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MICELLAR ELECTROKINETIC CAPILLARY 
CHROMATOGRAPHY WITH /N S/TU CHARGED 
MICELLES. VII. EXPANDING THE UTILITY OF 

AND NEUTRAL pH FOR CAPILLARY 
ELECTROPHORESIS OF DANSYL AMINO 

ACIDS AND HERBICIDES' 

ALKYLGLYCOSIDE-BORATE MICELLES TO ACIDIC 

WHIA MECHREF, JOEL T. SMITH2, AND ZUJl EL RASSIL 
D e v e n t  of Chemistry 
Oklahoma State University 

Stillwater, Oklahoma 74078-0447 

ABSTRACT 

Micellar electrokinetic capillary chromatography (MECC) using micelles based on 
alkylglycoside-borate complexes, i.e., sitir charged inicelles, was demonstrated over a 
wide range of pH including acidic media. The surfactants used i n  this study were of the 
alkyl-N-methylglucainide (MEGA) types that possess a linear sugar moiety as the polar 
head group. These surfactants showed the ability to complex with borate even at acidic pH, 
thus expanding the pH range over which in  situ charged inicelles can be used in MECC. 
The electrokinetic behavior of the MEGA-borate micelle at acidic and neutral pH using 
relatively high borate concentration was different than that observed at alkaline pH using 
lower borate concentration. These studies which were performed at high borate 
concentration suggested the formation of polyborates which increased the ionic strength 
and viscosity of the running electrolyte without further increasing the surface charge 
density of the micelle. This led to decreasing the electrophoretic mobility of the micelle and 
the electroosmotic flow with increasing borate concentration. The net result was an 
increase in the migration time window at increasing borate concentration. Moreover, the 
magnitude of the migration tinie window could be adjusted by varying the pH of the 
running electrolyte over the pH range from 3.5 to 9.0. The MEGA-borate systems proved 
useful for the separation of phenoxy acid herbicides and their esters, urea herbicides, 
dansyl amino acids and aroinatics. 
- 

'Presented as a lecture (# 91) at the 33rd Eastem Analytical Symposium, November 13-18, 
1994, Somerset, New Jersey, U.S.A. 
2Current affiliation: Monsanto Company, 800 North Lindbergh Boulevard, St. Louis, MO 
63167, U.S.A. 
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3770 MECHREF, SMITH, AND EL RASSI 

INTRODUCTION 

Several types of iti sirir charged micelles for use in micellar electrokinetic capillary 

chromatography (MECC) of neuwal and charged species have been recently introduced and 

characterized by our laboratory [ 1-71, These new micellar phases are essentially anionic 

complexes formed between alkyl- [2-71 or steroidal-glycoside [ I ]  surfactants and borate or 

boronate anions. I I I  sirir charged inicelles possess inany unique and attractive features 

including: (i) an adjustable surface charge density (ii) a weaker hydrophobic character than 

the traditional alkyl surfactants, and (iiij chiral selectivity. In addition, and as a result of the 

variable surface charge density, iii sific charged inicelles allow the manipulation of the 

migration time window and i n  tu rn  tlie optimization of analyhis time, resolution and peak 

capacity ~ i u  changing pH and borate or boronate concentration of the running electrolyte. 

Thus far, we have demonstrated the usefulness of i/r sitic charged inicelles in the 

alkaline pH range i n  MECC of cliii-a1 and acliiral polyaromatics, pesticides. amino acids, 

barbiturates and inzdicarpins and precursors [I-71. In this report, we wish to extend the 

useful pH range of i/r s i /u  charged micelles to tlie acidic as well as neutral pH. 

