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Table 1. Summary of Analytical Curves of N-methylcarbamates

carbamates slape? R square? LODpg)
Sevind 0.98 0.9665 130
Carbefuran¢ 4.96 .9885 300f
Baygon# 0.95 0.9962 140

#Slope from the analytical curves. *Correlation coefficients. ¢Limits
of detection. 41-Naphthyl-N-methylcarbamate. ¢2,3- Dihydro-2,2-
dimethyl-7-benzofuranyl-N-methylcarbamate. fThe original sam-
ple assay was shown as 75%. £2-Isopropoxyphenyl-N-methylcar-
bamate.

In this study, we propose another micro-determination
method of N-methyl carbamates which is simpler and more
sensitive than the conventional fluorimetric determination of
the post-column derivatives with OPA (o-phthalaldehyde)™.
The presence of other carbamates such as N,N-dimethylcar-
bamates certainly will interfere the measurement but the
quantification of N-methy! carbamate can be made without
any problem because they exhibit different retention beha-
vior®. The main limitation of this method is no capability of
differentiating N-methyl carbarnates in the mixture. Only
the total amount will be provided.
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The electrochemical behavior of cadmium(Ii) in tartrate solution has been studied over the pH range of 6 to 13.6 in order to
explain the phenomena of the changes in limiting current depending-on the pH. The polarographic limiting current showed a
constant value up to pH of 7.8, after which it decreased sharply to show a minimum at pH between 11 and 12, The limiting
current, then, increased again with increasing pH. The number of peaks in cyclic voltammogram was 1 to 3 depending on the
pH of the solution. Two other voltammetric peaks could be observed when the main reduction peak diminished. The de-
crease of limiting current at 7.5<pH<9 was explained as the formation of complex Cd(C{H30¢)~. The increase of limiting
current at strong alkaline solution, however, was due to the complex Cd(Tart){OH),*.

Introduction

Lingane! first reported the limiting current obtained dur-
ing the reduction of cadmium in basic tartrate supporting
electrolyte was unusually small. Koh? observed that the
limiting current and half-wave potential were constant up to

PH 7.8, then the limiting current decreased sharply when pH
was greater than 7.8 and the half-wave potential shifted to
more negative potential as the pH exceeded 8.2. The limit-
ing current was minimum at pH 11.2-11.4, then the current
increased as pH was raised. He suggested that the process
responsible for the decrease of the current in the pH between
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Table 1. Analytical Results of Solid Precipitates and Possible Molar Composition

Molar Composition

ppt # pH* wt % of
Cd(In {Cd2+]){Tart2) [Cd2+]{OH") [Cd2+]{Tart2-}{OH"]
1 5.6 54.6 1.6:1
2 7.8 42.3 1.0:1
3 12 74 371 1:2.3
4 13 82 6.0:1 1:1.5
5 13.6 20.7 0.35:1 6.7:1 1:2:2
*pH of the solution from which the precipitate was obtained.

8 and 11 was
2 Cd{Tart}+ 20H" === Cd{Tart),({OH),*

where (Tart) was tartrate anion. His explanation was rea-
sonable when H was around 10, but the sharp decrease of
current at the range of pH 7.5-9 couid not be explained. The
increase of current in strong alkaline solution also was not
possible to explain.

It has been known that the tartrate ion forms very stable
complexes with metal ions and both the carboxylic and the
alcoholic hydroxyl groups take part in complex formation in
alkaline solution®.

In the present work, the polarographic behavior of cad-
mium(IT) and pH titration were studied at various concentra-
tions of tartrate and hydroxide ions to explain the pheno-
menon of the variation of the limiting current with the
change of pH.

Experimental

Reagents and Polarography. Cd(II) solution was
prepared by dissolving cadmium metal(>99.99%, Fluka AG)
tn nitric acid. All experiments were carried out in a
double-walled glass cell maintained at 25+ 0.2°C. An EG &
G Princeton Applied Research model 173 potentiostat with a
meodel 175 universal programer and a Watanabe X-Y recor-
der were used for polarographic measurement.

