considerably upon infinite dilution_ 

The influence of inter&&l sorption on the retention of amines has not been 
studied so far, except for the work of Crowne et a1.l’. who measured adsorption 
coefficients for aniline and dimethylanihne at the interface between the gas and trito- 
Iyl phosphate containing 2,4,7-trinitrofluorenone. He took no account of adsorption 
of arylamine on the solid support_ The present investigation was performed in order 
to evaluate the contributions of solution and adsorption at the gas (helium)-liquid 
(Apiezon M) and liquid-solid support (Celite 545) interfaces to the retention volumes 
of mono-, di- and trialkylamines, arylamines, cyclohexylamine and 5- and 6-mem- 
bered nitrogencontaining heterocycles. 

For the description of the total process we used the three-term equation pro- 
posed by Berezkin et al_‘: 

where V, is the total spccilic retention volume per amount of column packing that 
corresponds to gram of solid support, KL, I& and KS are coefficients of the partition 
of the sorbate in the bulk liqtid phase and of adsorption at the gas-iiquid and liquid- 
solid interfaces, respectively, V, and S,_ are the volume and surface area of the liquid 
phase per gram of support, respectively, and Ss is the specific surface area of the solid 
support. 

Apparatus and coiumns 
Be experiments were carried out at 150, 180 and 200°C on a GrifEn 2B gas 

cbromatograph equipped with a thermal conductivity detector (the accuracy of tem- 
perature regulation in thermostat oven was f 0.1 “C)_ Glass columns (3.3 m x 0_4cm 
I.D.) with 7.5, I5 and 20 % of Apiezon M on Celi.te 545 (44-60 mesh) were used. The 
flow-rate of the carrier gas was 25 cm3/min, the inlet pressure was 75,000-90,000 
N/m’ the outlet pressure was 22,50&35,000 N/m2 and the sample volume 0.2-0.5 ~1. 
The retention times were measured with a two-hand chronometer providing + 0.1 set 
accuracy_ The specific area of sorbents was determined by the low-temperature nitro- 
gen desorption methodL3_ 

Chemicals and caidafion methods 
The gas chromatographic properties of the following classes of nitrogen-con- 

taining compounds were evaluated: C2-Cz6 n- and &-mono-, di- and trialkylamines, 
aniline and its N-alkyl and N,N-dialkyl derivatives, o-, m- andp-toluidines, cyclohex- 
ylaniine sod heterocyclics of the pyrrolidine, pyrrole, pip&dine; pyridine, mor- 
pholine and 1.4-diazine series. 

Spec& retention vohunes of amines per gram of solid support, V& were 
measured_ Sorption coeft?cients and the relative contributions of solution and inrerfa- 
cizl adsorption to PX were calculated using the “reference point” method developed 
by Berezkin and co-worker&“. 
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RESULTS AND DISCUSSION 

Partition coehkients of aliphatic amines in Apiezon M (IQ and the appropri- 
ate adsorption coef3kient.s at the gas-liquid (K&J and liquid-solid interfaces (I&), as 
well as the relative contributions of individual types of adsorption to VW determined 
at lSO”C, are summarized in Table I. The corresponding values for cyclic amino 
compounds are given in Table II. The values of KL, K& and Ks for alkyl- and 
arylamines and nitrogen-containing heterocycks measured at 150 and 2UO”C can be 
found in refs. 15-17. The same studies report the absolute values of the contributions 
to FN of the individual sorption processes_ All of the sorption coefficients tend to 
decrease with increasing column temperature_ 

Solution of amino compounds in the stationary phase is the predominant type 
vf sorption_ The relative contributions of this process to tiN is 70-97%, the lowest 

TABLE I 

SORPTION COEFFICIENTS OF ALIPHATIC AMINES IN APIEZON M AND AT THE PHASE BOUN- 
DARIES AND CONTRIBUTIONS OF THE PROCESS OF SOLUTION AND INTERFACIAL SORPTION TO 
THE RETENTION VOLUMES AT ISO’C 

