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SUXIMXRY 

Fe3 - was examined as a detection reagent in the analysis of inorganic anions 

by high-performance liquid chromatography. The chromatographic conditions were: 
the stainless-steel tube was packed with TSK-GEL IEX-520 QAE: 0.05 M sodium 
acetate buffer (pH 5.423) containing 0.05 .\I sodium nitrate was used as eluent; and 0.S 

M perchloric acid containing 0.05 :I/ iron(III) perchlorate was chosen as a complex- 
forming reagent. Under these conditions, chloride, suiphate and thiocyanate ion were 
determined in the range Z-500 nmol. and phosphate, nitrite and thiosulfate ion in the 

range S-500 nmol. 

INTRODUCTION 

A few methods for the simultaneous determination of inorganic anions by 
high-performance liquid chromatography (HPLC) have been reported’-‘. Conduc- 
tometry is generally used to detect the most ionic species by the method known as ion 
chromatography ( iC)6. One of the disadvantages of this method is the lack of selec- 
tivity in the analysis of biological samples. UV detectors also lack sekctivity. and 
cannot detect some major anions, such as chloride_ phosphate 2nd sulphate ions. 
because they have no absorption in UV region. 

Recently, we reported the determination of free and bound sulphate’ and 
thiocyanate’ in human urine cr serum by HPLC. The principle of this method was 
based on the formation of sulphate or thiocyanate complexes wivlth Fe” (refs. 9 and 
IO), which was used as eluent and colour-developin, = reagent. It was also known that 

Fe3’ forms coloured compleses with chloride, phosphate and sulphate ions”.“. 
In this paper, we report the utility of Fe3- as a detection reagent for the 

analysis of inorganic anions by HPLC, using a post-column derivatization method. 

EXPERIMENTAL 

Reagents 
AU chemicals used were of analytical grade. Water was redistilled after passage 

through anion-exchange resin. 
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Detector 

fO_r;niZl5 

reagent El JJ- Recorder 

Perchloric acid (0-S .li) containin s 0.05 .\I iron(iII) perchlorate \vas used. 

Sodium acetate buffer (0.05 .\I. pH 5.4s) containing 0.05 .\I sodium nitrate was 
used. 

Pumps (Model PSU-3.5). a variable injection \al\e (Model VMD-3%). pres- 
sure gauges (Xlodel GN-100). a water-jacketed stainless-steel tube and a LJV detector 
(rllodel D-IU)C) were obtained from Seishin Pf armaceutical (Tokyo, Japan). A re- 
corder (Model ss-250F) was obtained from Sekx-tic (Tokyo. Japan). A water bath 
\\ith a thermoregulator (hfodel BT-35) was obtai*Jed from Yamato Scientific (Tokyo. 
Japan). UV spectra \iere measured by a Hitachi 340 automatic recording spectropho- 
tometer. 

HPLC apparatus 

Fig. 1 is a flow diagram of the chromatographic system. PI stainless-steel tube 
(150 mm x 4 mm I.D.) was slurp-packed with TSK-GEL IEX-520 Q_AE (silica type 
pellicular anion exchanger). Pump 1 was used to deliver an eluent at a flow-rate of03 
ml:min. The temperature of column and reaction coil was kept at 3S’C. The complex- 
forming reagent \vas delivered by pump 2 at a flow-rate of 0.4 ml!min. The reagent 
from pump Z was mixed with the effluent. The mixed solution was delivered to the 
reaction coii, and was then monitored with the UV detector at 340 nm. PTFE reac- 
tion coil was Z m x 0.25 mm I.D. 
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TABLE I 

COMPLEX FORMATION OF INORGANIC ANIONS WITH Fe“ 

Reactions were carried out in 0 S .I/- HCIO, contaming 0 05 .\I Fe(CIO,),. UV spectra were m~zsurrsi 
Hithin 5 min uicg a reagent blank as a reference. Detection limits Here obtained by the system \\ithout 3 
column illustnted in Fis 1. Distilled water was used as a carrier solution from pump I keepins the flo\r- 

de at 0.2 ml!min. 