In earlier reports on iir sirrc cliarged inicelles [ 2 ,  31. \ST have demonstrated by 1lB 

NMR studies that alkylglycoside surfactants with acyclic sugar head groups, such as 

MEGA suifactants, have 3 to 5 fold higher affinity for borate ions than their counterparts 

with cyclic sugar head groups (e.g., octylglucoside, octylinaltoside). This observation, 

which corroborates well previous findings 181 in that linear sugars complex stronger with 

borate than cyclic ones, prompted us to select the MEGA suifacunts for our present studies 

at lower pH range. The principles of iii situ charged niicelleg have been discussed i n  

previous contributions from our laboratory 12, 3, 71, and the coinplexation of borate with 

polyols have been briefly described recently by El Rassi 191, El Rassi and Nashabeh [lo], 

and Hoffstetter-Kuhn et al. [ 111. For simplicity, the tenn "borate ions" or "borate" is used 

in this article to refer to all kinds of boratc species. But. whenever a specific borate species 

is involved the exact tenn is iitilized instead. 
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Instrumen[ 

The instrument for capillary electrophoresis was assembled in-house from 

commercially available components 12, 121. It was comprised of two high-voltage power 

supplies of positive and negative polarity, Models MJ30P400 and MJ30N400, 

respectively, from Glassman High Voltage (Whitehouse Station, NJ, USA) and a UV-Vis 

variable wavelength detector Model 200, equipped with a cell for on-column detection from 

Linear Instruments (Reno, NV, USA). The detection wavelength was set at 240 nm for 

the detection of phenoxy acid herbicides and phenoxy ester herbicides as well as urea 

herbicides, 254 nin for the detection of alkyl phenyl ketones and danbyl amino acids and 

340 nm for the detection of Sudan 111. Electropherograms were recorded with a Shimadzu 

computing integrator Model CR4A (Columbia, MD, USA). 

Fused-silica capillary columns of 50 pin I.D. and 365 pin O.D. were obtained from 

Polymicro Technology (Phoenix, AZ, USA). Throughout the present study, the total 

length of the capillary was 80 cm while the separation length was 50 cin. 

Reagents and Materials 

Nonanoyl-N-metliylglucalnide (MEGA 9) and decanoyl-N-metliylglucainide 

(MEGA 10) were purchased from Calbiochem Corp. (La Jolla. CA, USA). All herbicides 

were purchased from CheinService (West Chester, PA, USA). Sudan 111. which was 

used as the tracer of the migration time of the micelle, and alkyl  phenyl ketones were 

obtained from Aldrich Chemical Co. (Milwaukee, WI, USA). Dansyl amino acids were 

purchased from Sigma Chemical Co. (St. Louis, MO, USA). The chemicals used in the 

preparation of electrolytes as well as the 0.2 pin Uniprep Syringeless filters used i n  the 

filtration of the electrolyte were purchased from Fisher Scientific (Pittsburgh, PA, USA). 

All solutions were prepared with deionized water. 
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3772 MECHREF, SMITH, AND EL RASSI 

RESULTS AND DISCUSSION 

Deuendence of the Macnitude of the Mimation Time Window on Borate Concentration 

As shown in Fig. la .  the migration time window of the inicellar phase under 

investigation increased with borate concentration, and to a larger extent at borate 

concentration higher than 500 inM. This increase is priinarily due to the decrease in the 

electroosrnotic flow, EOF, (see Fig. Ib) given the fact that the electrophoretic mobility of 

the MEGA %borate inicelle decreased slightly in the range 100 to 600 mM borate or 

remained almost the same at borate concentrations above 600 mM as shown in Fig. l b .  

Since by increasing the borate concentration in the running electrolyte, the values of both 

the electroosrnotic velocity. v,,,, and electrophoretic velocity of the micelle, v ~ ~ , ( , , , ~ ) .  are 

decreasing and approaching each other (see Fig. Ib). the difference between the two 

velocities will decrease with increasing borate concentration. Due to the fact that the 

electroosinotic velocity and electrophoretic velocity of the inicelle are of opposite sign, and 

according to the following equation. which relates the migration time of the micelle, f n K ,  to 

v,, , vc , ,~f~lc~ and the separation distance i n  the capillary, I , 

f f p l c  will increase, and consequently the breadth of the migration time window will enlarge 

with increasing borate concentration, see Fig. la .  

