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요 약. 수은방울전극에서 바로 시안이온을 시차펄스음극벗김 전압전류 법으로 측정한 결과 검출 

한계를 낮출수가 있었다. 가장 알맞는 실험조건은 다음과 같다 : O.LMKCI-O.OIM인산염 지지전해질, 

pH 7, 석 출전위 0.00V, 그리 고 석 출시 간 3 분이 었다. 이 조건에 서 검 출한계 는 3X10-7M(8ppb) CN~ 
이 다.

ABSTRACT. Direct differential-pulse cathodic stripping voltammetry on mercury electrode 
(HMDE) provides a sensitive technique for low level cyanide measurement in distilled and sulfide 
free solution. Cyclic voltammetry revealed the forming and redissolution reactions were reversible 
at pH7 in 0.1MKC1-0.01 M phosphate supporting electrolyte. The analytical conditions have been 
optimized. With deposition time of 3 min at deposition potential 0.00V (vs. Ag/AgCl) in this 
medium of pH7, quite reproducible and linear calibration curve was obtained down to 3X10-7A/ 
(8ppb) CN- which was the detection limit.

INTRODUCTION

The toxic effect of even low concentrations 
of cyanide on aquatic life, man and on the 
biota of wastewater treatment is well established1. 
The increasing need for the determination of 
trace amount cyanide therefore is associated 
with many practical applications.

Because cyanide is vulnerable to various 
interfering substances, it is common practice 
that actual measurement is carried out in the 
alkaline distillate subsequent to preliminary 
treatment including distillation, in which step

the loss of cyanide is inevitable2,3. As a result, 
the detection limit becomes an important factor, 
especially when its concentration in the original 
sample is very low. Detection limits of all 
methods available that will determine low levels 
of cyanide in solution are no less than 10~6M. 
For example, 1. 3X10-6-A/ in spectrophotometric 
method (pyridine-pyrazoline) that recommended 
in "Standard Methods"2,4, 10~5Af in ion-selective 
electrode5-6, 5 X and 4X 10~6Af in de7 and
differential pulse8 polaroghaphy respectively.

Cathodic stripping voltammetry (CSV) is used 
to determine a wide range of organic and
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inorganic compounds that form insoluble salts 
with the electrode material9. Anions such as 
halide, sulfide, and oxyanions, can be determ
ined by CSV10. These determinations are based 
on the reactions of the anions with the electro
generated mercurous ion to form a partially 
insoluble mercurous film that can be preconcen
trated on the mercury electrode surface. The 
sensitivity of the method is largely defined by 
the film solubilily. The minimum detectable 
concentration (which can be determined with 

error not exceeding 20%) of Cl- (p-^Sp,Hg2c]2= 
17.88)is 5X10-6M, and that of B广(pK% 
=22.24) is IX 10-6Af(the deposition time was 
10 to 20min)10. Perchard et al11 and Propst12 
uesd CSV to measure I~(pK$p=28. 35)at the 
ppb concentration level. The low solubility of 
mercurous cyanide, Hg2(CN)2 (pK§p=39・3) 
su용gests that CSV of CN- on mercury electrode 
would provide a very sensitive alternative to 
the existing methods.

This paper discusses a new CSV method to 
measure cyanide at the ppb concentration level 
after the distllation step. It is based on the 
formation of a insoluble mercury cyanide salt 
during the preconcentration step, and the deposit 
is stripped off and measured during a cathodic 
(negative-going) potential scan.

EXPERIMENTAL

All purchased reagent-grade chemicals were 
used without further purification. KCN, KC1, 
NaH2PO4-H2O, and borax were obtained from 
E. Merck AG, (Germany). All other reagents 
were obtained from Shinyo Pure Chem. Co. 
(Japan). The water used for dilution and for 
the standards was deionized and double distilled 
in quartz material. Oxygen was removed from 
the electrochemical cell by purging with pre- 
uprified nitrogen saturated with water vapor. 
Mercury used in the hanging mercury drop 
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electrod (HMDE) was triply distilled.
An EG&G Princeton Applied Research Pola- 

rographic Analyzer (Model 264) and a Scanning 
Potentiostat (Model 362), equipped with a PAR 
Model 303 static mercury drop electrode and a 
PAR Model 305 stirrer were used to record all 
voltammograms on a Model RE 0088 X-Y 
recorder.