The HMDE(Hanging Mercury Drop Electrode) experi-
ments were performed with EG&G PAR model 174A Polaro-
graphic’ Analyzer and model 303 SMDE(Static Mercury Drop
Electrode}). Ag/Ag(l electrode was mainly used as a
reference electrode, and all the potential values were
reported against this reference electrode.

pH Titration. Chemtrix type 60A pH meter was used for
pH titration, Carbonate-free sodium hydroxide solution was
prepared and standardized by potentiometric titration
against potassium biphthalate.

Potentiometric titration of sodium tartrate(Na{Tart)} with
sodium hydroxide solution in the absence and presence of
cadmium(II} ion was performed. The range of tartrate con-
centration was from .06 M to 1.5 M and the solutions were
kept at an ionic strength of 2.00 with potassium nitrate.

Preparation of Complexes in Solid Form. The follow-
ing solid precipitates were prepared at different experimen-
tal condition.

The precipitate one (ppt. 1) was obtained by mixing solu-
tions (original mixture) of 25 m/ of 1 M Cd{II) and 25 m/ of
2 M sodium tartrate.

Sodium hydroxide of the same equivalent as cadmium(II)
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Figure 1. Plots of limiting current at different pH; A: 0.15 M Na;
Tart with different concentration of Cd{I), a; 0.42 mM, b; 2.1mM.
B: [Cd(II))=0.42mM with different concentration of Na,Tart, a;
0.06M, b; 0.12M, ¢; 0.75M.

was added to the above original mixture(pH of the solution
became 7.8). The precipitate obtained when the soiution was
evaporated to one forth of the inittal volume by boiling was
designated as ppt. 2. The precipitate was filtered while it was
hot.

Sodium hydroxide of twice as much as cadmium(II) was
added to the original mixture (pH of the solution became
12.0). The media became syrup-like solution and the obtain-
ed precipitate was assigned as ppt. 3.

The ppt. 4 was obtained by adding four equivalent of
sodium hydroxide to Cd(II) to the original mixture. The pH
of the solution was 13.

The ppt. 5 was prepared by adding sodium hydroxide to
the solution of Cd:Tart = 1:10 until pH became 13.6.

All the precipitates were dissolved in 1M HCI solution
and analyzed for cadmium by polarography. The analyzed
data are given at Table 1. The concentration ratio of hydrox-
ide and tartrate was calculated from the remainder subtrac-
ting weight percent of cadmium,

Results and Discussion

Polarography. The polarographic limiting currents
measured at different pHs are shown in Figure 1. One of
which(A) shows the effect of cadmium(II) concentration at
one tartrate concentration and the other{B) also shows the ef-
fect of the tartrate concentration at a fixed cadmium concen-
tration. From these figures, the limiting current decreased
more rapidly when the concentration of tartrate was low.
Also it showed that the range of pH where the limiting cur-
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Figure 2. Effect of cadmium concentration on limiting current. A:
0.15M NajTart, B: 0.75M Na,Tart.
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Figure 3. Variation of diffusion current constant by concentration
ratio of tartrate to cadmium at pH 11.5.

rent was unusually low was getting narrower when the
concentration ratio of tartrate to cadmium increased.

Complex formation between cadmium and nitrate was
reported negligible in the concentration range studied*®. So
the complexation between cadmium and tartrate was the
main concern in this study. The diffusion current constants
of CA(ID) in 0.15M tartrate solution were calculated to be 2.80
cm/(sec)” at pH 6.0, and 2.6 cm/(sec)” at pH 13.6 with
m=1,91 mg/sec and t=4.40 sec. Therefore, the diffusion
coefficients of Cd{II) at pH=6.0 and pH=13.6 were
3.9x10°® cm%sec and 3.4 x 10°% cm¥sec, respectively.

At pH=6.0 and with constant concentration of tartrate
(0.15 M), the limiting current increased linearly according to
the concentration of cadmium(Il). The limiting current, how-
ever, was not proportional to the concentration of cadmium
(Figure 2(A)) at pH value where the current exhibited strong
dependence on pH. In sufficiently high concentration of tar-
trate compared with that of cadmium, the limiting current
varied linearly with cadmium concentration even in strong
alkaline solution (Figure 2(B)).

