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ABSTRACT 

The Eormation of complexes with mercury ions ( H q + t )  and 
protons is used to improve the separation of heavy olefins 
and aza-arenes. The comDlexation process is irreversible and 
similar to Drecolumn derivatization. Complexation makes 
possible to use mobile phases with hiqh water contents thus 
urovidins hiqh hydrophobic selectivities. 

INTRODUCTION 

Modulation of selectivity in HPLC by formation of complexes 

with metal ions in the mobile phase has been shown many times 

to be a versatile, simple and powerful approach (1,2)- 

7 1  

Copyright 0 1987 by Marcel Dekker, Inc. 
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72 D'AVILA, COLIN, AND GUIOCHON 

The separation of aza-arenes is an important step towards 

gaining more insiqht into the composition of heavy petroleum 

fractions. Reversed-phase liquid chromatography is a powerful 

technique for such separation problems. However, separations 

based on differences in the hydrocarbon skeletons of the 

molecules to be separated are often difficult due to the low 

hydrophobic selectivity associated with the use of mobile 

phases with low water contents. Such mobile phases have to be 

used in order to keep retention sufficiently low (k'< 5-10) 

due to the large molecular size and medium polarity. Another 

problem associated with the separation of nitrogen containing 

compounds is the poor peak shape often experienced due to the 

presence of acidic hydroxyl qroups on the stationary phase. 

The use of cations of transition metals can be of great help 

i n  improving the separation of aza-arenes ( 3 ) .  

As is well known, there are two aspects of secondary 

chemical equilibria with metal ions: thermodynamic and 

kinetic (1,2). The thermodynamic aspect is related to k' 

changes according to the classical sigmoidal relationship 

between solute capacity factor and ion concentration 

(expressed by pM = -loq[concentrationl ) .  The kinetic aspect 

concerns bandbroadening and peak shape. Three cases may 

occur : 

1. a fast association-dissociation process corresponding to 

symmetrical peaks and high column efficiencies. 
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HEAVY AZA-ARENES AND OLEFINS 73  

2 .  a slow association-dissociation process with broad asym- 

metrical bands d u e  to different migration rates of the free 

and complexed substrate molecules. This has been observed in 

the separation of aza-arenes at intermediate pH values. 

3 .  a fast irreversible association process, corresponding 

to the formation of stable complexes. This is similar to 

pre-column derivatization, provided there is enough metal to 

comDlex ail solute molecules. 

The last situation is examined in this work, using Hqtt 

and Ht ions in the mobile phase to improve the separation of 

olefins and neavy aza-arenes. 

EXPER I MENTAL 

Solvents were HPLC qrade from Merck (Darmstadt, FGR) used 

without further treatment. The mercury and silver salts used 

were f r o m  Prolabo (Paris, France). The column (15 cm, 4 . 6  mm 

I.D.) was packed in our laboratory with Hypersil ODS 5 

mi cr ons Sndndon, Enqland) usinq a slurry in carbon 

tetrachloride- methanol. 

'The pumpinq system was a Model bUOOA from Waters Associates 

Inc. (Milford, Ma. U S A ) .  The detector was the Waters UV Model 

4 4 0  operated at 2 5 4  nm. Samples were injected with a Rheodyne 

7125 injection valve (Rheodyne, Berkeley, Ca. U S A ) .  

Aza-arene samples were provided by Dr. Schmitter (Ecole 

Polytechnique, Palaiseau, France). 
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14 D'AVILA, COLIN, AND GUIOCHON 

RESULTS AND DISCUSSION 

1 - Effect of H+ on the behavior of heavy aza-arenes. 

It has been shown in a previous work ( 2 )  that there 

exists a sigmoidal relationship between k' and pH for aza- 

arenes. At intermediate pH values (3.0 - 4 . 5 ) ,  selectivity is 

maximal but peaks are highly unsymmetrical. Although pH has a 

dramatic effect on retention of aza-arenes, it cannot be used 

to control the selectivity for positional isomers or com- 

pounds with different carbon numbers, since peak shapes are 

very poor in the pH range where the selectivity changes are 

the larqest. However, because of the hiqh hydrophobicity of 

protonated aza-arenes and qood peak symmetries at pH 

suificiently low to ensure complete protonation of the 

solutes, acidic mobile phases may be used successfully to 

analyze heavy bases. Fiqure 1 shows the variation of k' of 

such solutes with changes in mobile phase composition. It is 

clear that large acceleration factors can be obtained 

resulting in improved selectivity for some pairs of compounds 

(see Table 1). As shown in Figure 2 ,  highly acidic solvents 

do not seem to exhibit deleterious effects on column 

efficiency. Such solvents offer an attractive possiblity for 

the analysis of heavy nitrogen bases, since these compounds 

cannot be easily analyzed by caDillary qas chromatoqraphy. In 

addition, aza-arenes with four or  more aromatic rings 

stronqly absorb visible liqht in acidic solvents. This makes 

possible the selective detection of these compounds in basic 

fractions of petroleum, shale oil, sediments, etc., which are 
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4 8 min 

3 

4 8 12 16 min 

Figure 2: E f f e c t  o f  so lvent  pH* on peak shape. 
Column: Hvuers i l  C18-5um. 

