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Determination of cyanides and thiocyanates in water as cyanogen 
bromide by headspace gas chromatography 
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In 1973 Nota and Palombari’ proposed a gas chromatographic procedure for 
the determination of cyanide and thiocyanate that was much simpler, more sensitive 
and subject to fewer interferences than previous commonly used methods’*. We 
found that this method can he improved with respect to sensitivity and reproducibili- 
ty and can also be automated by using the headspace technique- 

The procedure is based on the prior conversion of CN- and/or SCN- into 
cyanogen bromide (BrCN) by treating the samp!e with bromine, according to tke 
reactions 

CN- f- B-r, --* BrCN -t Br- 
SCN- •t 4Br, f 4&O 3 BrCN f SO;- f 7Br- + 8H’ 

The BrCN is separated from the aqueous sample by the headspace technique, ana- 
lysed by gas-solid chromatography and selectively detected by an electron-capture 
detector. 

EXPERIMENTAL 

Potassium cyanide, potassium thiocyanate, 85 % orthophosphoric acid, 40% 
formaldehyde and phenol were obtained from Carlo Erba (Milan, Italy); bromine 
water was prepared as a saturated solution of bromine (Carlo Erba) in distilled water. 

Gas chromarogsapk 
A Perk&Elmer F42 gas chromatograpk equipped with a headspace device and 

a nickel-63 electron-capture detector was used The column (2 m x 0.3 cm I.D.) was 
made of borosilicate glass and packed witk Porapak Q (80-100 mesh), supplied by 
Waters A.ssoc_ (Milford, MIA, U_S.A_)_ Ni$rogen was used as the carrier gas at a flow- 
rate of 50 ml/min_ The injector and detector temperatures were 130 and 15O”C, 
respectively, and the ovesx temperature was 120°C The headspace conditions were as 
follows: needle temperature, 100°C; flusking of sampling CaprtIary, 15 set; pressuri- 
zation of sample vial, 60 set; sample withdrawal from headspace, 3 set; 20-ml vials 
thermostated at 70°C for IO tin were used. Under these conditions the retention time 
ofBrCNwas2min. 
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Anazysis of CN- or SC-N- 
A S&ml volume of an aqueous sample containing between 0.005 and O_ 1 ppm 

of CN- or SCN-, 2 drops of 85 % orthophosphoric acid (to give a pH of 2) and 2 
drops of bromine water (to obtain a persistent yellow colour) are introduced into a 20 
ml vi&; the excess of bromine is removed after 5 min by the addition of two drops of 
5% phenol solution. The vial is closed with a PTFE phxg (rubber must be avoided) 
and the sample is then analysed under the conditions given above. 

Ad”.sik of SCN- in the presence qf CN- 
Two procedures are suggested for eliminating the interference of CN-. 
Removuiof CN- by heating. A 50.~ml volume of the sample, to which 1 ml of 

85% orthophosphoric acid has been added, is boiled for 20 min in a beaker. After 
cooling, distilied water is added to the XI-ml mark; a S-O-ml volume of this solution is 
treated as described in the previous section. 

Treatment of the szzmpie with formahiehyde. To 4.00 ml of sample in a IO-ml 
flask, 02 ml of phosphate buffer (pH 7) and 0.1 ml of 4.0 7: (w/v) formaidehyde are 
added. After 5 min, OS ml of 85% orthophosphoric acid and bromine water arc 
added dropwise until a persistent yehow colour is formed. The solution is ahowed to 
stand for 15 mm (it must still be yellow), then the excess of bromine is removed by the 
addition of 0.5 ml of 5% phenol solution. The solution is diluted to 10 ml with 
distilled water and 5.0 ml are introduced into a 20-ml headspace vial and analysed as 
described above. 

And'jwk of CN- irt the presence of SCN- 
_b ahquot of the sample is used for the determination of the total amount of 

CN- and SCN-, as described under Analysis of CN- or SCN-. Another ahquot is 
used for the determination of SCN- as described under AnaZysfi of SCN- in the 
preserrce of CN-. The concentration of CN- is obtained by difference. 

Caiibrtrtion graphs 
Calibration graphs for both CN- and SCN- can be obtained by diluting 

solutions ccn*&ning known concentrations of SCN- according to the method de- 
scriW above and plotting peak height against concentration. 

RESUi3-S AND DISCtiSSION 

The chromatogram in Fig 1 shows that BrCN gives a symmetrical peak, so the 
peak height can conveniently be us&i instead of peak area in the calculation_ Under 
our experimental conditions; the peak height is proportional to the concentration of 
CN:-or SCNT in the concentmtion range 0.005-0.1 ppm (Fig. 2). 

Table.1 gives some results for-a series of measurements of CN-. 
For the determinatio;n of SCN- in-the presence of CN- it is suflicient to boil 

the sample for 20 min, after a&difying at pH 2, in order to -remove CN- completely. 
No-loss ofSCN~ was-observed because of the heating. Similar results were obtained 
by adopting-the procedure that involves the use ~of- formaldehyde_ -The response of 
BrCN+does not vzry appreciably when voiumes ofsoiutionr, between 3 and 10 ml are 
din the heads& vial, Table II shows the effect of the salt concentration on the 
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Fig. 1. Gs. ckromatogram of BrCN obtained from an aqueous cyanide solution (0.05 ppm). 
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Fig_ 2. Calibration graph for BrCN obtzined from a standard aqueous solution of thiocyanate. 

TABLE I 

RESULTS OF SOME T’E2X MEASUREMENTS 

Amount of CN- 

fPP=) 

0.05 

OS 

No. of Am-uge peak Sm&rd Re.GUive 
frwas!mienree height (an) &V&lliiXl stan&rd de- 

(an) viarion (%) 

4 5.85 0.10 1.7 
4 9-4 QI 1.1 



_w-- -- -- _?4cYre& 

Gponse ofBrCN_ T5e matrix effect can beavoided by making us2 of&e method of- 
standard additions, as illustrated by the results in Tabie IZI and Fig. 3 for a solu&n 
contaifkg 0.06 ppm of m-. 

The use of headspace technique iz the determination of CX- and/ok SCN’ as 
BrCN aifows better reproducibility and sensitivity, avoiding extraction procedures’. 
and internal standa&zation5_ Moreover, sampling into the cbromatographic column 
of volatile fractions only improves the stability of the standing tour rent and inm_ 
the column life, 

0.05 0 10.0 0 
O-05 10 10.8 8 
a05 30 11.6 16 

TABLEiLI 

ShiNDARD ADDFFIONS METEIOD APPLIED TO A O_odppm CN- SAMPE 

Ahpot No. 

I 
7 
3- 
4 
5 

Atmimt of CN- sample dme CN- &d Peak heighf 
IJ- (Kd (ml) tP.4 (nnl 

030 530 040 5.0 
0.30 5.00 0.20 82 
OK0 5.00 0.40 If.4 
030 5_OO 0.50 z2s 
e3O 5_OO 0.60 14.5 




