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SUMMARY . 

The high-performance liquid chromatographic behaviour of 23 s-triazine 
derivatives was studied using LiChrosorb SK-5 as the stationary phase and 24% 
isopropanol in n-pentane as the mobile phase. The chromatographic data obtained 
were correlated with both the structures of the stationary phases and the polarities of 
the mobile phases that have been used so far for the analysis of s-triazines. Some of 
these relationships can be useful for the identification of s-triazines. 

INTRODUCTiON 

The extensive use ofs-triazine herbicides has stimulated a great interest in rapid 
and sensitive methods for their andysis_ In addition to non-spe&c spectrophotomet- 
tic meLrhodsl, paper chromatographic2, thin-layer chromato~aphi+” and especially 
gas chromatographic (GC)%-12 methods have been successfully applied in this Md. 
GC 2lays a predominant role in the analysis of s-t&x&e residues_ Using specific 
detectorse~lo, subnanogram amounts of s-triazines can he determined in water, soil 
and grain by GC without prior purikxtion of the extracts. The procedure has been 
fully automatedxl*Z. 

However, GC fails in some instances: some substances, e-g-, cyanatryne_ de- 
compose under the conditions used in GC and others, e.g., 2-hydroxy derivatives, are 
so polar and therefore non-volatile that they cannot be analyzed by GC without prior 
de&at&&ion. High-performance liquid chromatography (HPLC) seems an attractive 
a!ternative to GC as s-triazines absorb‘ strongly in the UV region (the molar absorp- 

- To whom cmespandenm should be addiesed. 



ti-fiw is E: = 3 - 1W4- 1W 1 mOl-l Cm' l at- 1Q, = 220-240 fun) and the &e&ion is 
sticiently sensitive for the determination of residues over the required concentration 
range (0.005-0.1 ppm). 

HPLC has not been used extensively for the analysis of s-triaxine derivatives_ 
Published work=-” deals chiefly with practical applications, ahvays using the reversed- 
phase technique. Permaphase ETH (siloxane) has been used as the stationary phase 
for the analysis ~fterbutryne~ and cyanatryne”@ with water-methanol as the mobile 
phase. Vitali et aJ.‘6 separated 13 s-triaxines on chemically bonded Zipax-ODS 
stationary phase with 5% aqueous methanol as the mobile phase_ A reversed-phase! 
system was used by Roth” and Jerk and RotUs, who studied the effect of the mobile 
phase composition (methanol-water) on the separation of s-triazines on pl3ondapak 
CXs stationary phase_ They compared various chromatographic methods and critically 
evalueted their advantages and disadvantages from the point of vie-w of the practical 
determination of s-triazines in plant extracts. 

In view of the importance of s-triaxines in the environment, s-triazine herbici- 
des have been studied systematically in our laboratories by various methods, namely 
spectrophotometry, electrochemistry, GC and GC combined with mass spectrom- 
etry-_ The acid-base behaviour and the dissociation constants of a series of 
s-triaxines were also studied IO_ The determination of s-triaxine residues in soil has 
also been investigat&. 

As some s-triazines could not be analysed by GC, HPLC was also ~s.ed’~*~~. 
A number of s-triazines were not separated satisfactorily uxing the reversed-phase 
technique and therefore chemically bonded CN- and NHzZO stationary phases were 
employed in our earlier work. In this paper, the data obtained on LiChrosorb SI-5 
stationary phase are given and the relationship between the structure of s-triazines, the 
structure of the stationary phase and the mobile p-base composition is discussed. 

The s-triaxine derivatives were obtained from Ciba-Geigy (Ras!e, Switzerland). 
Isopropanol (UV grade) was purchased from Lachema (Rmo, Czechoslovakia) and 
n-pentane (pa. grade) from Merck (Darmstadt, G.F.R.). 

Method 
The HPLC measurements were carried out on a Varian Model 4100 liquid 

chrcmatograph equipped with a Variscan 635 UV detector. The wavelength selected 
for all measurements was 235 run. A stainless-steel column (25 cm x 2.2 mm ID_) was 
packed -&h LiChrosorb SI-5, particie size 5 pm. n-Pentane containing 2-4x of 
isopropanol was used as the mobile phase, at a flow-rate of 30 ml/h for a 2% mobile 
phase and 18 ml/h for 3 and 4% mobile phases. The column was pre-tested by the 
manufacturer, showing 7800 theoretical plates for m-nitranihne at a flow-rate of 60 
ml_& with n-hexane-clichloromethane-isopropanol(90:10:0_5) as the mobile phase_ 

The dead retention volume was determined in the same manner as in our 
previous papeflg and a value of V, = 0.72 ml was obtained. 
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RESlJL’i’S AND DlSCU~~ON 

S-‘I&&es have similar chemical structures and offer wide possibilities for 
correlation of their structural characteristics with chromatographic data. A list of 
S-triazines studied and some of their physico-chemical characteristics are given in 
Table I. 