A":' MeOH/H20 80:20 + H2S0 pH* = 1 
B: MeOH/H20 95:5 + t r ie?hy lamin pH* = 8 

Solute i d e n t i f i c a t i o n  : 

' =  w w  0 0 0  2 =  0 0 0  
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HEAVY AZA-ARENES AND OLEFINS 7 1  

TABLE 1: S e l e c t i v i t y  f o r  some heavy azaarenes w i t h  changes i n  mob i l e  
phase compos i t ion .  

For s o l u t e  i d e n t i f i c a t i o n ,  see F igu re  2. 

lo 1 ven t  Compo s i ti on 

IeOH-H20 m ix tu res  

% v o l .  MeOH 

S e l e c t i v i t y  - 

112 113 114 213 214 314 

1.46 

1.52 

1.55 

1.69 

1.75 

1.28 

1.34 

1.37 

1.59 

1.38 1.06 0.94 

1.76 1.27 1.16 

2.06 1.38 1.34 

2.51 1.61 1.49 

2.70 1.68 1.56 

3.57 1.98 2.78 

---- ---- ---- 

4.19 1.90 3.06 

3.64 1.48 2.29 

0.73 0.78 

0.84 0.72 

0.89 0.67 

0.95 0.64 

0.96 0.62 

1.54 0.55 

---- ___-  

1.38 0.45 

0.93 0 .41  

(1 )  

(2 )  

TEA added t o  the  s o l v e n t  

H2S04 added t o  t h e  s o l v e n t  
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18 D'AVILA, COLIN, AND GUIOCHON 

frequently contaminated with other polar constitutents non 

absorbing in the vlslble. 

2 - Effect of Hg+t on the chromatoyraphic behavior of heavy 

olef ins. 

It has been shown ( 2 )  that the choice of complexing 

metals for a qiven separation can be based on the general 

classification of metals accordinq to their tendency to form 

complexes, reqardless of the liqands: 

Pt++, Pd++, Hq+t, U02++, Be++, Cu++ ... and Aq+, T1+, Li+,.. 

It is also known that Cu+t, Pd+t, Aq+, Pt+t and Hqt+ form 

reasonably stable complexes with olefins. The addition of Ag+ 

and Pt++ has been used to modulate the selectivity of 

olefins, based on the preferential formation of hydrophilic 

complexes between the ion and the system with least steric 

hindrance. In reversed-uhase chromatoyraphy, it is not 

possible to evctluate t n e  behavior ot Cut+ because of the low 

solubility of its salts. It is also not possible to use Pdtt 

because it reacts with olefins and water leadiriq to the 

formation of  carbonvi compounds ( b , 9 ) .  

Figure 3 shows the comparison of the effects of . O i M  Ag+  

and .001M Hyt+ on the separation of two olefins. It 

illustrates the dramatic k' changes and the asymmetrical 

peaks obtained with Hq++ ions. The difference in k' values is 

related to the values of the complexation constants of the 

systems olefin-Hq++ (K=106) and olefin-Aq+ ( K i l o 2 1  (10). The 
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HEAVY AZA-ARENES AND OLEFINS 79 

I 

5 10 15 20 25 min 

Figure 3: Effects  o f  a d d i t i o n  of AgNO 
the separation o f  1.7-octadiene and 1-octene. 

Column: Hypers i l  C18-5um MeOH/H20 70:30 

and Hg(N03)2(10-3t4) on 
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80 D'AVILA, COLIN, AND GUIOCHON - 

t c 
I I I 

5 10 15 min 

Figure 4:  

Separation o f  1.7-octadiene and 1-octene us ing Hg2+ complexation. 
Column: Hypers i l  C18-5um MeOH/H20 50:50; 

Hg(N0,)Z ; 2 x 10-lM Na2N03 
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HEAVY AZA-ARENES AND OLEFINS 81 

difference in peak symmetry is probably due to the 

unfavorable kinetics of the association-dissociation process 

with Hq+t ions. 

The addition of Hqtt at concentrations sufficiently high 

to ensure complete complexation of the solutes can overcome 

this problem, similarly to the complete protonation of aza- 

renes. This is illustrated in Figure 4 which shows good peak 

symmetry and column efficiency obtained when .01M Hq(N03)Z is 

added to the mobile phase. This can be particularly useful in 

the separation of lonq chain olefins or other unsaturated 

compounds since larse hydrophobic selectivities can be 

obtained with mobile phases of hiqh water content. 

CONCLUSION 

In-column derivatization through secondary irreversible 

complexation can be a useful technique for modulation of 

absolute and relative retentions in HPLC. High acceleration 

factors can be obtained and selectivity improved with no 

siqnificant loss of sensitivity. The acceleration factors 

result from the hiqh hydrophobic character of the aza-arenes/ 

Ht and aza-arenes/Hq+t complexes. The selectivity changes 

result from solvophobic effects and specific interactions in 

the mobile phase. The efficiency can be ensured provided 

there is enouqh Ht and Hqtt ions to complexe all solute 

molecules. 
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