Aqueous borate solutions contain tetrahydroxyborate anion, which is formed 

according to the following eqtiilibl-ium, 

B(0FQ-j + OH- c-) B(OH)4- (1) 

as well as polyborate anions 13-1 51 such as B J O J ( O H ) ~ - ,  B&,(OH)4-, B303(OH)s2- and 

B405(OH)42-. Singly charged triiner and pentainer borate anions are formed by the 

following equilibria, respectively [ 161: 

2B(OH)3 + B(OH)& t) B303(OH)4- + 3H20 

4B(OH)j + B(OH)4- t) B5Ob(OH)4- + 6H20 

( 2 )  

( 3 )  
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FIGURE 1. Effect of borate concentration on the magnitude of the migration time window 
in (a) and the electrophoretic mobility of the iiucelle as well as the electroosmotic mobility 
and cument in (b). Separation capillary, bare fused-silica, 50.0 cm / 80.0 cin x 50 p m  i.d.; 
running electrolyte, 5.0 mM sodium phosphate containing 50.0 mM MEGA 9 and various 
borate concentration. pH 7.0; running voltage, 15.0 kV; tmc tracer, sudan 111: to marker, 
methanol. 

while doubly charged trimer and tetramer anions are produced by the two following 

equilibria, respectively : 

3B(OH)3 + 2(OH)- t) B303(OH)5*- + 3H20 

4B(OH)3 + 2(OH)- t) B ~ O S ( O H ) ~ ~ -  + 
(4) 

( 5 )  
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3774 MECHREF, SMITH, AND EL RASSI 

Whereas equilibria 1 and 2 are predoininant at low borate concentrition (e.g., 5 200 mM), 

the other polyborate aiiions fonned by equilibria 3, 4 and 5 become important species at 

high borate conceiiti.atioii [ 151. For three of these polyboiate anions the following 

structures were suggested [ 16, 171: 

OH I I 

/ o - B r o ,  

O /B-oH 
0. 6 - 0  8 -  

.B\ 

OH 
Cyclic tri iner Bicyclic pentamer Tetramet 

The coinplexation of borate with coinpounds having vicinal hydroxyl groups, such 

as the MEGA surfactant used i n  this study, is thought to occur mainly ~i io  the reaction of 

the tetrahydoxyboi-ate ion B(0H)j-  and tlie polyolic coiiipoiind according to the following 

equilibiiutn: 

I I 
HO, -,OH - C- OH -c- 0, -,OH 

+ 2H,O (6) 
I B, + I  -c-o' ' B\ OH HO OH ---OH 

I 1 
In fact, equilibriun: 6 is favored wlieii the 0-0 distances for the vicinal diol i i i  the polyol 

compound and for die Iiydrosyls i n  tlie borate ion are on the order of 2.4 A. This distance 

is that of the 0-0 i n  the teti-ahedral boron [ 181. On this basis. among polyborate anions, 

only the cyclic trimc'r will have the probability to complex with the polyol head group of the 

MEGA surfactant. Howevcr, i t  can be suggtsted that due to steric hindtarice. the cyclic 

triborate will complex less t han  the tetraliydoxyboratz anion with ;i given polyolic 

compound. 

Returning to Fig. lb.  the decrease i n  the EOF and electrophoretic mobility of the 

niicelle can be explained 25 follow>. A t  100 iiiM boi-ate, pi1 7.0. the clectrophoretic 

mobility of the micellr (pcp(r l lc))  is quite high which is indicative of the formation of 

cornplexing borate ions, e.g., rerrahydoxyboi ate and cyclic t i h e r .  A s  the aiiiotii~t of 
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MECC WITH IN SITU CHARGED MICELLES. VII 3115 

added boric acid was increased between 200 and 1000 mM, pcp(,,,c) decreased. This may 

indicate that the concentration of polyborate species such as those shown in equilibria 3.4 

and 5 had increased, a phenomenon that would increase the ionic strength of the running 

