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Abstract 

The effects of LY-, p- and y-cyclodextrins on the migration behaviour of periodate ion in capillary iso- 
tachophoresis were investigated. The qualitative index R, for periodate ion increased linearly with increasing 

cyclodextrin concentration in the leading electrolyte. The magnitude of the increase was in the order p- > LY- >y- 
cyclodextrin. During migration. periodate ion was decomposed to iodate ion in the presence of cyclodextrins. The 

decomposition rate was in the order y- > p- > a-cyclodextrin. For the simultaneous determination of iodate and 
periodate ions, p-alanine was better than histidine as the buffer added to the leading electrolyte. Triton X-100 was 
also better than poly(viny1 alcohol) as the additive to the leading electrolyte. 

1. Introduction 

In a previous paper [l] it was shown that each 
ion of groups of inorganic anions such as nitrite 
and nitrate ions, cyanate, thiocyanate and 
selenocyanate ions. chlorate and perchlorate ions 

and chloride and iodide ions was separable by 
capillary isotachophoresis using leading elec- 
trolytes containing a-cyclodextrin (CD); it is 
difficult to separate these ions by the use of 

ordinary leading electrolytes. 
In general, periodate ion oxidizes carbohy- 

drates to give iodate ion [2,3]. In this work, first 

the following conditions were examined for the 
simultaneous determination of iodate and 
periodate ions: two kinds of buffers for the 

leading electrolyte, histidine and p-alanine; and 
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two kinds of additives to the leading electrolyte, 

poly(vinyl alcohol) and Triton X-100. Then the 
isotachophoretic migration behaviour of per- 
iodate ion when cr-, p- or y-CD was added to 

the leading electrolyte was studied in detail. The 
effects of IY-, @- and y-CDs on the qualitative 

index R, for other anions (e.g., chromate, tetra- 
thionate, fluoride, perchlorate and iodide ions) 
were also studied. 

2. Experimental 

2.1. Apparatus 

A Shimadzu Model IP-2A isotachophoretic 
analyser was used with a potential gradient 
detector. The main column was a fluorinated 

ethylene-propylene (FEP) copolymer tube (15 
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cm x 0.5 mm I.D.), and the precotumn was a 
polytetrafluoroethytene (PTFE) tube (4 or 10 
cm x f.U mm ED). A Har~~i~tun Model 1701-N 
microsyringe was used for the injection of sam- 
pIcs into the isotachophoretic analyser. DistilIed, 
demineralized water was obrained from a 
Yamato-Kagaku Model WG-25 automatic still 
and a Nihon Millipore Milli-QII system. 

All reagents were of ~nalytica~~reag~i~t grade 
and used as received. Distitted, demineralized 
water was used throu~huut. The cy-, p- and 
y-CDs were abtained from the Nacalai Tesque, 
Standard solutions of various anions were pre- 
pared by dissolving their sodium or potassium 
salts in water; those of periodate ion were 
prepared from sodium metaperiodate once a 
week because periodate is liable to cause hy- 
drolysis I 

vutumes of 5 pi of sdutions contarning 1.0 
mM periodate ion. I.0 rn,U iodate ion or their 
mixtures were injected into the isotachophoretic 
analyser. The migration current was maintained 
at 150 )(~LA for the first 10 or 11 min and then 
reduced to SO &A. The following leading elec- 

trolytes were examined for the simultaneous 
determination of &dare and periodate ions; (I) 5 
mM hi&dine hydrochloride-0,01% (w/w) Tri- 
ton X-100 [pf-f 4.3); (II) 5 mM hydrochloric 
acid-0.01 96 (w ! w) Tri ton X-IO&@&nine ( pH 
3.4). The terminating electrotyte was 112 rnb$ 
sodium acetate solution. The R, value [3f was 
used as a parameter of identification of the 
analyte ions. and is defined hy the equation 

where kfiL and 6, are the effective mobilities of 
the Leading and the anatyte ion A and E, and E,& 

are the potential gradients- When 1.0 mrW 
periodate ion was measured, two zones were 
observed with the use of Ieading efectroljrte If as 
shown in Fig. 1A. The R, value of zone c in Fig, 
IA is ah~ost equal to those in Fig. 1B and C. 
The length of zone c in Fig. 1C is almost equal to 
the sum of those in Fig. 1A and B. Therefore, 
zones b and c in Fig. 1A correspond tu periodate 
and iodate ions, respectiveIy. This phenomenon 
seemed to be caused by the insufficient buffering 
capacity of histidine at the pH of leading elec- 
trolyte I. On the. other hand, only one zone of 
periodate ion was sbrained with the use of 
leading electrolyte II, as shown in Fig. 2A. 
Clearly separated and stable zones with sharp 
boundaries for ictdate and periodate ions were 
obtained as shown in Fig. 2C. It was not possible 
to separate tfiese ions when polyfvinyl atcohof) 
(degree of poIymerization 500 and 2000) was 
used instead of Triton X-100. 