Anion 4l.U 
(Il~ll] 

Dertvrrorr 

litnir (rmol) 

CI-0~ - 

SCN- 

F&N): - 
Fetch’): - 
so: - 
cl- 
p,o: - 
I- 

p,o:, 
S’ - 

s,oj - 
SO, 

PO1 - 

;05. 2-l 0.4 

310 I.3 

305 I6 
305 I.9 
306 2.5 
335 4s 
310 5.2 
306, 350 5.6 
310 6.1 

- 7.1 
30s s-1 
372. 360 IO s 
?I0 I I.9 

so; - 

PO: - 

H,PO, 
IO, 
CO;- 

Br- 
B,Oj - 

BrO; 
CX- 
SiOg- 
NO; 
F- 
ao; 

308 11.7 
- l4.S 
- 2s.s 
- 73.7 
- 141._3 
- 144.3 
- 106.4 
- 931.7 

392.’ 
‘S5.7 

- - 
- - 
_ - 

RESULTS AND DISCUSSiON 

Complex formation between irrorgarlic anions and Fe’ T 
Iron(iI1) perchlorate was used as a comples-forming reagent for each anion. 

and perchloric acid was chosen as a reaction medium, because of its lower complesing 
ability which would minimize ligand exchange during the analysis”. Iron(IlI) per- 
chlorate and perchloric acid concentrations were determined according to the con- 

ditions of sulphate ion analyses by Nakae et al.” _ Tested inorganic anions formed 
iron(iII) complexes exhibiting an absorption at ~7. 300 nm. except for nitrate, fluoride 
and chlorate ions. Twenty-Sk inorganic anions were examined, .and their detection 
limits lvere measured (Table I). 

Since considerable absorption by the reagent blank was observed at 300 nmg. 
the monitoring wavelength for these anions was set at 340 nm, where 60-70 “/A of the 
maximum absorbance was obtained_ Fo;rrteen inorganic anions from chromium( VI) 
o.xide to sulphite ion shown in Table I exhibited strong absorption at 340 nm; the 
detection limits for these were 0.4-12 nmol by a peak height method, and for other 
inorganic anions were 73-930 nmol. These results suggest that Fe3’ is \‘ery useful as 
a reagent for the detection of certain anions such as phosphate. sulphate. chloride_ 
nitrite, thiosulphate, iron(M) cyanide and iron(H) cyanide ions, which might be 
present in biological fluids, foods or environmental pollutants. 

Sepmation of it~organic anions by HPLC 
The separation of nine inorganic anions (thiocyanate, iron(iII) cyanide. 

iron( II) cyanide, sulphate, chloride, iodide. thiosulphate. nitrite and phosphate) was 
examined using the chromatographic system illustrated in Fig. 1. Perchloric acid (0.8 



.\f) containing 0.05 .\I iron(II1) perchlorate was used as a complex-forming reagent. 
Sodium nitrate solution or sodium acetate buffer containing sodium nitrate. which ex- 
hibited little absorption at 340 nm. was chosen as eluent. The effect of sodium nitrate 
concentrations on the retention time and the separation of inorganic anions on a 
colamn of the pzllicular anion exchanger. TSK-GEL IEX-530 QAE. were examined. 
Seven anions (thiocyanate. sulphate. chloride. iodide. thiosulphate. nitrite and phos- 
phate) were not separated completely with 0.1 .\I sodium nitrate; however. these 
anions were separated completely within 30 min when the flow-rate \vvas changed 
from 0.S EO 0.33 ml min (Fig. 2). 

Iron(III) cyanide and iron cyanide ion were not eluted with sodium nitrate 
in the concentration range 0.1-0.3 _\f within 60 min because they were stron& 
absorkd on the resin. In order to keep the pH constant, sodium acetate butfer 
containing sodium nitrate ~vas examined. When 0.05 .\I acetate buffer (pH 5.45) 
containing 0.05 .\I sodium citrate was employed as eluent. complete separation of 
these anions was obtained \\itt,in 20 min (Fig. 3). 

The effect of different concentr&ti1js of perchloric acid and iron(II1) per- 
chlorate on complex formation KIZ, esamincci. The eluent and its flow-rate were kept 
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Fis 1 Chromsto_gam of a standard mkrure of inorganic LIIIOUS. Elurnr. 0.1 .!I NaNO,; flow-rate. 0.32 
ml m!n; otherconditions are described m the text. Peaks: 1 = PO:-; 1 = Cl-; 3 = NO,; 4 = SO:-; 5 = 
S,@-:6 = I-:7 = SCX-. 

