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This study presents a flow injection system for the sequential
determination of free (CN™) and total (CN~ + HCN) cyanide
using a potentiometric method which employs two different pro-
cesses for the determination of these two chemical species. The first
process is based on direct detection of CN™ using an ion-selective
electrode for cyanide. In the second process, the sample is mixed
with acid, and the released HCN s transferred across a PTIE
membrane. The flow system employs three solenoid valves, a gas
diffusion chamber, an ion-selective electrode, a potentiometer, and
a compuler with an A|D conversion card. A Turbo Pascal®™
computer program automatically performs all the steps involved in
data acquisition and processing. The standard deviation for the
results obtained with the proposed method was 0.5%.

Introduction

Numerous works based on flow injection analysis (FIA)
have been published lately [1]. Many of them [2-4]
describe the use of loop-based injectors to introduce the
sample into the carrier stream. A common way ol chang-
ing the volume of the sample being introduced into the
flow system is to change the length of the sampling loop.
In other cases, three-way solenoid valves are used for
sample introduction, and the system is triggered either by
a built-in electronic circuit [5] or microcomputer [6].
Usually, in methods that employ manual injection,
signals coming from the detection system are sent directly
to a printer, generating a real-time diagram. In auto-
mated methods, a microcomputer recieves, processes and
records the signals.

Many projects have been developed to monitor cyanide
in waste waters [7]. One of the most commonly employed
techniques is direct potentiometry with an ion-selective
electrode (ISE) [8]. The classic method for determina-
tion of total cyanide in eflluents is distillation, to elim-
inate interference, followed by colorimetric detection.
This is an onerous method, since it requires expensive
reagents, as well as several hours of laboratory work.
Besides, it is used only for determination of low levels of
cyanide, and it has the additional disadvantage of not
being easily automated. Finally, this method does not
allow quantification of [ree cyanide in the original
sample.

To quantify [ree cyanide (CN7) and total cyanide
(HCN 4 CN7), it is necessary to employ a non-destruc-
tive technique for determination of free cyanide, and a

different technique for determination of total cyanide [9].
In this paper, we present an automated flow system
which is capable of sequentially determining both free
and total cyanide in aqueous samples. For the determi-
nation of free cyanide, we employ a technique of direct
flow injection with potentiometric detection through an
ion-selective electrode (potentiometric {low-through de-
tection). For determination of total cyanide, we employ
an acid-flow injection technique, followed by permeation
across a gas-diffusion membrane and posterior potentio-
metric detection (gas-diflusion flow injection potentio-
metry).

In the system being proposed, these two techniques are
implemented concurrently in a single flow system which
employs three three-way solenoid valves, a gas diflusion
chamber, an ion electrode for cyanide, and a reference
electrode. This system performs the sequential determi-
nation of free and total cyanide using two distinct
analytic curves.

Experimental procedure

Equipment

The analysis module consists of an Ismatec peristaltic
pump (model 7341-15, fixed speed), equipped with
Tygon® tubing with various internal diameters; poly-
ethylene tubing (i.d. =0.8 mm); three three-way solenoid
valves (Cole Parmer); an Orion potentiometer (model
720A); a reference double junction Ag/AgCl electrode
(Cole Parmer 5990-64); a cyanide-indicator (Orion 94-
06BN); cell for adaptation of the indicator electrode to
the flux system [10]; gas dilfusion chamber [11];
analogic/digital MQI12/8PCC conversion card (Micro-
quimica Ltda.); 486 DX2-66 microcomputer; and soft-
ware developed in Turbo Pascal 7.0%.

Solutions

All solutions were prepared with distilled or deionized
water. For the cyanide stock solution (1.0Xx
107 moldm™?), we weighed 0.65g KCN. This was
diluted in 50 ml water; 1 ml NaOH mol dm™2 was added,
and the volume was completed to 100ml. From this
solution, we prepared analytic solutions of 1.0 x 1072,
3.0x 107" 1.0x 107, 3.0x1073, and 1.0x 1072
moldm™3. The pH for these solutions was measured
daily, before the beginning of the experiments. pH
determination was carried out with a glass electrode
and a potentiometer with a 0.01 pH unit resolution.