KL Kcr 

Propyhmiue 

Butylamine 
Amylamine 
Heptylamine 
Cktylatnine 

IsopropyIatnine 1.72 
Isobutykmine 4.15 
Ismmylamine S-60 
sec.-Butylamine 3.70 
ten.-Butylamine 2.35 
Diethyhniue 4.01 
Dipropylamine 11.34 
Diiutylamine 32_07 
Diiylamine 87.77 
Dihexylamlne 190.89 
Diheptyhmine 55 1.43 
Diisopropylatnine 6.06 
Diisoamylamine 57.44 

Tricthylamiae 
Ttipropykmim 
Tributyhnine 
Triamylamine 
Ethyktdkke 
1.1,4*4-Tetr&tethykthylene 

cl&tine 
1,1,4,4-Tettthyiethylene 

diamine 
lZ-Propylell~ 
Diethylem _ _ - e 

7.41 6.20 - 1O-5 
27.19 1.75 - lOma 
99.50 4_70- 10-a 

365.79 1.45 - 10-S 
5.17 4.79 - 10-e 

13.06 8.00 - lo-’ 

5429 

629 3.06 - 10-S 
36.iQ 1.80 - lo-’ 

2.97 
5.38 
9.97 

28.28 
-15.06 

737.1()-y 

2.36 - IO+ 
7.87 - IO+ 
4-06 - 10-S 
6_40- lO-5 

I%- 10-6 
1.92 - lo-” 
1.92- 10-e 
4.46 - 10-S 
l-81- 1O-5 
3.18-IO-’ 
2.94 - 10-S 
1.63 - lo+ 
4.56 - lo-* 
E-J _ <o--3 
6.62- 10-3 

4.05 - 10-S 
3.43 - 10-a 

3.56 - lo-” 

4.48 - 10-e 81.13 0.12 18.75 
3.60 - 10-e 83.72 0.70 15.58 
3_17- 10-e 84.84 127 13-89 
1.94 - 10-e 88-72 2.41 8.87 
1.84-IO-+’ 89.25 2.25 8.50 

4.30 _ 10-h 80.50 1.62 17.88 
3.45 - 10-e 84_2g 0.64 14.98 
1.51 - 10-6 9241 0.39 7.20 
2.63 - lo-’ 80.50 18.40 1.10 
6.67 - 1O-s 86.97 12.72 0.31 
2.59 - 1O-6 88.10 O-13 11.77 
l-52- 10-b 88.68 4.36 6.98 
4.69 - lo-’ 8925 S-59 2-16 
7.14 - 10-s 90.73 8.93 034 
4.60-10-s 81.89 17.92 0.19 
7.27 _ 10-g 81.45 18.52 0.03 
l-01- 10-7 88.36 11.18 0.46 
2.66 - 10-s 89.72 10.16 0.12 

2.86 - lo-’ 86.20 13.67 0.13 
2.05 - 10Ys 89.02 10.88 0.10 
1.69 - 1O-s 91_71 821 0.05 
4.44-10-9 93.00 7.00 0.01 
7-85 - lo-” 70-28 1.24 28.48 
4.46 - 10-7 87.79 10.19 2.02 

4.93 - 10-B 88.75 11.03 0.22 

6.51- lO-6 70.04 6.45 23.51 
3-46 - 10-6 75.59 7.36 14.05 
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T-ABLE II 

SO-ON COEFFICIENTS OF CYCLIC AMNES IN APIEZON M AND AT THE PWE IlOLrNDARIEs 
A&D CONKRIBLKIONS OF THE PROCEB ;)F SOLUTION AND INTERFACIAL SORPTXON TO THE 
RETENTION VOLUMES AT 180°C 

AmliE? KL KGL 

_Aniiine 35.01 269 - LO4 6.45 - IO-’ 86‘18 1255 1.27 
o-To!uid%e 58m24 5.26 - lOA 3.10 - IO4 85.26 14.60 0.14 
m-Toluidine 5797 535 -IO-’ 3.02 - lo4 85.01 14.86 0.13 
ploltidine 55.33 493 - lo4 3.60 -IO-’ 8421 14.23 1.56 
N-Mexhylanilii 57-95 4-88 -lo-’ 6-71 -IO-’ 8536 13.62 1.02 
N-Ethylaniline 78.10 638 -lOA 6.48 - IO-’ 85.80 13.28 092 
N.N-Dimethylaniline 70.3 1 6.11 -lo4 593 - loa 85.78 14.13 0.09 
N-N-Dieth$anilhe 120.70 1.06 - 10” Lo6 - IO4 85.67 14.32 0.01 
Cj~Oh~lamine 19.72 1.00 *1o-Y 4.75 - loa 80.32 0.01 19.67 

