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Determination of Cyanide with 4-Pyridinecarboxylic acid
and 1,3-Dimethylbarbituric acid Using Simplified
Three-channel Flow Injection Analysis

Shigeko Ozaki and Eiko Nakamura

Graduate School of Environment and Information Sciences, Yokohama National University,
79-7 Tokiwadai, Hodogaya-ku, Yokohama 240-8501, Japan.

A flow injection method for cyanide determination was studied using a compact manifold, which is an all-in-one pump, injector,
thermostat and detector. It is based on Konig reaction of CICN with 4-pyridinecarboxylic acid and 1,3-dimethylbarbituric acid to give
blue compound. The absorbance was measured at 605 nm. The chemical factors and FIA variables influencing color development
were examined. The constant and maximum absorbance was obtained at a flow rate of 0.76 mL min™ and a reaction temperature of
50°C, when 0.3 M phosphate buffer solution of pH 6 containing chloramine T (0.1 g L) and 4-pyridinecarboxylic acid (0.1 M) —
1,3-dimethylbarbituric acid (0.05 M) mixed solution were used as reagent solutions. Under optimum conditions, with 100 pL sample
injection the calibration graph was linear from 0 to 500 ng mL™ of cyanide. The relative standard deviation was 2 % (n = 10) at the
100 ng mL ! level. The detection limit and determination limit were 1.5 ng mL™ (3c) and 5 ng mL™ (10c), respectively. The
sampling rate was 20 h™'. The proposed method enable to determine cyanide at even lower levels (< 50 ng mL™) in a shorter
measurement time. This method could be applied to aqueous samples such as the extracts from soil.
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Fig. 1 Flow diagram for cyanide determination

CS: H,0; RS1: chloramine T (0.1 g L) in KH,PO,-Na,HPO, solution
(pH 6.0); RS2: 4-pyridinecarboxylic acid (0.1 M)-1,3-dimethylbarbituric
acid (0.05M) mixed solution; P: peristaltic pump (0.76 mL min™); S:
sample (100uL); V: six-port injection valve; RC1: reaction coil 1 (0.5
mm i.d. x 2 m); RC2: reaction coil 2 (0.5 mm i.d. x 3 m); TC:
thermostatic chamber (50°C); D: photometric detector (605 nm); W:
waste
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Fig. 2 Effect of flow rate

CN: 200 ng mL™; CS: H,0; RS1: chloramine T (0.1 g L% in
(CH,COOH),-NaOH solution (pH4.3); RS2: 4-pyridinecarboxylic acid
(0.1M)-1,3-dimethylbarbituric  acid (0.1 M) mixed solution;
Temperature: 60°C; RC1: 2 m; RC2: 3m
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Fig. 3 Effect of reaction temperature

CN: 200 ng mL? CS: H,O; RS1: chloramine T (0.1 g L™ in
(CH,COOH),-NaOH solution (pH4.3); RS2: 4-pyridinecarboxylic acid
(0.1M)-1,3-dimethylbarbituric acid (0.1 M) mixed solution; P: 0.76 mL
min™; RC1: 2 m; RC2: 3m
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Fig. 4 Effect of buffer solution pH

CN: 100 ng mL™* CS: H,0; RS1: chloramine T (0.1 g LY in
H3PO,-NaOH solution; RS2: 4-pyridinecarboxylic acid (0.1M)-1,3-
dimethylbarbituric acid (0.1 M) mixed solution; Temperature: 50°C; P:
0.76 mL min™; RC1: 2m; RC2: 3 m
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Fig. 5 Effect of 1,3-dimethylbarbituric acid concentration in
RS2

CN: 100 ng mL™*; CS: H,0; RS1: chloramine T (0.1 g L% in
KH,PO,-Na,HPO, solution (pH 6); RS2: 4-pyridinecarboxylic acid (0.1
M)-1,3-dimethylbarbituric acid mixed solution; Temperature: 50°C; P:
0.76 mL min™; RC1: 2 m; RC2: 3 m
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Fig. 6 Calibration curve for cyanide determination in the range of 0-50 ng mL™ (left) and typical flow signals (right)
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Table 1 Results for recovery test using the water extract from
soils

SHUD R R

Samplea) Spiked CN° Found CN" Recovery,
/ng / ng %

Kanto loam 0.00 n. d. -
0.25 0.252 101
1.00 1.04 104
5.00 4.89 98

Andosol 0.00 n.d. —
0.25 0.237 95
1.00 0.98 98
5.00 4.68 94

a) taken at Yokohama National University
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