The carrier solution was obtained by diluting the
1.0 x 107 CN~ analytic solution 100 times and by
adjusting the pH with NaOH to 11.5.
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Figure 1. Flow chart of the flow injection system. Sample line
(4), transporter line (Ta) and acid line (Ac). ‘B’ s the
potentiometric detector; C1 and C2 are the junctions, CD s the
gas diffusion chamber with a PTFE membrane; VI, V2 and V3
are three-way solenoid valves.

Description of the process

Figure 1 shows the flow chart for the determination of
free and total cyanide. In the process of free cyanide
determination, valves V2 and V3 are triggered simul-
taneously, so that the sample is directly injected into the
carrier stream. Triggering of valve V3 causes interrup-
tion of the carrier stream. Triggering of valve V2 causes
the sample to be introduced through junction Cl1. There-
fore, when valves V3 and V2 are triggered, a sample zone
is formed, whose volume depends on the triggering time
interval of valves V2 and V3.

For determination of total cyanide, only valve V1 is
triggered. The sample flows together with a sulphuric
acid solution through junction C2. This causes liberation
of HCON, which crosses a PTFE membrane in the gas
diffusion chamber (CD). After having crossed the mem-
brane, at the other side of the chamber, HCN is
converted into CN~ by the carrier solution (NaOH
solution). The newly formed CN™ is determined by the
same electrode in both processes.

To quantify the two species of cyanide in a sample, it is
necessary to produce two distinct analytic curves, one for
the determination of free cyanide, and the other for
determination of total cyanide.

Automation process

The electric circuit is described in figure 2. A micro-
computer sends control signals to the computer parallel
interface. These signals are recieved by a home-made
power drive (figure 3), which basically consists of a built-
in power source and a ULN2004 integrated circuit. This
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Figure 2. Computed system for control of solenoid valves and
reading of A|D conversion card.
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Figure 3. Power drive and source for (riggering the solenoid
valves. The figure shows the 670 resistor (R); a common
LED (L); solenoid valves (Vs).
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Figure 4. Algorithm flow chart of the control software, data
recording and treatment.

drive triggers the solenoid valves (Vs). The signals
coming from the electrode system are read by the
potentiometer and sent to the analogic/digital conversion
card, and then acquired by the software. At the same
time, a data file is created and the diagram appears in the
computer screen in real time.

The program to control triggering of the valves, data
acquisition and mathematical treatment of the data was
developed in Turbo Pascal® 7.0 [6], as shown in the flow
chart presented in figure 4. The basic reading and
conversion routine performed by the AD card was devel-
oped in Assembler, and allows up to 20 000 readings per
second. The time interval for valve opening can vary
from 1 msec to 1 min. Throughout the experiment, after
each reading, the converted value appears in the com-
puter screen, and the final recording of all values appears
as a diagram. Two data files (ASCII), one containing the
diagram, and another containing the maximum values
for each injection, are stored in the computer disk for
later mathematical treatment.
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System performance assessment

To assess system performance, we determined free
cyanide, and HCN in synthetic samples, with different
pH values and with the same total cyanide concentra-
tion, which was fixed as 10~* mol dm™3. The different pH
values were used to produce a variation in the ratio
between CN~ and HCN concentrations. For that, we
considered the HCN pK, in an aqueous solution
(pK, =9.14). The pH wvalues necessary to obtain
[CNT]/[HCN] rates equal to 1/100, 1/10 and 10/1 were
calculated using equation (1):

pH = pK, + log [CN"]/[HCN] (1)

The calculations revealed that

pH(1/100) = 7.14;
pH(l/IO) = 8.14 and pH(IO/l) = 10.14.

These same samples were submitted to determination
using our proposed method and the traditional potentio-
metric method, so that results could be compared. HCN
concentration was indirectly determined in both
methods, since this value was obtained from the differ-
ence between total cyanide concentration and CN~
concentration.

To compare the precision of the two methods, all deter-
minations were replicated six times.