p>rrOKiXE 8.49 1.67 - lo4 286 - IO4 86.88 0.32 12.80 
pl-rde 8.71 266 - 104 271 -104 87.30 0.49 1221 
I-Methy!pyrmk 9.98 213 - IO4 L55 -10” 88.04 0.35 11_60 
L5-Dimethj 1p)lrole 23.84 4.99 - 10d 2-57 -IO4 8798 0.35 11.67 

Piperidine 
1 -Methylp&ridine 
i-Ethylpiperidine 

13.95 
14.99 
23.05 

8927 0.32 10.41 
92_02 O-41 7.57 
9283 0.38 6.79 

eidine 
2-MethyIp>tidine 
3-Metiyfpyiidine 
CMelhyIpq%im 
2.3-Dinetlqrlpyridine 
2&Dimethylpyridine 
L~Dimcth~ip)Tidine 
ZGDimeth$p~tidine 
2.4.~TrinxthyIpyridine 

11.66 
17.72 
22.84 
23.07 
36.10 
33.37 
33.31 
‘4 93 
37:2 

88.34 0.38 11.27 
91.86 0.41 7.73 
90.20 037 9.41 
so.77 0.31 8.92 
92.28 0.37 7-35 
92.33 0.40 717 
92_74 0.39 6.87 
92.99 0.34 6.67 
96.37 1.16 247 

Piperazine 
1 -M ethylpiperazine 
I-Erhylpiper&ne 
1 +DiethyIpiper&ne 
1-&4minoethyl)- 

piperzinc 
Pyrazke 
Methylpyrazine 
Pvrimidinz 
T;iethylenediamine 
MorpholiJle 

1954 
19.93 
3136 
53.27 
79.59 

2-64 - lOA 226 - lo6 
3-51 -104 1.60 - lod 
496 - 104 1.42 - IO4 

2.71 - 104 2_47 - 104 
4.13 - lo6 1.63 - IO6 
4.93 - lo6 2.02 - lOA 
3.13 - IO4 1.91 -lOA 
7.60 - 104 I.54 - lOA 
7.71 - lOA :.53 - IO4 
7.28 - 104 1.44 _ 104 
4.s-l - lOA 1.39 - 106 
293 -10-s 4.98 - IO-’ 

1.15 -IO-’ 4.30 - 104 
3s - 10-i 3.64 - 106 
530 - 10-Y 3.51 - 104 
2_49 - 10 -7 1.99 - 104 
1.61 - 10” 5.61 - 10d 

81.85 0.01 18-14 
53.19 0.02 15.79 
84-63 O-03 15.34 
90.70 0.01 9.30 
77.65 0.30 22_05 

9.46 3.80 - Io-7 3.37 - IO4 85.15 0.07 14.78 
16.39 1.44 -10” 2% - 104 88.37 O-15 11.48 
9.96 2.96 - lo4 3.94 - lOA 8226 038 16.58 

50-54 6.31 - IO-: 278 -lo4 87.46 0.02 12.52 
13.88 3.01 - lo-’ 2.81 - IO6 87.30 0.04 12.66 

values (7@-80 y; vi) being found for polyfunctional aliphatic amines, cyclohexyl- 
amine and I-(2-aminoethyl)piperazine (at 150°C also for piperazine”); the highest. 
values (90-93~0) are characteristic of C,-C,, trialkyhmines, alkylpyridines and al; . 
kylpiperidines. With increase in column temperature the relative contributions of 
dissoIution to VZ illcree 15-L7_ Comparing the values of the rela&ve contiibutions of 
dissolution of aliphatic amines to F$ over a wide range ofmoiecuIar &xsses tid 

_: 
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plotting the values of these contributions versus the nuder of carbon atoms in amine 
molecules, a curve is obtained with a maximw that corresponds to amines contain- 
ing hydrocarbon chains with 11-12 carbon atoms (Fig_ 1). This phenomenon is 
related to better solubiity as a result of increased dispersion forces of intermolecular 
attraction with increasing number of carbon atoms and to enhanced sorption at the 
=-liquid interface due to the surfaaz activity of higher alkylamines. 