Deposition was achieved by using a slow 
(AUTO) stirring rate and a medium size drop 
with a surface area of 0.00156cm2. Having a 
rest period of 30 sec after deposition, the cat
hodic redissolution procedure was initiated. The 
scan rate was 10mV/sec in DP (differential pulse) 
mode, the pulse amplitude was 50 mV, and drop 
time was 0- 5 sec. Ambient temperature of(20 
±2°C) was used thr이!횸h이itout.

RESULTS AND DISCUSSION

Cyclic Voltammetry. Cyclic voltammetry as 
a preliminary experiment was carried out at 
various pHs and buffer media to determine the 
optimal conditions for analytical purposes. Fig. 1 
shows typical cyclic voltammograms of cyanide 
in 0.1 AfKCl-0- 01 M phosphate buffer at two 
pHs. This result indicates that both, cathodic 
and anodic, peak potentials shifted in the neg
ative directions as the pH increased (46mV/pH 
unit). It was found that the ratio of peak cur
rents (Zpc//pc) equaled to nearly unity (1.1 at 
pH 7； 0.91 at pH 10), whereas the separations 
of peak potentials, JEp(=Epa—Epc) are 60mV 
at pH 7 and 70mV at pH 10. Cathodic (reduction) 
peak current decreased by 13% as the pH was 
changed from 7 to 10. These res비ts of diagn
ostic test show that the electrochemical reaction 
in which cyanide is involved is a nernstian 
reaction at pH 7, but the reversibility decreases 
as the pH increases13. Therefore, it is evident 
that the cathodic peak current, which is obtained 
when the potential of a HMDE, having a ins-
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Fig. 1. Cyclic voltammograms of cyanide ion (3X 
10-4Af) in 0.1M KC1—0. 01 M phosphate electrolyte 
at: A, pH=7. 아 B, pH=10- O-

이uble mercury film is scanned by CSV, will be 
significantly improved in sensitivity by applica
tion of the differential modulation. Thus sensi
tivity of a method would be increased by di任- 

erential pulse CSV (DPCSV) at relatively lower 
pH, 7, with compared to conventional one, 
where the pHs are commonly above 9.

Effects of Buffer Media and pH on DPCSV. 
DPCSV measurements were made at various 
pHs of two supporting electrolyte-buffer media. 
To ensure that loss of cyanide as volatile HCN 
be minized during any running, the measurement 
at pH below 7 was avoided. It was found that 
at pH above 10 the cyanide peak was seriously 
hampered by the hydroxide peak. Fig. 2 shows 
that phosphate buffer media is superior to borate 
at lower pH, but the sensitivity is reversed at 
pH higher than 8.5, where the conventional 
anodic polarographic measurements have been 
made7. With KCl-pkosphate supporting electr
olyte, the greatest peak current Was obtained 
at pH 7 as suggested in the cyclic v시tammetric 
test (0.29"A/“M CN_). The peak potential
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Fig. 2. Peak current (A) and peak potential (O) of 
DPCSV of CN~ (4X10-6Af) as a fucntion of the pH 
in A(—), KCl-phosphate; B(…)，KCl-borate. The 
deposition time was 3 min at 0. 00V.

shifted strongly (more than 50mV/pH unit) in 
a more negative direction as the pH increased 
up to 9. Above pH 9, however, the potential 
shift slows down and the peak current tends to 
increase again (see curves A's in Fig. 2). The 
behavior of this peak potential dependance 
on pH can be easily derived from the express
ions

与=Ei/2一晋=力+勞ln〔Hg22+〕o

. RT » 长皿电?©。*

23 (CNJo2

=;―罕ln〔CN〕o

="'一礬 ln(Ka 惴+») ⑴

in which the subscript zero denotes the conce
ntration at the interface of mercury and solution, 
and Ka is the acid dissociation constant of 
hydrocyanic acid (5. OX IO-10). The peak poten
tials at total concentration of cyanide 4. OX 10-6 
M calculated with the aid of equation (1) agreed 
well with the observed values as shown by the 
following data： at pH 7, Ep (而d. = —0・140, 
(calcd. — 0.137) ； at pH 8, E# 시部. = 一 0・ 192, 
(calcd. — 0.195) ； at pH 9, Ep 사虹 = —0.245,
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(calcd. — 0- 245) ； at pH 10, Ep(顿.=—0・260, 

