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ABSTRACT 

This paper describes, for the first time, a high-performance liquid chromatographic method for the determination of 
tbiocyanate anion as its pentafluorobenzyl derivative. The method is based on pre-column derivatization of thiocyanate anion with 
a-bromo-2,3,4,5,6_pentafluorobenzyl (PFB . Br). The derivative and chromatographic conditions were investigated. It is found 
that of different derivative solvents, such as acetone, acetonitrile and dichloromethane, acetone is the best. The chromatographic 
conditions were optimized by using a Zorbax ODS column and methanol-water @0:20, v/v) as mobile phase at a flow-rate of 1.0 
ml/min and the eluent was monitored by a UV detector operating at 254 nm. The detection limit is 2.7 ng, and the method is both 
sensitive and selective. It has been successtirlly applied to the analysis of waste water of an electroplate and the saliva of regular 
smokers. Recoveries thus obtained were 93.7-W?% and 92.1-lOl%, respectively. 

INTRODUCTION 

Thiocyanate has been extensively used for 
various purposes, such as dyeing, medicine, 
photography, catalysis, prevention of erosion, 
etc. [l]. Several authors have demonstrated in 
vivo conversion of thiocyanate to cyanide by an 
erythrocytic enzyme, and suggested the physio- 
logical effects of its conversion [2]. In addition, 
since thiocyanate has a long plasma half-life, its 
concentration is a good index of long-term expo- 
sure to cigarette smoke [3]. Finally, the thyreo- 
static effect of the thiocyanate anion, produced 
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by inhibiting iodine transport in the thyroid, is 
well known [4]. 

A number of publications have been devoted 
to the determination of thiocyanate by chro- 
matographic methods, such as derivative gas 
chromatography, ion chromatography and ion- 
exchange chromatography [5]. In derivative gas 
chromatography, (u-bromo-2,3,4,5,6-pentafluoro- 
benzyl (PFB - Br), which is highly sensitive to 
electron-capture detection (ECD), is widely em- 
ployed as the derivative reagent with which 
thiocyanate reacts to give a high yield and stable 
product, which is then quantitatively analysed by 
GC [5]. This method has high sensitivity and 
selectivity, and thus is of recent interest. How- 
ever, its disadvantages are obvious: (1) in pre- 
column derivatization the thiocyanate anion 
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reacts with PFB - Br in dichloromethane, which 
is an unsuitable solvent for ECD because of the 
existence of the halide element and (2) because 
derivatization occurs in CH,Cl, solvent, phase- 
transfer catalysts (PTCs) are required to transfer 
the thiocyanate anion from the aqueous solution 
to the organic phase, thus making the procedure 
both complicated and time-consuming. 

In this report, we first present a novel proce- 
dure for derivative determination of thiocyanate 
by HPLC. Thiocyanate reacts with PFB - Br and 
acetone used as the solvent. After derivatization, 
the product in high yield and with high stability 
is applied to HPLC, and detected by UV detec- 
tion. The principal advantage of the approach 
lies in the fact that the derivative reaction takes 
place in a homogeneous phase, therefore no 
PTC is required. In addition, the selectivity of 
the procedure is better than that of previous 
methods. The method is comparatively easy to 
operate and suitable for microanalysis. At the 
end of this paper, the present method is utilized 
to analyse the waste water of an electroplate and 
saliva samples from regular smokers. 

EXPERIMENTAL 

Reagents 
Methanol, dichloromethane, acetone, acetoni- 

trile and potassium thiocyanate were obtained 
from the Chemical Reagent Company of Beijing, 
a-bromo-2,3,4,5,6-pentafluorobenzyl was pur- 
chased from Aldrich. All reagents used were 
analytical grade. Distilled and deionized water 
was used in the preparation of all solutions. 

Apparatus 
A Varian 5060 liquid chromatograph equipped 

with a UV-100 detector, a 3090A integrator, a 
Zorbax ODS analytical column (5 pm, 250 
mm X 4.6 mm) and a Spectra-Focus fast-scanning 
UV detector was used. 