The limiting current at pH of the minimum current in-
creased with the increase of tartrate concentration (Figure
3). Therefore, it is reasonable to conclude that the concentra-
tion of electrochemically reducible complex increases with
the increase of the ratio of tartrate to Cd{Il).

The individual number of ligand species in the complexes
can be obtained from the shift of half-wave potential with
respect to either pH or tartrate concentration®. It was
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Figure 4. Shift of half-Wave potential by pH with tartrate concen-
trations of {a); 0.09M, {b); 0.15M, (c); 0.30M, and {(d); 0.75M.
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Figure 5. Shift of half-wave potential by tartrate concentration at
pH values of (a}; 12.4, (b); 12.7, {c); 13.1, and (d) 13.6.
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1.85-2.08 from Figure 4 at pH 12.4-13.8 while the number
of tartrate varied from 1.41 to 1.82 depending on pH from
12.4 to 13.6(Figure 3). The analysis result of cadmium com-
plex {(ppt. 5 of Table 1) obtained at pH 13.6 was [Cd?*]:
[Tart®>}[OH") = 1:2:2. Therefore, the complex in solution of
sufficientty high pH and high ratio of tartrate to cadmium is
Cd(Tart) {OH),*.

pH Titration, The pH titration curve of the solution con-
taining CA(II) and an excess sodium tartrate with sodium
hydroxide showed a distinct inflection point between pH 7
and 11 as shown in Figure 6 and 7, The inflection point ap-
peared at the point where the titration fraction corresponded
to the amount of cadmium. Therefore, the titration curve
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Figure 6. Titration curves of 0.1M tartrate and cadmium, of which
the concentrations are (a); 0, (bY; 2 mM, and (c) 10 mM.
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Figure 7. Titration curve of IM tartrate and cadmium, of which the
concentrations are {a); 0.4mM, (b); 2mM, and {c}; 10mM.

with one inflection point indicated the presence of repla-
ceable proton coming from cadmium complex. When the pH
of the solution was below 8 during titration, only tartrate
must be involved as a ligand in the complex. So a proton from
hydroxyl group in tartrate must be released because two car-
boxylic protons were already dissociated. The possibility of
hydrolysis of tartrate to bitartrate which responded with
titration curve will be slim because the first and the second
acid dissociation constant of tartaric acid are 9.2 x 107 and
4.3 x 10°%, respectively. Besides, the inflection point varies as
the concentration of cadmium as shown in Figure 6 and 7.
Therefore, the complex of cadmium tartrate in neutral and
weak alkaline solution is Cd(C,H,0).

Cyclic Voltammetry at HMDE. Due to its superior sen-
sitivity to polarography, other peaks were also observed with
cyclic voltammetry at various potential depending on the ex-
perimental condition(pH and tartrate ion concentration). A
single main reduction peak was observed when pH was ei-
ther below 8.3 or ahove 12.5. Its peak potential(-0.68 V us.
Ag/AgCl) did not change with pH up to pH value of 8.3. So it
is possible to conclude that either cadmium ion does not form
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Figure 8. Dependence of peak current on pH. Concentration of tar-
trate; 0.06M, Concentration of Cadmium; 1.1mM, (a); Peak 1 (peak
potential of -0.68V vs. Agf AgCl (b); Peak 2 (-0.87 V), (¢}; Peak 3
(-1.16 V), {d); Peak 4 (adsorption Peak at -0.8V), Curve (a) should
use the scale at the right,

a complex with hydroxide up to that pH or it forms a very
weak complex. The peak current, however, decreased sharp-
ly as observed in polarography.

The variation of peak current of different peaks at dif-
ferent pH are shown in Figure 8. From this curves, it is ob-
vious to note that more than two other electrochemically
reducible species are present at 9<pH<12.5, But the total cur-
rent is much less than the one measured at acidic media and
this indicates that there exist other species which are not
electrochemically active in the potential region assuming
that the diffusion coefficients of the reducible species are not
different very much. This assumption is true as seen in the
above that the diffusion coefficients of Cd(Tart) and
Cd(Tart){OH),* are almost the same. Furthermore, small
secondary waves were observed when the pH of the solution
was greater than 9, and they could be from the ones complex-
ed with deprotonated tartrate and hydroxide.