7j , . . . . . . . . , . > : 
2365676 9 10 11 12 13 lr, 15 16 17 IS 

Fig. 1. Dependence of the relative contributions to vq on the number of carbon atoms in the mokcuIe for 
monoalkylamines (1) and triakylamines (2)- 

To evaluate the effects of the physico-chernical properties and s~xuctures of 
amino compounds on the dissohkon process the correlation analysis of KL values 
was performed, The parameters used included the number of carbon atoms in tbe 
molecule, e, the number of tertiary carbons in the molecule, JZ,-~~~, the number of 
radicals at nitrogen atoms n,, dipole moments, g, and the sum of Palm’s steric con- 
stants, c,E$ The following regression equations were obtained: 

KL = b. -I- b,nc (1) 

(2) 
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TABLE III 

COEFFlCiEN% OFREGRESSION EQUATIONS DESCRIBING-THE PROCESSES OF AMINO COM 
POUNDSADSORFTION 

J(GL 

KS 

_AI!cyIamin~ 
_AIkyIamines 
‘Lr iamines 
PyGidine bass 
Ot&er N-kterocydcs 

7 8.88 -lOA 
8 -3.43 -1o-s 
9 2.63 -lo-' 
10 -1.43 -10-s 
lot -4-43 -IO4 
7 2-24 -lOA 

- 105.49 1.41 
-107.88 1.53 
-115.01 I.51 
-108.72 191 
-271.69 47-77 
- 105A8 20.67 

- 15.49 9.37 

-6-56 -IOd 1.50 - IO4 
-5.15 - 1OA 1.90 - 10 A 
-2.63 - 1O-3 5.69 - 10 -L 
-6.02 - 10” 1.20 -IO& 
-3-53 -IO6 Lo4 -10-6 

- 
- 

- 
- 
9.81 
3-37 
- 
- 
- 

8.24 -10-5 
256 -IOa 
- 

- 

- 

* The pK, vaks -awe used inswad of ionization potential to obtain factor b6. 

The coeEcients found by the method cf Ieast squares and correlation coef- 
ficients, r, are given in Table III. As shown, ahcyhunines (oniy monoaminea were 
tested) exhibit a satisfactory correlation between K,_ and n, vahres (eqn. I). Introduc- 
tion into the regression equation of terms including p and c& values fails to improve 
the correlation, and consequently these factors do not affect KL values. On the other 
hand, introduction into eqn. 1 of terms characterizing the branching of hydrocarbon 
chains, Le., “cc0 aud n, (eqns_ 3 and 4), significantly increases the r values. Thus, the 
resuhs of correlation analysi5 indicate the predominance of dispersion interaction 
between the stationary phase and alkylamine molecules. The in KL values appear to 
be linearly correlated with n, (Fig. 2) An increase in K, values is-also observed in the 
series of cyclic compounds in which the size of the molecule (number of alkyl sub- 
stituents and chain length) is increased (see Table II). Unlike alkylamines, the JCL 
values of cyclic amino compounds are influenced by the env+ronment of the nitrogen 
atoms_ The KL values found for heterocyclic bases are satisfactorily described by eqn. 
5 containing steric constants in addition to q-, whereas the KL values of arylamines fit 
eqn. 6, containing n, in addition to the above factors (Table III)_ The relationship 
between K,_ and steric factors (the presence of alkyl groups in cr-positions to the N 
atom in alkylpyridines) and the effects of replacement of hydrogen atoms at the 
nitrogen atoms with hydrocarbon radicals (in aryfamines) suggest a specific inter- 
molecular interaction upon solution_ 
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- - - - o.sso 
292 8.26 - - O.S81 