The adjusted retention volumes, V;, and the capacity factors, k’, are given iu 
Table II for the three compositions of the mobile phase. Optimal separation was 
achieved using 2 oA isopropanol in n-pentane. An example of the separation of a mix- 
ture of s-trkines with this mobile p’nase is shown in Fig. 1. 
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Fig. 1. Separation of a mixtm-e of driazines on LiChrosorb SI-5 with 2 % isopropanoi in n-penFane 
as the mobile phase_ Flow-rare, 30 ml/h; W detection at 235 m-n; O-I a.u.f.s.; 1 cm/min; 1050 p.s.i. 
Peaks: 1 = chlorazine; 2 = ipazine; 3 = aziprotryne; 4 = prometryne; 5 = terbutylazine; 6 = 
ametryne; 7 = atrazke; 8 = prometone; 9 = simetryne; 10 = meFoprotryne; 11 = simazine; 
12 = node; 13 = atratone; :4 = mxetone; 15 = eyanazine. 

To compare the retention behaviour of s-triazines on various stationary phases, 
ratios of the capacity factors (Le., the relative retentions) were calculated for substances 
that differ in only a single substituent, either in the alkyl group bound to the amino 
groups in positions 4 and 6, or in the substituent in Dosition 2. These values arti 
analogous to the functional group retention indices used in GC for identification 
purposes. The average kgk; values correspondiug to the replacement of ore substit- 
uent in the molecule are given in Table III for all stationary phases so far studied, 
together with the standard de_viations. 

On the #3ondapak C,, reversed phasel’*le with methanol-water (6090) as the 
mobile phase, thiomethyl derivatives are the most strongly retained. Methoxy deriv- 
atives cannot be separated from chloro derivatives on this stationary phase (see Table 
III). S-T-es coutaining the same number of carbon atoms in the alkyd groups 
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TABLE11 

RETENTION DATA FOR+TRIAZENES ONLiCHROSORRSI-5 STAITONARY PWE 

Mob&z phase: rr-pentane with 2, 3 or4% of kopropanol (WA). 

s-liiazine 2%mIA %-=A 4%.U=A 

V, k' VR k' 'V, k' 

chlorazine 
Epatiae 
2.cldom-4,6di-rffLbII@Ls-~ 
Tsietazine 
Aziprotryne. 
R-m= 
Terbutryne 
PrOpazine 

Terbutylazine 

Atrazhe 
Pronetone 
Terbutcne 
Simetryne 
Deawtryne 
Metoprotiyne 
SklEZiUe 
sec.-Bumetone 
Nohe 
A&atone 
Sirnetone 
No&one 
@yanarine 

0.06 0.08 0.02 0.04 0.02 0.04 
0.26 0.36 0.20 0.28 0.15 0.20 
0.37 0.50 0.27 0.38 0.24 0.32 
0.38 0.50 03 0.41 0.26 0.36 
0.41 0.57 0.32 0.46 0.26 0.35 
OS? e-79 0.47 0.65 0.37 0.50 
0.61 0.85 0.55 0.76 0.40 0.54 
0.68 0.95 0.67 0.80 0.49 0.68 
0.86 1.19 0.72 1.00 0.57 0.78 
1.02 1.42 0.86 1.21 0.64 0.87 
1.38 191 1.12 1.57 0.83 1.14 
1.75 2.43 1.36 1.92 098 1.34 
1.86 2.58 1.53 2.15 i -07 1.47 
1.86 2.58 1.47 2.07 1.08 1.48 
1.95 2.71 1.51 2.13 1.19 1.65 
2.30 3.19 1.70 2.40 1.27 1.75 
2.40 3.33 1.86 2.62 1.37 1.88 
2.53 3.51 1.92 2.70 1.49 2.04 
2.62 3.64 1.95 2.75 1.47 2.01 
2.88 4.00 2.15 3.02 1.61 2.21 
4.81 6.68 4.06 5.72 2.69 j-68 
5.43 7.54 4.09 5.76 3.02 4.14 
7.58 10.53 5.36 7.56 3.91 5.35 

bound to the amino groups iu positions 4 and 6 are also poorly separated. For 
example, simetone-simazine-norazine, prometone-propazine and atratone-atrazine- 
desmetryne-simetryne systems are not separated. 

s-Triazines were better separated using a chemically bonded CN phasSg in 
combination with both a non-polar and a polar mobile phase. Methoe derivatives 
were well separated from chloro and thiomethyl derivatives using +heptan+isopro- 
panol. Whereas at a low isopropauol concentration the retention order is OCH, >> 
C! > SC&, au increase in the retention times of thiomethyl derivatives occurs with 
increasing polarity of the mobile phase and the retention order changes at a 15 oA 
isopropanol concentration (k&/k& < 1; see Table Ill). The retention order in the 
s-triazine series with the same substituent ~II position 2 is umfkcted by au increase in 
the polarity of the mobile phase over the range of isopropanol concentrations studied 
and depends solely on the spa&l shielding of the amino groups by a&y1 groups, 
andogousto the situ&ioninGC5. 