Fi_e 3. Ckromato_- of a standard mixture of inorganic anions. Ehcnt_ 0.05 .tf xemte btier (pH 5.15) 
conuimrg 0.05 .\i NaSO,; flow-me_ 0.8 d&in: other conditions are described in the text. Psrtks: 1 = 
PO:-; 2 = cl-: 3 = NO,: -t = soi-: 5 = s,o;-; 6 = I-; 7 = SCN-. 



HPLC OF IXORGANIC ANIONS 59 

0.4 0.8 1.2 

Concentration of HClO, ( M 1 

Fig. 1. Effect ofconcrntratlon of HCIOc on comply fomwrion of imrgmic axons In HPLC. using0 05 .!I 
Fe(CIO,),. Curies: 0 = SO;-; e = Cl-: Lz = SCN-: E = X0;: A = PO:-:A = S,Oj- 

constant at 0.05 M acetate buffer (pH 5.48) containing 0.05 :I/ sodium nitrate and 0.8 
ml,‘min. reqxcti~ely. The flow-rat2 of the complex-forming r2agent was kept constant 
at 0.4 ml/min. The sffects of \?arious concentrations of perchloric acid and iron(lI1) 
perchlorate on the response for inorganic anions are sho\vn in Figs. 4 and 5. 

The response for the six anions increased with decreasing concentration of 
perchloric acid (Fig. 4), but the response for the rcag2nt blank also increased. On the 
other hand, the response for these anions increased with increasing concentration of 
iron( III) perchlorate (Fig. 5). 

Considering the backsound absorption, 0.8 M p2rchloric acid and 0.05 A/ 
iron(III) perchlorate were used in this system. 

Under the chromatographic conditions and using the post-column method, it 
s22med that the iron(III) complexes of these anions (chloride. sulphate. thiocyanate. 
phosphate, nitrite and thiosulphate) were stable during the time passing the flow cell. 
because these absorbances were unchanged for 5 min. On the other hand, the absor- 
bance of iodide ion increased, because of o.tidation by F23 +. 

Chloride. suiphate and thiocyanate ion were determined in the range Z-500 
nmol, and phosphate, nitrite and thiosulphate ion in the range 8-500 nmol. 

The precisions (coeEcients of variation, II = 7) were 1. I, 0.8, 5.1. 3.8. I .6 and 
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Fig. 5. EKxr of ccrncunrntion of F-z(CIO,), on complex fomstion ofinorganis anions In HPLC. WE! 0.3 
.I1 HCIO,. Cur.a: 0 = SO:-: e = CI-: 0. = SCN-; q = Noi: n = PO:-:A = S,e;-. 

I.?“, l-or 50 nmol chloride, 25 nmol sulphate, 25 nmol thiocyanate, 100 nmol phos- 
phate. 100 nmoI nitrite and 100 nmol thiosulphate, respectively. 

Fig. 6 illustrates a chromatogram for the analysis of waste water. High levels of 
chloride and sulphate ions were detected in this sample. 

A chromatogram for the analysis of human urine is shown in Fig. 7. The 
WCOU~. third and fourth peaks were attributable to phosphate, chloride and sulphate 
ion, respectively, and the trace amount of thiocyanate ion (1.4 nmol) was determined 
with only 10 PI urine sampIe_ 

CONCLUSION 

Fe3- was used as a detection reagent for the analysis of inorganic anions by 
HPLC. This method could determine major anions such as chloride, phosphate and 
sulphate, which have no absorption in UV re&on, and was selective in the analysis of 
biologic4 samples. Thus it may be suggested that this method is useful for the simul- 
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Fig. 6. Chromatogram of waste water. Sample size. 10 ~1. Pez~ks: 1 = Cl- (200 mnol); 2 = SOi- (15 mol). 

Fig_ 7. Chromzltogam of human unnc. Sample size. 10 d. Pubs: I = PO:- (257 nmol): 7 = Cl- (IS00 
nmol); 3 = Se:- (100 nmoi); 1 = SCN - (I .-I nmol). 

taneous determination of inorgmic anions, such as phosphate. nitrite, chloride, suL 
phate, thiosulphate and thiocyanate. with sufficient sensitivity and simplicity. 
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