- - - - - 0.885 
-24-18 - - - O.!W4 

53.91 - 76.40 - - - 0.995 
- - 33.53 - - 0978 
- -996 - - - 0.936 

- - - - 0.806 
-205 -lOi - 

1 
- - 0.856 

-200 -lOA - 6.72 - !O-’ - - 09S4 
- 8.35 - lo-s - - - 0914 
- - -2.09 -lOA - - - 0.660 

- -1.4s -10-s 4.69 -iOb - - - 0.720 
- -4.58 - lo-’ -1.87 104 - 4.57 -10-5 - - 0.577 
- -7.88 -IO& 3.58 10d - -1.95 - lo6 4.17 -10” - 0.921 
- 3.61 -IO-’ -3.54 104 - 7.49 lo-7 1.34 -lo+ 2.66 - lo--* 0977 
- 1.94 - IO6 -2.06 10” - -2.16 - 10” 6.41 -lOa 1.11 -10-S 0.852 
- -3.47 -IO-’ zso-10” - - 0.943 

Adsorption at the gas-non-polar liquid interface relies iargely on the nature of 
amino compounds The K& values of alkylamines show a wide variation over the 
range 10 -3-10-7 (Table I). A h s arp increase in K&_ values is observed in homologous 
series with increasing molecular size (e_g.., elongation of the hydrocarbon chain in 
monoakylamines from C,, to C,, leads to a lOOO-fold increase in KoL18, whereas in 
diallcylarnines the increase in X& at elongation of the hydrocarbon chain from C, to 
C,, is lO,OOO-fold). The Kot values show a linear correlation with nci* (Table III). 
Increased KdL values are also obtained for branched aliphatic radicals (Table III). 
The contribution of this type of sorption to PN ranges from 0.1% (for propyl- and 
diethylamine) and 2.25 % (octyiamine) to I g-26 % (for octadecylamine’* and dihexyl- 
amine). The observed dependence of alkylamine adsorption on n, can be explained 
by increased surface activity, as the combination of polar amino groups with long 
hydrocarbon chains in the molecules of higher alkylamines stimulates the accumu- 
lation of these molecules OQ the surface of the non-polar liquid. 

According to adsorption at the gas-liquid interface, cyclic amino compounds 
can be arranged into two groups. The KY& values for aromatic arnincs are of the order 
of f0-3-10-” (‘Fable II), the relative contributions of the process to vV amounting to 
M-16 %. The high surface activity of arylarnines is due to the aromatic nature of the 
ring. Cyclohexylarnine is characterized by very low K& values and a negligible contri- 
bution-of the process to I%, (Table II). The effect of the phenyl ring is equivalent to 
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0.C’ . 
. . . . . . 

2 6 c ._ ?G 12 IL :s 1 5 

Fig. 2_ Dependence of the lo~ithm of the partition coe&ient on the number of carbon atoms in the 
molecule for n-akylamines in Xpiezon M. A, Monoalkylamines; X. dialkylamines; 0, tridkylamines. 

eiongation of the alkyi chain by 9-10 carbon atoms. This effect is less pronounced in 
the pyridine series, the contributions of their sorption on the Apiezon M surface 
being considerable only at 15O”C”_ For other nitrogen-containing heterocychc bases 
adsorption at the gas-non-polar liquid interface is not very typical. Small and com- 
pact heterocyclic molecule possess a very Iow surface activity. Their K., vahtes are 
comparable to those of lower alkylamines, the minimum values being found with 
symmetrical 1.4-diazines. The &.r vahres of heterocyclic bases show the same corre- 
lations with rzc, nE and ce as the K,_ values (Table III). 