electrolyte without further increasing the sutface charge density of the micelle. In fact, and 

as shown in Fig. lb,  the current i , which is an indirect measure of the magnitude of the 

ionic strength, has increased with borate concentration over the concentration range 

studied. As discussed above, the polyborate species such as B506(OH)4-, Bj0j(OH)52- 

and B405(OH)4*- are unlikely to complex with vicinal diols. Thus, since increasing the 

ionic strength of the running electrolyte is accompanied by little or no further increase in the 

surface charge density of the micelle, the net result is a decrease in the electrophoretic 

mobility of the MEGA-borate micelle. The decrease i n  EOF is due to increasing the ionic 

strength of the running electrolyte. Moreover, the decrease in  both parameters (i.e., EOF 

and electrophoretic mobility of the micellej may be in part attributed to increasing the 

viscosity of the running electrolyte at high borate concentration. 

Figure 2 displays typical electropherogrims of alkyl phenyl ketones obtained at 

various borate concentrations. As can be seen i n  this figure, increasing the borate 

Concentration of the running electrolyte have resulted i n  longer analysis time, i.e., wider 

migration time window. The rationale of' being able to change the migration time window 

is well illustrated i n  Fig. 2, whereby the solutes can be completely resolved in less than 15 

min using a running electrolyte with borate concentration as low as 100 mM at pH 7.0. 

DeDendence of the Macnittide of the Mim'ation Time Window on DH. 

The effect of the pH of the running electrolyte on the magnitude of the migration 

time window is shown in Fig. 3a. Increasing the pH of the running electrolyte between pH 

3.5 and 6.5 is accompanied by an increase in EOF and electrophoretic mobility of the 

micelle (see Fig. 3b). The increase i n  the EOF with increasing pH is due to the ionization 

of the silanol groups on the inner capillary walls, while the increase in the electrophoretic 

mobility of the micelle is indicative of increasing the charge density of the micelle. At 400 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
2
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1
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a. 

/1 nc= 

b. 
n, = 

1 

C. 

n,= 
1 

FIGURE 2. Typical electropherograms of alkyl phenyl ketones obtained at different 
sodium borate concentrations. Running electrolytes, 5.0 mM sodium phosphate containing 
50.0 mM MEGA 9, pH 7.0, at various borate conceiitration: 100 niM (a), 600 mM (b) and 
1000 mM (c). Solutes: 1, acetophenone; 2 .  propiophenone; 3, butyrophenone; 4, 
valerophenone; 5,  hexanophenone; 6 ,  heptanophenone. Other condition5 as i n  Fig. 1. 

mM borate in the running electrolyte, increasing the pH between 3.5 and 6.5 may have 

resulted in yielding higher ainouiits of coniplexing borate anions such as tetrahydoxyborate 

and cyclic trimer anions. This means that equilibria 1 and 2 shifted to the right as the pH 

was increased (high OH- concentr;Ltionj. 

On the other hand, at pH > 6.5 and using 400 inM boric acid i n  the running 

electrolyte, the EOF decreased W i t h  inci-easing pH of the medium. This decrease in the 

EOF may be attributed to a higher ionic strength at elevated pH as more borate ions are 

produced. I n  fact, Fig. 3b sliows the sliarp increase i n  the current at pH > 6.5, which is 

reflective of an increase i n  the ionic stren$i of the running elecrrolyte. Moreover, the 

electropholrric mobility of the micelle decreased slightly or srayed the same at pH values 

greater than 6.5. This may retlect tIi;it the magnitude of the increase in  the ionic strength is 

greater than that of the surfnce charge density of thc micelle. I t  is likely that at 400 inM 

borate concentration. pH > 6.5, lion coinplexing polyborates start ro be produced i n  a 
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FIGURE 3. Effect of pH on the magnitude of the migration time window in (a) and the 
electrophoretic mobility of the inicelle as well as the electloosmotic mobility and cuwent i n  
(b). Running electrolyte, 5.0 niM sodium phosphate containing 50.0 mM MEGA 9 and 
400 rnM borate at various pH values. Other conditions as i n  Fig. 1. 

significant ainotiiit so tliaf tlie increase i n  tlie ionic strength of the running elecholyte would 

outweigh the increase i n  the sui-face charge density of the micelle. 