Linear calibration graphs were obtained for 
iodate and periodate ions with the use of lending 
electrolyfe II I The regression equations for 
iodate and periodate ions were y =; 15.2~ + 0.1 
(O<x~2.5, 09q6338.1) and y=l3>2u-0.1 
(O~~X2S, oq 6 33.2), respectively, where n 
is the concentration of the ion in mM and y tht3 
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Fig. 2. Isotachopherograms for iodatc and periodate ions by 

use of the leading electrolyte II. (A) 1 mM IO, ; (B) 1 mM 

IO,; (C) 1 mM IO3 + 1 mM IO,. (a) Cl- : (b) IO;; (c) IO, ; 
(d) CH,COO ~. 

zone length in mm when the recording speed is 
adjusted to 40 mm/mm. Both correlation co- 
efficients were 0.9999. The relative standard 
deviations were obtained by calculating the zone 
length per 1 .O mM at each point on the cali- 
bration graphs. They were 2.2% and 0.87% (n = 
5), respectively. The limits of determination for 
iodate and periodate ions were 6.6 x lo- ‘; and 
7.6 x 10-j mM. respectively. corresponding to a 
O.l-mm zone length. When S-PI volumes of 
solutions containing various concentrations of 

iodate and periodate ions were injected and 
analysed by use of the calibration graphs, the 
error in the simultaneous determination of these 

anions was less than ?12%, as shown in Table 1. 
Therefore, leading electrolyte II was adopted for 
subsequent experiments. 

3.2. Effects of concentration of CDs on R, 
values for periodate and iodate ions 

A solution containing 1.0 mM periodate or 

iodate ion was analysed and the R, values were 
calculated as above. The concentration of (x- or 
y-CD in th e ea mg electrolyte was increased to I d’ 

50 mM and that of P-CD to 15 mM owing to the 
poor solubility in water. It was possible to 
prepare a leading electrolyte containing 50 mM 

P-CD by the addition of 3 A4 urea [5]. Urea was 
not used in this study because this leading 
electrolyte contained a lot of impurities. The R, 
value of periodate ion increased linearly with 
increasing concentration of LY-, /3- and -y-CDs up 
to 30, 15 and 30 mM, respectively, as shown in 

Fig. 3. The magnitude of the slope of the 
regression line of R, vs. a-, p- or y-CD con- 
centration for periodate ion was in the order 

/3- > a- > -y-CD, which corresponds to that of the 
magnitude of the interaction between periodate 
ion and (Y-, p- or y-CD. The effective mobilities 

of analyte ion A (ti*) in the presence of an 
electrically neutral ligand N, or Nz are expressed 
as follows by modifications of the equations 

derived by Tazaki et al. [6]: 

Table 1 
Analytical results for iodate and penodate ions 

Mixture 

1 

2 

3 
4 
5 
6 

Added (mM) Found (mM) Error ( ‘5 ) 

10; 10, 10, IO, IO, IO, 

0.50 2.5 iI.% 2.4 +12 -4.0 

1.0 1.0 1.1 O.Y6 + IO -4.0 

1 .o 2.0 1.1 l.Y + IO -5.0 
I.5 1.5 I.5 1.5 0.0 0.0 
2.0 1.1) 2.1 0.03 ts.0 -6.0 
2.5 0.50 2.6 0.45 t4.0 -10 
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Concentration of cyciodextrln, mM 

Fig. 3. Effect of cyclodextrin concentration on the R, values 

of iodate and periodate ions. Solid lines. IO, ; dotted lines. 

IO,. 0 = a-CD; C = P-CD; l = y-CD. 

(2) 

(3) 

where mA, mAN and mAy, are the ionic mo- 

bilities of the free analyte ion A and the com- 

plexed analyte ions AN, and AN,, respectively. 
K AN, md KA,, are the complex formation 

constants of A _ with the ligand N, and N,, 
respectively, and [N,], and [N21A are the ligand 
concentrations in each zone. By use of both 

calculated and experimental data, Tazaki et al. 
[6] showed that m, decreases with increasing 
IN,], or [N,], (that is, the R, value increases): 
if K,, > K,,,, fi, in Eq. 2 is less than fi, in 

the Eq. 3 (the R, value for the former I?I, is 
greater than that for the latter gA) and if 
K ANI < K,4,Z. fi, in Eq. 2 is greater than +z, in 

the Eq. 3 (the R, value for the former ti, is less 

than that for the latter G,). Therefore, if 
K AN,=&4 1’ the slope of the regression line of 

R, vs. the l&and N, concentration is larger than 
that vs. the ligand N, concentration and if 
K AN,<KAN,' the former slope is smaller than 

the latter. The R,, value of iodate ion remained 
almost constant, increased or slightly increased 

when the concentration of a-, /3- or y-CD 
increased, respectively. 