Standard solution 
A solution of PFB - Br in dichloromethane (4 

pi/ml) and a solution of PFB - Br in acetone (7 
pi/ml) were stored in a refrigerator. Potassium 
thiocyanate standard solutions (0.1 mol/l) and 
hexadecyl trimethyl ammonium bromide 

(HDTMAB) solution (0.1 mol/l) were prepared 
by dissolving solid potassium thiocyanate and 
HDTMAB in water. 

CH2Cl, as derivative solvent 
A O.l-ml aliquot of 0.001 mol/l aqueous 

potassium hydroxide solution, 0.1 ml of standard 
solution of thiocyanate anion, 0.1 ml of 
HDTMAB solution and 0.5 ml of a solution of 
PFB * Br in dichloromethane were added in suc- 
cession to a 5-ml glass-stoppered test tube. The 
reaction mixture was shaken mechanically at 
30°C for 20 min. After reaction, 3 ml of water 
were added. The mixture was stirred, and then 
centrifuged at 3500 rpm for 10 min. 

Acetone as derivative solvent 
A O.l-ml aliquot of 0.001 mol/l aqueous 

potassium hydroxide solution, 0.1 ml of standard 
solution of thiocyanate anion and 0.5 ml of a 
solution of PFB - Br in acetone were added in 
succession to a 5-ml glass-stoppered test tube. 
The reaction mixture was shaken mechanically at 
30% for 20 min. 

Chromatographic conditions 
Chromatographic separation was carried out 

on an ODS column at 30°C. The mobile phase 
was MeOH-water (80:20), the flow-rate was 1.0 
ml/mm, and the UV detector was set at 254 nm 
(see Fig. 1A). 

Sample analysis 
A O.l-ml volume of waste water of an elec- 

troplate from Beijing Electroplate Plant and 0.1 
ml of saliva from a smoker who had been 
smoking for 20 years were derivatized and de- 
termined according to the method for standard 
solution (see Fig. 1B and C); acetone was used 
as derivative solvent. 

Recoveries 
Recoveries were determined by analysis of 

samples spiked with 290, 407 or 581 ng of 
potassium thiocyanate. 
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Fig. 1. Chromatogram of the standard solution and the 
samples. (a) Standard solution, (b) waste water of an elec- 
troplate, (c) saliva from a regular smoker. * = Derivative 
product. 

RESULTS AND DISCUSSION 

Optimization of derivative conditions 
When the concentration of thiocyanate anion 

was about 1.0. lo-* to 1.0. lo-* mol/l, the 
volume of neat PFB - Br required to ensure a 
constant formation of thiocyanate derivative was 
2 ~1 (see Fig. 2). 
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Fig. 2. Optimization of the amount of PFB . Br used in the 
derivatization. 
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Fig. 3. Optimization of the reaction time of the derivatiza- 
tion. 

Thiocyanate reacts rapidly with PFB - Br, re- 
quiring only 15 min to reach constant yield (see 
Fig. 3). A reaction time of 20 min was enough 
for practical use. The derivative product, which 
was stored at room temperature for a day or in a 
refrigerator for a week, was still stable (see Fig. 

4). 
When the temperature of the derivative reac- 

tion was set at 20°C 30°C or 40°C the derivative 
yields were almost unchanged. Thus 30°C was 
selected as the reaction temperature. 

When the concentration of potassium hydrox- 
ide was 1.0. 10e5 to 1.0 mol/l and the concen- 
tration of sulphuric acid 0.5 - 10m5 to 0.5 mol/l, 
the derivative yield of the reaction system 
studied was almost invariable (see Fig. 5). In our 
study 0.1 ml of 1.0*10-3 mol/l potassium hy- 
droxide was added to the system. The pH value 
is 8.3. 

When CH,Cl, is used as the derivative sol- 
vent, PTCs, such as HDTMAB, etc., are re- 
quired to transfer thiocyanate anion from water 
to the organic phase. This leads to a complicated 
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Fig. 4. Test of the stability of the derivative product stored in 
a refrigerator for a week. 
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dichloromethane using acetone as derivative 
solvent, the method is simpler and @ore selec- 
tive. From the results mentioned iibove, the 
present method is applicable to the determi- 
nation of thiocyanate in real samples. It may be 
useful for the determination of thiocyanate anion 
in biological and environmental specimens. 
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