The increase i n  the breadth of the migration time window at pH values of 7.0 and 

above is the result of the decrease in  the difference between tlie elecn-oosmotic velocity and 

the electrophoretic velocity of the micelle (see eqn Ij. As can be seen in  Fig. 3a, in die pH 

range 3.5-6.5 the rnigratioii time window exhibits almost constant breadth. This can be 
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a. 
n,= 

p 

b. 

4 
I P  i 

.- 

II 
C. 

n,= 
1 

FIGURE 4. TypicJl electropherograiiis of alkyl  plienyl ketones at various pH. Running 
electrolyte, 5.0 nihl sodiuln phosphate containing 50.0 mM MEGA 9 and 400 mM borate, 
at pH 3.5 (a), 6.5 (b) and 9.0 (c). Solutes: 1 ,  acetoplienone; 2 ,  propiophenone; 3, 
butyrophenone; 4. valerophenone; 5. hexanopheiione; 6, heptanophenone. Other 
conditions as in Fig. 1. 

attributed to the f x t  that both the EOF and [lie electrophoretic mobility of the micelle 

increased by almost the same factor. 

Figure 4 sliows representative electroplierogains of alkyl plienyl ketones at various 

pH values. Using 400 tnM borate even at a pH as low as 3.5, a negative charge can be 

introduced into the micelle and the separarinn of the vaiious solutes can be achieved. AS in 

the case of various borate concentration (see F i g  2), tlie results obtained at vaiious pll (see 

Fig. 4) show tlie advantage of  being able to manipulate the inifratioii time window. Using 

400 mM borate at pH 6.5 as the running electrolyte seems to provide the fastest analysis 

time with excellent resoliitioii among the various homologous solutes. 

In summary, using rcliitively liigh borate coiicciitratioii (e.g., 400 inhl:) i n  the 

running electrolyte. the migration time window and the analysis time of the in sill4 charged 

tnicellar system can be varied conveniently with changing pH. This represents a definitive 
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MECC WITH IN SITU CHARGED MICELLES. VII 3779 

advantage over traditionally used micelles such as sodium dodecyl sulfate (SDS) which are 

characterized by a fixed surface charge density. In fact, with the MEGA-borate micelles, 

the EOF remains stronger in magnitude than the electrophoretic mobility of the i/i sirir 

charged micelles, thus allowing the migration of the micelle toward the cathodic end over a 

wide pH range. This was not the case of the SDS micelle, where it was shown that the 

direction of the micelle was reversed as the pH was lowered to below pH 5.0 1191. Under 

this condition, weakly or non partitioning solutes into the inicellar system wotild be very 

retarded or would not elute. 

Coixlation Between CaDacitv Factor and Carbon Number. nr. of Homolocous Series. 

The retention behavior of alkyl phenyl ketones, having alkyl chains with carbon 

number, n,, from 1 to 6 ,  was examined using a MEGA %borate micellar phase. Plots of 

the logarithmic capacity factors (log k') of the alkyl phenyl ketone homologous solutes 

versus n, of the homologous series at different pH values and borate concentration yielded 

straight lines, and the linear regression data are listed in Tables 1 and 2.  These data are in 

accordance with those reported previously with MEGA ')-borate micelle phase at pH 2 9 

[ 2 ] ,  and follow the linear expression 

log h-' = (log a) i iC  + log p 
where the slope loga is a measure of inethylene group (CH?) or hydrophobic selectivity 

which characterizes nonspecific interactions, while the intercept logP reflects the specific 

interactions between the residue of the molecule and the aqueous and micellar phases. This 

equation implies a constant contribution to the free energy of transfer of the solute between 

the aqueous phase and the micell;ir phase with each CH? increment i n  the chain length of 

the homologous series. The data obtained at acidic and neutral pH values were i n  good 

agreement with those reponed previously at pH 2 9 [?-I to the extent that the slope and the 

intercept values are almost identical. This would suggest that the retention behavior of 

these inicellar phases towards uncliarged solutes at neutral and acidic pH conditions is 

similar to that obtained at alkaline conditions. 
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3.5 
4.5 
5.5 
6.5 
1 . 5  