(calcd. —0.268).
All the results obtained so far indicate that 

the involved reaction is given by Hg2(CN)2+2e 
=2Hg+2CN~ at smaller cyanide concentrations 
and lower pH, in contrast with the electrode 
process in dilute NaOH (0.01 to 0- 1M) and 5 

X 10-4Af CN~ where Hg(CN)2 is involved14.
Effects of deposition time and potential. 

The reduction current was measured as a func
tion of the deposition potential (Ej) and depos
ition time (t(i) at pH 7 in 0.1 M KC1-0.01 M 
KC1-0.01M phosphate media. The optimal 
deposition potential, after deposition for 3min, 
is found to be 0.00V as shown in Fig. 3. At 
more positive potential, current due to dissolu
tion of mercury electrode itself interfered. With 
other deposition time the results were the same.

Fig. 4 shows the effect of various deposition 
times at 耳=0. 00V. The maximum peak current 
was obtained after three min deposition with 
4X10~6Af CN~. Sharp decreases in the peak 
current with short or longer than 3 min indicates 
that this factor is very critical. With more 
dilute cyanide solution(5X10-7A/), it was found 
that the peak current did not proportianal to td, 
but gave also maximum current after a deposition 
period of 3 min. This kind of nonlinearity in 
deposition efficiency (charge Q in ^Coul vs. C 
頃 where C is concentration), probably caused 
by the interfacial complications due to a variety 
of the insoluble-film forming species, is not 
unusual phenomena described elsewhere10. Neg
lecting the formation of Hg(CN)m and Hg 
(CN), 42'15 the formations of Hg(OH) 2, Hg2- 
(OH) 2, and HgzHPQ may be considered as such 
competitors when the activity of cyanide ion is 
very low. Fig. 5 suggests that these competing 
species can not be reduced at the potential where 
the main species is reduced.

An abrupt drop to a blank level of the peak

0.00 0.05 0.10 0.20
DEPOSITION POTENTIAL/V

Fig. 3. Effect of deposition potential on the peak 
current of 4X10-6M cyanide ion in 0.1M KC1-0.01M 
phosphate medium of pH 7. The deposition time was 
3 min.
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Fig. 4. Effect o£ the deposition time on the stripping 
peak current of CN-. The deposition potential was 
0. 00V. Other conditions as in Fig. 3.

current (see Fig. 5) at concentration under 3X 
10-7Af CN~ verifies this account.

CONCLUSION

Nevertheless these interfacial complications, 
low level cyanide can be determined by direct
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Fig. 5. DPCSV-grams of cyanide with varying conc
entrations (M) :a, 1.5X10-7； b, 3.0X10-7； Cj 7. ox 
10-7； d, 9. OX 10~7； e, 1. 9X 10~6. Other conditions 
as in Fig. 3. Noticeable jurrent drop from (b) to (a) 
at half concentration indicates 3X 10~7 (b) is not 
detection limit, strictly speaking.

Fig. 6. Calibration graph by DPCSV peak current 
meassurement. Other condition as in Fig. 3 and 4.

CSV on HMDE under the proper conditions. 
Fig. 6 shows a reproducible and linear calibration 
curve which can be used with confidence for 
concentration level down to 1Q~7M CN- or lower 
if a standard addition method is employed. The 

optimal conditions are： E】=0.00V,如=3min 
in 0- lAf KC1-Q. 01 M phosphate supporting elec
trolyte of pH 7-

With this direct DPCSV, the detection limit 
was 3X 10-7Af (8ppb) CN~, an order of magnitude 
lower than any of the existing electroanalytical 
techniques. It is remarkable that this overall 
detection limit is not described by signal-to- 
noise ratio parlance but is governed by the 
deposited quantity of involved species in the 
collecting step.
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