To perform the determination of the two species, HCN
and CN~, using the method proposed herein, we used
three consecutive injections. The potential value taken
into consideration was obtained from the average among
the three resulting peaks. The injections performed in
triplicate were also used to plot the two analytic curves.

Results and discussion

Baseline stability and injection reproducibility are shown
in figure 5, which represents the diagrams for potential
versus time for the two processes carried out in the
proposed method. After statistical evaluation, we
obtained the following functions in relation to the
analytic curve for processes 1 and 2, respectively:
¥, =687.897+59.077 X;; and %,=615.465+51.595
Xo. These curves had a good linearity, confirmed by
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Figure 5. Diagrams of the two processes, obtained with five
standard solutions and injections performed in triplicate.

their respective correlattion coefficients 7} =0.998 and
79 =0.996.

The lower detection limit was approximately 1.0 X
10~> moldm™ for both processes. The injection system
described in figure 1 presents a high level of stability and
repeatability of the measurements, and can be applied for
cyanide determination of industrial waste waters. Tables
1-3 show the results obtained in the experiments per-
formed for assessment of equipment performance.

The comparison between CN~ and HCN concentrations
as determined by the two methods reveals good agree-
ment in terms of the results for the three rates under study
(tables 1-3). The percentile difference between these two
methods can be seen in the last column of tables 1-3. For
the three rates there was positive deviation in relation to
CN~ concentration, and negative deviation in relation to
HCN concentration.

However, this deviation is not very significant, since, with
the exception of HCN determination using the 10/1 rate,
the deviation values are smaller than the standard devi-
ation of the results. This suggests that the proposed
method has a high degree of precision in comparison to

Table 1. CN~ and HCN concentrations at an approximate rate of 1/100 (pH=7), determined with the traditional potentiometric method

and with the proposed method (replicated six times for each method).

Chemical Stationary method Proposed method % Difference
species (mol a’m"s) % SD (mol dm_a) % SD between methods
CN™ (1.5+0.01)107° 0.7 (1.58 +0.02)10~° 1.3 +0.764
HCN (98.4 +0.5)107° 0.51 (98.4 +0.5)10~° 0.5 ~0.012

Table 2. CN~ and HCN concentrations at an approximate rate of 1/10 (pH =8), determined with the traditional potentiometric method

and with the proposed method (replicated six times for each method).

Chemical Stationary method Proposed method % Difference
species (mol dm™>) % SD (mol dm™®) % SD between methods
CN~ (1.13 £0.01)107° 0.9 (1.15£0.05)107° 2.3 +1.769
HCN (8.87 +0.04)107° 0.45 (8.85+0.09)10° 1.0 —0.225
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Table 3. CN~ and HCN concentrations at an approximate rate of 10/1 ( pH = 10), determined with the traditional potentiometric method

and with the proposed method (replicated six times for each method).

Chemical Stationary method Proposed met/wa’ % Difference
species (mol dm™) % SD (mol dm™>) % SD between methods
CN™ (9.10 £ 0.04)107° 0.4 (9.12 £0.08) 10"i 0.8 +0.219
HCN (0.90 £0.01)107° 1.1 (0.88 +£0.01)107° 1.1 —2.444
the stationary method. Data analysis using the ¢-test Acknowledgment

resulted in a 95% confidence level.

Conclusions

The main characteristic of the analytical procedure being
proposed here is operational simplicity, since the sensor
used for detection consists merely of a cyanide-indicator
electrode.

The system responds efficiently and quickly, has a good
level of repeatability (r.s.d.<0.5%, n=6), allows per-
formance of 60 measurements per hour, and has good
baseline stability (£1mV). Also, our method is not
significantly influenced by temperature; there is no
need to temperature control if it does not vary signiﬁ-
cantly during measurements. The res esponse hnegr range is
wide (from 1.0 x 10™° to 1.0 x 107? moldm™3), with a
lower detection limit of 8.0 x 107® moldm™%. The com-
puter program necessary for data aquisition and data
treatment can be obtained from the authors. These
include source code write in Turbo Pascal 7.0 and
executable codes for use with IBM-compatible com-
puters.

The authors wish to thank the CAPES and FINEP for
financial support.
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