8.5 

TABLE 1 

- 1.04 0.360 0.999 
-1.03 0.367 0.999 
-0.97 0.340 0.999 
-0.97 0.330 0.999 
-1.03 0.340 0.999 
- 1 .w 0.350 0.999 

MECHREF, SMJTH, AND EL RASSI 

~~ 1000 

Values of Slope, Intercept and R for the Correlation Between Capacity Factor, k', and 
Carbon Number i n  the Alkyl Chain of Alkyl Phenyl Ketones [log k'= (log a) t ic  + log p ]  
at Various pH Values1. 

- 1  15 0 34 0 999 

PH log a R 

TABLE 2 

Values of Slope. Intercept and R for the Correlation Between Capacity Factor, k', and 
Carbon Number i n  the Alkyl Chain of Alkyl Plienyl Ketones [log X'= (log a) / i C  + log P ]  
at Various Borate Concentration2. 

[Borate], mM 

100 
200 
400 
600 
XO0 

I 
log a R log P 

-0.92 0.34 0.999 
-1.10 0.37 0.999 
- 1.02 0.33 0.999 

-1 .12  0.34 0.999 
-1.10 0.34 0.999 
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I 12.00 
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I 5 10.00 

2 8.00 
Y u 

2.00 c -4 -I 

4.0 5.0 6.0 7.0 8.0 9.0 
PH 

FIGURE 5. Plots of capacity factor k’ vs. pH of the running electrolyte. solutes as i n  
Fig. 2. Other conditions as i n  Fig. 1. 

Deoendence of Capacitv Factor on pH. 

Figure 5 shows the depeildeilce of the capacity factor on pH. As expected, the 

value of the capacity factor remained more or less coiistailt over the pH domain studied. 

These results agree with those observed at higher pH doinah [2]. The capacity factors of 

the first four solutes of the homologous series were practically unaffected by pH, while the 

k’ of the other two solutes ( / I ( .  = 5 and 6) showed slight decrease and some fluctuations as 

the pH was changed. The slight fluctuations are within the raiige of experimental errors 

while the decrease in retention may be attributed to increasing Joule heating as a result of 

increasing the current with pH. 

Illustrative Apohcdtions 

Phetiuxy Acid Herbicides uiid their Esfers. An advantage of the MEGA-borate 

micellar phase at low pH resides i n  its ability to separate acidic herbicides and their esters. 

Vie separation of ester herbicides employing MEGA-borate micellar phases at alkaline pH 
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values was not successful due to the fact that esters hydrolyze readily i n  alkaline media 

(results not shown). Figure 6 illustrues the separation of a mixture of five herbicides (see 

below for structures) consisting of two acidic herbicides (silvex and 2,4,5-T) and three 

ester herbicides namely 2.4-D isopropyl estcr. 2,4-D butyl ester and 2,4,5-T isopropyl 

ester. 

Silvex ( 1 )  2,4-D butjl ester (3) 

0 

\ 
OH 0- CH 

I 

2 4 - D  isoprpyl ester (4) 
c1 

243-T  (2) 

FI 
0- F H  

CHI 
c1 
2,4,5-T isoprpyl ester (5) 

The separation was carried out using 7-00 mh4 sodium borate containing 50 mM MEGA 9 

and 5.0 mM sodium phosphate, pH 7.0. Under tliesr separation conditions, silvex and 

2.4.5-T are negatively charged and as a result they associate very weakly with the 

negatively charged MEGA-borate micellar phase, thus migrating mostly by their own 

electrophoretic mobility faster tliaii the other three analytes. The ester herbicides are neutral 

and therefore their elution order reflects their relative hydrophobicity, The separation is 

completed i n  lesh than I S  tniii with ;in a v e t q e  plate count of 315 000 platcs/in, 