-3.3. Behaviour of periodate ion in the presence 

of CDS 

When solutions containing 1.0 mM periodate 
ion were analysed, the zone length of periodate 

ion decreased with increasing concentration of 
cy-, /3- and y-CDs and the zone disappeared at 40 
mM a-CD and 50 mM y-CD, as shown in Fig. 4. 

The zone length of periodate ion at 10 mA4 CD 
concentration was in the order of cy- > p- > y- 
CD. Another zone began to appear and in- 

creased with decreasing zone length of periodate 
ion. The new zone was presumed to correspond 
to iodate ion for the same reason as in the 

explanation of Fig. 1. 
In order to confirm above phenomena, the 

following experiments were carried out by the 

modified procedure proposed by Honda and co- 
workers [2,3]. Two kinds of solutions were 
prepared: leading electrolyte II containing 2 mM 

periodate ion (solution A) and leading elec- 
trolyte II containing 2 mM a-CD or 10 mM (Y-, 
p- or y-CD (solution B). A l-ml volume of 

solution A was mixed with 1 ml of solution B in 
a test-tube. The test-tube was allowed to stand at 
room temperature (21.9-23.4”C). A 5~1 voIume 

of the mixture was taken and injected into the 

15 

0 

Concentration of cyclodextrin. mM 

Fig. 4. Decomposition of periodate ion in the presence of a-, 
p- or y-cyclodextrin during migration. Solid lines, IO;; 

dotted lines, IO;. [7 = u-CD; 0 = P-CD; 0 = y-CD. 
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Time, h 

Fig. 5. Decomposition rates of periodate ion. Salid lines, 

10;; dotted lines, IO,. l = Addition of 1 mM cu-CD; 0 = 

addition of 5 mM a-CD; 0 = withuut a-CD. 

isotachophoretic analyser every 20 min. Figs. 5 
and 6 show the results. With 1 mM a-CD, the 
concentration of periodate ion began to decrease 
after 40 min and then decreased linearly up to 
0.84 mM after 3 h. CIn the other hand, the 
concentration of iodate ion began to increase 
after 40 min and then increased linearly up to 
0.16 mh/l after 3 h. The total concentration of 
periodate and iodate ions at each sampling time 
was 0.99-1.0 mM over 3 h. With 5 mM (Y-CD, 
the concentration of periodate ion began to 
decrease after mixing and then decreased linear- 
ly up to 0.50 mM after 3 h. The concentration of 

Time, h 

Fig. 4. Decomposition rates of periodate ion. Solid lines, 

10; : dotted lines, IO; 0 = Addition of 5 mM n-CD; C = 

addition of 5 mM P-CD; 0 - addition of 5 mM ?-CD. 

iodate ton began to increase after mixing and 
then increased linearly up to 0.44 mM after 3 h. 
The total concentration was 0.94-0.99 mM. 
Without a-CD, the concentration of periodate 
ion was almost constant (0.97-1.0 mM) over 3 h. 
With 5 mM P-CD, the concentration of period- 
ate ion began to decrease after mixing and then 
decreased up to 0.30 mM after 3 h, The con- 
centration of iodate ion began to increase after 
mixing and then increased up to 0.68 mM after 3 
h. The totai concentration was 0.98-1.0 mlM. 
With 5 mM y-CD, the concentration of period- 
ate ion began to decrease just after mixing and 
then decreased up to 0 mM after 1 h 40 min. The 
concentration of iodate ion began to increase 
just after mixing, increased up to 0.91 mM after 
1 h 40 min and then gradually increased up to 
0.48 mM after 3 h. The total concentration was 
0.91-1.0 mM. 

Consequently, it was concluded that periodate 
ion was decomposed by its reduction to iodate 
ion in the presence of CDs; the magnitude of the 
decomposition rate was in the order of y- > p- > 
cu-CD and depended on the concentration of 
CDs, This order was not contradictory to that of 
the zone length of periodate ion at a 10 mM CD 
concentration in Fig. 4. It may be possible to 
estimate the ease of oxidation of CDs from the 
order of the magnitude of the decomposition 
rate for periodate ion. Hence the phenomena 
observed during the migration of periodate ion 
with CDs were confirmed. 

