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SUMhiARY 

The behavionr of s-triazine derivatives on a N&chemically bonded station- 
ary phase was studied by high-performance liquid chromatography and their sorption 
mechanism was explained. Pentane and heptane mobile phases were selected, the 
polarity of which was increased by the addition of aliphatic alcohols (methanol, 
ethanol, isopropanol and tert.-butanol). 

The FU&phase provides a better separation of s&a&es di‘&ering in the 
substituent at position 2 (methoxy-, chloro- and thiomethyl-s-triaxines) compared 
with the formerly used chemically bonded CN- and reversed (C,,) phases_ 

INTRODWXION 

s-Triazine derivatives are used mainly in agricuiturz as herbicides, but they 
also have fimgicidal properties and some of them are utilized as pharmaceuticals. 
The methods employed for their determination ‘have been surveyed by Gysin and 
Kniish’ and Stammbach et QZ.*. Chromatographic methods predominate at present 
and permit both the determination of the preparation purity and the separation and 
identiBcation of s-triazine residues in the environment. 

Gas chromatography is the most important of these method&*r. Polar 
stationary phases coated on deactivated supports are generally used for the separa- 
tions, in combination ulith packed or capillary columns. Trace concentrations of s- 
triazines in soil, grain, etc., can be determined using specitic detectors, especially the 
Co&on ehctrolytic conductance de%ector. 

However, liquid chromatography is advantaggns in some cases, chiefly with 
strongly polar substances (for example 2-hydroxyderivatives) which are insufBciently 
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volatile or, on the other hand, very thermolabile. The first papers using high-perfor- 
mance liquid chromatography (HJ?LC) for analysis dealt with the practicaJ determi- 
nation of terbutryne and cyanatryn~ f--L1. Permaphase EXE% as stationary phase and 
a methanol-water mixture as mobile phase were used_ Vitali et al.r5 employed the 
same mobile phase for separation of thirteen s-triazines. They also used a reversed- 
phase system with the Zipax-GDS chemically bonded stationary phase. The most 
extensive study has been published bj Jork and Rothz6*r7. These authors studied the 
conditions for chromatographic separation of s-t&z&s OQ the @ondapak CL8 
chemically bonded phase with the aim of dete ri&ing trace concfzntrations of these 
substances in plant extracts_ 

Because the separation of many Mriazines on non-polar stationary phases is 
unsatisfactory, a chemically bonded CN-phase of medium polarity was used in our 
previous pap+, in combination with both non-polar and polar mobile phases- 
Although better results were ob+&ed thzn with the C,, reversed phase, some triazines 
could not be separated even in this system. The LiChrosorb NH2 stationary phase 
was selected in this work in view of the weakly basic properties of s-triazines, and the 
effect of the mobile phase composition on the chromatographic behaviour of twenty- 
two s-triazine derivatives was studied. 

EXPERIMENTAL 

3fateriai.s 

The s-triazkes tested were products of C&a-Geigy (B&e, Switzerland). 
Methanol, ethanol and isopropanol, UV grade (Lachema, Bmo, Czechoslovakia), 
pentane, pa- (E- Merck, Darmstadt, G.F.R.), heptane, p-a. (L&a-Chemie, Wien, 
Austria), tert.-butanol, p-a_ @anal, Budapest, Hun,-), and octanol, pure (La- 
chema, Bmo, Czechoslovakia) were puri&d by redistilIation. 

The HPLC measurements were carried out on a Varian Model4100 liquid 
chromatograph equipped w&h 8 Variscan 635 W detettoa. The wavelengths selected 
for ail measurements were 230 and 235 run, respectively. The stainless-steel cdumk 
uss (25 cm x 2.2 mm I.D.) was packed with LiChrosorb NH, chemically bonded 
phase, particle size 10 ,um, and was pretested by the manufacturer; 2837 theoretical 
pIares were obtained for o-nitroaniline in hexan*methylene chloride-isopropanol 
(69.5:30:0.5) at a flow-rate of 1 mljmin. The mobile phases used are given in Table 1. 
FTow-~-&es were 18 ml/h and 36 ml/h_ The retention dead volume was determined 
a~ p~b’i~udy descrii”, giving a value of V, = 0.68. 

FZSULTS AND DISCUSSION 

The retention data for twenty-two s-triazine derivatives were measured on the 
Mf+hemicaUy bonded phase using the mobile phases summarized in Table I. ‘The 
value of the capacity factor, k’, are given in TabIe II. 

In ,oas-liquid chromatography (GE) the retention behaviour is prim&Y 
determined by the volatility of the substances chromatographed, which in this MSI= 
desmases in the series, 2-metborcy->2~~oro->2-thiome~y~-~-~~e (S-Qiaxine 
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0.25 Mmethanol in hept8sle 
0.25 Methanol in heptale 
0.25 Misep~opanol in heptane 
025 Mrea-butanoi in heptane 
0.131 rw isopropzmol in pentane 
0.196 M isopropanoi in pentale 
0.25 l iziopro~01 in pcmtarze 
0.26I M isapropanol in penmle 
0.323 M isopropad in penCane 

derivatives are also ehrted from a GEC column in this order), whereas in liquid 
chromatography the retention order is chiefiy aRcted by the polarity of the solutes 
relative to the pohxrities of the stationary and mobile phases. 