s-Triaziues diEring in the substituent in position 2 were best separated on a 
chemically bonded NH, phasp0. S-Triazines can form hydroooen bonds of the phase-N- 
H - - - - N-trike or p&N. . . . H-N-t&&e type with the NH, phase, which are 
responsiile for au imreased sekctivity of the stationary phase. The strength of the 
hydrogen bonds depends on the mutual steric a ccessibility cf the sites. 
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Compared with the NH2 phase, methoxy derktives are more strcngly 
retained on siiica geL The bonds off&e Si-OH groups to the ~-ekctrons of the s-tria- 
zinc ring or to the electron pairs on the nitrogen atoms in the substituent groups can 
play a role with silica gel. As the dependence on ffie ring electron density is not obeyed 
(the retention volume order is OCH, > Cl > SCH,, whereas the total group elec- 
trone@ivity order, expressed in terms of p& or a,, is’C1 > SCH, > OCH,), a pre- 
dominant effect of silica gel on the ring z-ektrons can be excluded, otherwise the ring 
would not be stericalIy afected by substitution and would exhibit only an induction 
&kct. As far as the bonds of the silica gel OH groups to the electron pairs on the I& 
trogen atoms are concerned, the opposite eEct.s of the %bstituent donor ability 
(terk-butyl > isopropyl > ethyl > methyl) and s&k atzcessibilie (an increase in the 
entropic factor in the equilibrium) play a role, the latter predominatiug. Hence it can 
be assumed for the Si-OH- - - N-t&&e bond that the equilibrium constant for the 
complex formation will decrease with increased branching of the a&y1 group, which 
has been confirmed experimentally. I 

From the point of view of the effect of substituents of types other than amine 
(with the possibiity of hydrogen bonding), an increase in the retention volumes in the 
order OCH, >> SCH, w Cl can be expected. However, these groups affect the electron 
density in the whole conjugated syskm in the order Cl > SCH, j> OCH,. The re- 
sultant retention order for substances differing o&y in the substituent in position 2 is 
OC& >> Cl > SCH,. 

s-Triazines with the same number of cartron atoms in the amino al@1 groups in 
positions 4 and 6, e.g., the pairs norazine-s’ unazine and noretone-simetone, are best 

WG A B 

~~2,Dependenceof~ecapacityfactors,k~kz',on~e isoprop~olconcentration(A)andtheaG- 
cohol polarity, P’, (B) faL LXhmsab NE& stationary phase. P' = 6.6 for methanol, 5.2 for e&am!, 
4.3 for isopropanol and 3.9 for rm.-btmno& . . 
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separated on silica ge& whereas their separation on the NE& phase is dif&mlt and on 
~BondapakGsimpmsibk 

As can be seen from Table Ill, the k;lk; values depend both on the stationaq 
phase and on the polarity of the mobile phase. With increasing isopropanol con- 
centration (Fig. 2A) or with in creasing alcohol polarity (expressed Ln terms of the 
polarity index, P’, see Fig. 2B)=, the k;jk; ratios decrease (on substitution of ethyl for 
isopropyl, ethyl for fert.-butyl, CXIi~ for Cl, Cl for SC& and 0-s for Xl-l,), or 
increase (on substitution of ethyl for methyl, ethyl for hydroge= and isopropyl for 
ethyl) and approach unity, which means that separation is not achieved at a certain 
iopropanol concentration. The dependence shown in Fig. 2 for the LiChrosorb NE& 
phase also hold for the CN phase and silica gel (see Table El). 

The k;/k; ratios given in Table III can be used to predict the retention behaviour 
of Hxiazines that were not available. For example, the capacity ratios were c&xdated 
for ipatone <0.78), ipatryne (O-25), trietatone (1.09) and trietatryne (0.35) oil LiChro- 
sorb SK-5 and with 2 % isopropanol in n-pentane as the mobile phase_ 

Theconstancyofthe k;/k;ratiocanbeutilizedincomlations oftheretention 
data wi’t the number of carbon atoms in the alkyl groups bound to the amino 
groups in positions 4 and 6. In the series of Hriazines obtained by substitution of a 
single kind of slibstituent, linear dependences of log k’ on the number of carbon atoms 
in the a&y1 groups were obtained, and some of them are depicted in Fig. 3. The 
log K dependences on the number of carbon atoms are non-linear in series of s- 
triazines that difkr only in the substituent in position 6, because of different spa&l 
shiekling of the al&l groups. Dependence similar to those given in Fig. 3 could also 
be employed for the identification of s-triazines. 
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