U r w  Her./iiridcs. Fig. 7a and b illustrates the separation of nine urea herbicides 

(for structures, see below) using MEGA 10-borate micellar phases at pH 5.0 and 7.0, 

respectively. With the exception of terbacil, tlie elution order of the components of the 

standard mixture is tlie same as that repoited in an earlier study [2]  using the same micellar 

phase but at pH l(1.U. .4t pH 5.0 and 7.0, terbacil eluted first while at pH 10.0 i t  inifrated 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
2
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



MECC WITH IN SITU CHARGED MICELLES. VII 

2 

3783 

0 * N 
4 

4 

Min 
FIGURE 6. Electropherogram of phenoxy acid herbicides and their esters. Running 
electrolyte, 5.0 mM sodium phosphate containing 50.0 mM MEGA 9 and 400 inM borate, 
pH 7.0. Solutes: 1. silvex;2, 2.4,5-T; 3, 2.4-D butyl es tecq,  2,4-D isopropyl ester;J. 
2,4,5-T isopropyl ester. Other conditions as in  Fig. 1 .  

slower than monuron and fluoineturon 121. This illustrates the advantages of being able to 

utilize a given ir i  sitir charged micellar phase over a wide range of pH, as far as changing 

the selectivity of the MECC system is concerned. The average plate counts per meter were 

224 000 and 189 000 at pH 5.0 and 6.0, respectively. 

0 
Terbacil ( 1 )  

CI 
Monuron (2) Fiuometuron (3) 
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a. 1 

1 1  

:1 0, 
N a 

-1 r 

b. 
6 

2 

' 3  

Ili 

FIGURE 7. Electropliei~ograiiis of urea herbicides. Running electrolytes, 5.0 mM sodium 
phosphate conraining 50.0 inM MEGA 10 mid 400 mM borare, pH 5.0, in  (u) or 200 m M  
borate, pH 7.0 i n  (b). Solutes: 1. terbacil; 2 ,  iiionuron; 3, tluoineturon; 4, ~netobroniuron; 
5,  siduron; 6, diuron; 7. lintiron: X. neburon: 9, cliloroxuroii. Other conditions as i n  Fig. 
1.  

Metobroinuron (4) Siduron (5)  CHj 

CI 

Diuron (6) CI' Linuron (7)  

Nehuron ( 8 )  Chlorohuron (9) 

D U I I S ~ ' /  Ani;/io Acids.  Figure 8 illtistratcs the electropllrrograin of 15 dansyl amino 

acids using MEGA 10-borate micellnr phase at pH 7.0. As can be seen i n  this figtire, the 

system provided a buseline separation of I3 dansyl amino acids. The order of migration of 

the different analytes was the same as t l i x  observed i n  an earlier study using the same 
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J 

Min 
FIGURE 8. Electropherogram of dansyl amino acids. Running electrolyte, 400 inM borate 
containing 100 inM MEGA 10, pH 7.0. Solutes: 1, glutainine; 2, asparagine; 3, threonine; 
4, serine; 5 ,  valine; 6, methionine; 7, glycine; 8, isoleticine; 9, ieucine; 10, arginine; 11, 
phenylalaniiie; 12, tryptophan; 13, giutamic acid; 14, aspartic acid: 15, cysteic acid. Other 
conditions as in Fig. 1. 

micellar phase but at pH 10.0 [ 2 ] .  Although, dansylated glutaniine, asparngine and 

threonine co-mipated at pH 7.0, the resolution among the other thirteen dansyl amino acids 

is much better than that obtained at pH 10.0 [ 2 ] .  The difference between the two 

separations may be attributed to differences in the degree of ionization of the solutes at pH 

7.0 and 10.0. The separation was achieved i n  less than 24 minutes with an average plate 

count of 332 000 plates/ineter. 
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