The efution order in liquid chromatography on the NHz phase with a non- 
polar mobile phase (a mixture of an aikane with an ahphatic alcohol) is the same as 
that with the CN-phaseY, i.e., thiomethyl derivatives are eluted first, then chloro 
derivatives and methoxy derivatives are retained most strongly. However, the differ- 
ences in the retention of chloro- and thiomethyl derivatives are smah on the CN- 
phase, whereas good separation is achieved on the NHz-phase. 

s-Triazines are weak bases, their dissociation constants varying from 1.65 for 
simazine to 4.46 for terbutoneE9BZQ. The b asicity is most strongly affected by the sub- 
stituent in position 2 The number of atlkyl groups in positions 4 and 6 has a smaller, 
but also pronounced effect on the basicity of ~-triazines*~~~. The ability of S-triazines 
to form hydrogen bonds plays a ro!e in their separation. With the NHr phase, the 
predominant effect is exerted by hydrogen bonds of the type phase-N-H- * *N- 
triazine, or phase-N - - -H-N-triazine. The hydrogen bond strenght depends on the 
steric accessibility of the centres. The steric hindrance is additive, because the bonds 
can be formed on several centres. 

In the series of s-triazines differing only in the substituent on position 4, the 
elution order is tert_-butyl-, isopropyl-, ethyl- and finally methyl-derivatives. The 
effects of the donor ability of the ammo-group substituent (terf.-butyl>isopropyl> 
ethyl>methyl) and of the steric accessibility are opposed, but the latter predominates. 
With identicai alkylamines, the additional effect of the bond centres, OCK,>Cl> 
SCHr, plays a role. 

Pentane and heptane were used as basic components of the mobile phase. The 
viscosity of pentane is approximately half that of heptane” (0.23 cP for pentane and 
0.41 CP for heptane), which is reflected in a higher column efiiciency. A disadvantage 
is the low boiling Point of pentane which may be the cause of bubble formation in the 
detector. The two solvents further diEer in their sohrbility parameter? (7.1 for 
pentane and 7.4 for heptane, Le., polar substances are somewhat less soluble in 
pentme than in heptane, leading to higher values of the capacity factor of s-triazines 
in pen-e than in heptane. These conclusions have also been confirmed by our 
experiments with mobile phases C and G (see Table n). 

Alcohols in a mobile phase are capable of forming hydrogen bonds, com- 
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Fig. 1. Dependace of k’ on the polarity of the mobile phase, P’ = PoJarity indexu (m~oJ, 6.6; 
ethanof, 52; isopropaot, 4.3; tea-butaxol, 3.9; octaxoJ, 3.2). 
Fig_ Z Dependence of log k’ on the comticion of Wpropauol in penrme. 
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Fe 3. Separation of s-tri2zincs OB LiChmrb NE&-IO stationary phase. Mobile phase: 0-25 .I@ 
koprc3paIxo~ in pc%aane; ffow-rate. 1g s-id/&_ Ressure. 300 p&i_ Detection:. w at 230 nm, o-o.5 
aafis. Ebks: 1 = ipazhe; 2 = Z~o~,dbis(lerr-b~~~5-~; 3 = txiet&ne; 4 = prome- 
ayne; S=terixmync; 6=propaziae; 7=ametryne; 8 = terbutyIazine; 9 = prometane; 10 = 
am; Xl = ineropratryxe; 12 = desnetryrae; 13 = atratone; 14 = simadne; 15 = sheto;le; 
:6 = nomoae; 17 = cysrsarine. 
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petitively displace s-triazines from the bonds with the NH, phase and thus also 
effect their eltition. The effect of an alcohol OQ the retention betiviour of S-triazines 
was studied with heptane as the basic component of the mobile phase. The k’ values 
gexraEy increased with increasing molecular weight and decreas ing polarity of the 
alcohols (see mobile phases A, 8, C and D in Table II), Le., the solubility in the mobile 
phase decrease0, 

The k’ values for S-triazines in mobile phases A, B, C and D wefe correlated 
with the polarity of the alcohol added. SaydeP recommends the polarity index, P’, 
for characterization of solvents, which is partially corrected for the eEcts of disper- 
sion interactions and mqiecular weight. The dependences of k’ on P’ for atrazine, 
metoprotryne, ,cec_-bumetone, atratone and simazine are given in Fig. 1, from which 
itcanbeseenthatk’decrezes with increasing polarity of the alcohol added_ Isopro- 
pan01 seems to be optimal from the point of view of the se_aaration. 

The dependence of the capacity factor on the dcohol concentration was 

studied with isopropano! (mobile phass E, F, G, H and I, see Fig. 2). The optimaI 
separation was attained for 0.25 M isopropanoi in heptane. An example of separation 
of a mixture of s-triazines is depicted in Fig. 3. 

24Iydroxypropazine and 2-hydroxysimazine, which cannot ‘he directly 
analyzed by gas chromatomphy and must be converted into volatile derivatives can 
be separated on the NH* phase with pure methanol as mobile phase, both from one 
another and from the corresponding 2-chloro derivatives_ This finding could be 

utilized in the study of degradation of s-triazincs in the environment. 
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