3.4. Effects of concerztration of CDs on R, 
values for other antons 

The R, values of other anions such as chro- 
mate, tetrathionate, fluoride, perchlorate and 
iodide ions were obtained when the concentra- 
tion of cy-, p- or y-CD in the leading electrolyte 
was changed. A 2-~1 volume was adopted as the 
injection volume for a solution of 1.0 mM of 
tetrathionate ion when the leading electrolyte 
containing cu-CD or that without CDs was used, 
because a mixed zone with leading anion was 
formed on injection of 5 ~1 of the solution. The 
injection volume was 5 ,uf for the other anions. 
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Concentration of rr-cyclodextrln, mM Concentration of r-cyclodextrin, mM 

Fig. 7. Effect of a-CD concentration on the R, values of Fig. 9. Effect of -y-CD concentration on the R, values of 
anions. 0 = CrOi ; l = F ; 3 = CID, : A = 1’ _ anions. C=CrOa-: l =S,Uim; H=F-; n=ClOb; .&=I-, 

Figs. 7-9 show the results. The R, values of 
chromate, perchlorate and iodide ions increased 

linearly with increasing concentration of a--CD. 

The magnitude of the slope of the regression line 
for these anions was in the order perchlorate > 

chromate = iodide. which corresponds to that of 
the magnitude of the interaction between these 
anions and Q-CD. This is explicable in a similar 

manner as described in Section 3.2. The R, 

value of fluoride ion slightly decreased. The R, 
value of tetrathionate ion was constant over the 

range O-20 mM a-CD, although this is not 
shown in Fig. 7. Therefore, the solution of 
tetrathionate ion was not injected for leading 

2.0 _ 

1.8 

1.6 

Concentrarlon of #-cyclodextrin. mM 

Fig. 8. Effect of p-CD concentration on the R, values of 

anions. 0 = 0-0: ~; l = s,of : l = F : q = CIO, : a = 1 

electrolytes containing cu-CD at concentrations 
above 20 mM. The R, values of chromate, 

tetrathionate and perchlorate ions increased 
linearly with increasing concentration of P-CD, 

The magnitude of the slope for these anions was 
in the order tetrathionate > perchlorate > 
chromate. Iodide ion was faintly detected and 
the R, value was 1.01 when the concentration of 
P-CD was IS mM. The R, value of fluoride ion 
decreased slightly similarly to the result for the 
addition of a-CD. The R, values of chromate, 
tetrathionate and perchlorate ions increased 

linearly with increasing concentration of y-CD. 
The magnitude of the slope for these anions was 
in the order chromate =;r tetrathionate > per- 

chlorate. The R, value of fluoride ion was 
almost constant. A weak indication of the detec- 
tion of iodide ion was recognized when the 

concentration of y-CD was 20 mM. The zone for 
iodide ion began to appear at 30 mM ?-CD 
concentration and its R, value increased slightly. 

The magnitude of the slope of the regression 
line of R, vs. ar-CD concentration was compared 
with that of R, vs. p- or y-CD concentration far 
each anion. The following indications were ob- 
tained: the magnitude of the interaction between 
chromate ion and cru-CD was almost equal to that 
for p- or y-CD; the magnitude of the interaction 
for tetrathionate ion was in the order p- > y- 3 
a-CD; the magnitude of the interaction for 
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perchlorate ion was in the order (Y- > p- > y-CD; 
and the magnitude of the interaction for iodide 
ion was in the order CX- > p- = y-CD. 

References 

[l] K. Fukushi and K. Hiiro. J. Chromatogr.. 518 (1990) 
189. 

[2j S. Honda. H. Wakasa, M. Tcrao and K. Kakehi, J. 

Chromatogr.. 177 (1979) 109. 

(31 S. Honda. K. Suzuki and K. Kakehi, Anal. B&hem., 
177 (1989) 62, 

141 T. Hirokawa, N. Aoki and Y. Kiso. J. Chromatogr., 312 
(1984) 11. 

151 H. Nishi, Y. Kokusenya, T. Miyamoto and T. Sato, in 

Proceedings of the 12th Symposium on Capillary Electro- 
phoresis, Him@, December 2-4, I992, Japan Discussion 

Group of Electrophoretic Analysis: Japan Society for 

Analytical Chemistry, Tokyo! 1992, p. 49. 

[61 M. Tazaki, T. Hayashita, Y. Fujino and M. Takagi, Bull. 
Chem. Sot. Jpn., 59 (1986) 3459. 