Adsorption on the solid support is mainly characteristic of comparatively small 
mole&es of alkylamines (IO-20 % of E% for C,-C,, monoalkyiamines and .&ethyl- 
amine), heterocychc bases and cycIohexylamine (also IO-20 y0 of v?_ This process is 
manifested to the greatest extent with aliphatic diamines and 1,4-diazines (M-30 y0 of 
Pa. The KS values are comparable to Kot, except for I,4-diazines, which have Ks 
values 1-2 orders of magnitude higher than fyGL (Table II). Adsorption on the soiid 
support is weakened under the infIuence of factors that reduce the base properties of 
amines or shield the unshared electron pair on the nitrogen atom (delocahzation of 
the unshared eIectron pair, steric hindrance preventing the interactions via the nitro- 
gen atom, e.g., in the case of replacement of hydrogen atoms with alkyi radicals at the 
nitrogen or cx-carbon atom). This indicates that at adsorption on the liquid-solid 
interface dominates the specific interaction between amines and the active sites of the 
surface, involving the unshared electron pair OQ the nitrogen atom (the mobile hydro- 
gen atoms at the nitrogen are aiso implicated to some extent). This suggestion is 
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confirmed by the results of correlation analysis demonstrating a relationship between 
Ks values and dipole moments, the number of hydrogen atoms on the nitrogen atom, 
nn, ionization potentials, IP (for arylamines pK, values were used instead of ioniza- 
tion potentials), and a steric constants (Table III, eqns. 7-10): 

K,=b,cb~tb,~~ 

Ks = bO + bd f b, C & + b,IP 

(7) 

(8) 

KS = b,, + 6s i b, C ED, + b,IP + b,n, (9) 

KS = bO i- b& + 6, c & i bJP f b,n, f b,I/n, (10) 

The increase in molecular size in most instances leads to a decrease in KS values 
(Tables I and II), the latter being correlated with the reciprocal of the number of 
carbon atoms. Introduction of this factor into eqn. 9 leads to an increase in the 
correlation coefficients from 0.92 1 to 0.977 for alkylamines (Table III) and from 0.58 1 
to 0.852 for arylamines. 

Consequently, interfacial adsorption appears to be an important feature in the 
comrse of gas chromatographic analysis of amines using a nor-polar sorbent. For 
small alkylamine molecules, cyclohexylamine and nitrogen-containing heterocycles, 
adsorption occurs mainly on the solid support, whereas for arylamines and higher 
alkylamines it occurs at the gas-liquid interface. The high values of the correlation 
coefficients relating KS and K& with physico-chemical parameters of the molecules 
allow the degree of interfacial adsorption to be predicted. 

CONCLUSION 

Retention of mono-, di- and trialkylamines with normal and branched carbon 
chains, aromatic amines and nitrogen-containing saturated and aromatic heterocyclic 
compounds by a non-polar stationary phase is predominantly determined by their 
dissolution, the contributions amounting to SO-97 % of v”,_ A certain decrease in the 
contribution of solution to the retention process (70 y0 v”,) is observed with diamines 
containing a primary amino group at the a-carbon. These substances are charac- 
terized by a si@ficantly higher contribution of adsorption on solid supports. 

The contribution of adsorption on the support to amine retention tends to 
decrease with increase in molecular mass (as much as by two orders of ma_gnitude). 
The contribution of adsorption at the gas-liquid interface shows a wide variation 
(0.12-18 %) in the alkylamine series and depends to a much greater extent on the 
structural properties of amines (normal or branched chain, amino group located on a 
primary, secondary or tertiary carbon atom, etc.) than the contribution of disso- 
lution. On the other hand, this contribution for aromatic amines is much greater ( 13- 
15 %) than the contribution of adsorption on the solid support (0.01-1.6 %) and 
shows little variation with respect to the structural peculiarities of the molecule. The 
contribution of adsorption at the gas-liquid interface appears to be insi_gnilicant for 
all of the nitrogen heterocycles studied, varying from 0.01 to 0.49 % (except for 2,4,6- 
trimethylpyridine). 
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With increase in temperature the relative contribution of solution to retention 
increases, together with a simultaneous decrease in the contribution of adsorption on 
the solid support_ Correlation analysis on the relationship between adsorption coef- 
ficients on the one hand and structural properties and physico-chemicaf parameters 
on the other suggest that in the course of solution of amines in the stationary phase 
the prevailing type of interaction between the stationary phase and amines is the 
dispersion interaction. However, when the hydrogen atom in the N-H group is re- 
placed with an aikyl radical or when alkyl groups are situated close to the amino 
groups, a considerable influence of the specfic intermolecular attraction forces on the 
retention occurs. A similar situation is found for the process of amino compound 
adsorption at the gas-liquid interface. For the adsorption of amines on the solid 
support, the specific interaction of the unshared electron pair on the nitrogen atom in 
amiues with the active sites on the surface predominates. 
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