The surface related peak’ which could be observable
when pH was greater than 12 was present at -0.8 V. The
peak current increased with slower scan rate. Because of its
scan rate dependence, it could be not only adsorbed species
but also related to the kinetics of chemical equilibria in the
media. It is known that the equilibrium constant of the fol-
lowing reaction is 1010288,

CA(CH;09" &= CAIC H, 0" +H*

Therefore, it is possible to conclude that other species
such as CHC H;0,", CHCH,09%, CA(CHOMOH)*, and
Cd(C H0MOH),* can exist at 9<pH<12. Besides, it is also
known that the complexes of tartrate exhibits binuctear
structure due to a large stereoselective effect®™ 1% Thus,
Cd(C,H,04) and CA{C,H,0¢° may also form dimers with
oxygen bridge from hydroxyl group of tartrate. So one or
more of the above species which are not electrochemically
active account for the low total peak current at 9<pH<12.5.
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Electrical Properties of Pure and Cadmium-Doped Indium Sesquioxide
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Cadmium-doped indium sesquioxide systems with a variety of CdO mol % were prepared to investigate the effect of doping
on the electrical properties of indium sesquioxide. The electical conductivities of pure Iny0; and Cd-doped InyO; systems
were measured in the temperature range from 25 to 1200°C and P(;.2 range from 10-7 to 10~ atm, and the thermoelectric
power was measured in the same temperature range. The electrical conductivity and thermopower decreased with increasing
Cd0 mol % indicating that all the samples are n-type semiconductors. The electrical conductivities of pure InyO3 and lightly
doped In;0s were considerably affected by the chemisorption O at temperatures of 400 to 560 °C and then gaseous oxygen
was reversibly chemisorbed at the temperature. The predominant defects in InyOj are believed to be triply-charged intersti-
tial indiums at temperatures above 560°C and oxygen vacancies below 560 °C. In Cd-doped Iny04 systems, cadmium acts as
an electron acceptor and inhibits the transfer of lattice indium to interstitial sites, which give rise to the decrease of the elec-

trical conductivity.

Introduction

Indium sesquioxide has been known to be an n-type semi-
conductor. Pure and impurity-doped indium sesquioxides
find use in a variety of applications such as electrodes in solar
cells!, gas detectors?, and heterogeneous oxidation-re-
duction catalysts®®, The electrical properties of In,0y along
with its defect structure have been extensively studied, but
the detailed conduction mechanism is not yet fully under-
stood. Ovadyahu ef al.® suggested the existence of In atoms
with different valences in In,04 based on the results of stoi-
chiometry measurements, Hall effect and crystal structure
data. In view of these reports, the electrical conduction me-
chanism in indium sesquioxide may be more complicated
than hitherto assumed.

Indium sesquioxide doped with acceptor or donor impuri-
ties is expected to become p-type or a highly resistive n-type
due to the compensation effect in wide band gap semicon-
ductors. Wit et al.%” reported that the electrical behavior of
In 0, between 25 and 800°C is influenced by impurities, the
impurity effect is overshadowed by intrinsic properties

above 800 °C. Kanai investigated the electrical conduction in
a Mg-doped In,0; single crystal between -173 and 25°C and
found that the electrical conduction was electronic with the
electron concentration and electron mobility in the crystal
almost independent of temperature®, Until now, few results
have been reported for the electrical properties of indium
sesquioxide polycrystals doped with other elements. In the
present work, we report on the electrical properties of
Cd-doped In,O, systems and suggest the nature of the elec-
trical conduction mechanism based on the results.

Experimental

Sample Preparation. Specpure indium sesquioxide
(99.999% pure, Aldrich Co.) and cadmium oxide (99.999%
pure. Johnson-Matthey Co.) powders were used for the pre-
paration of Cd-doped In,O; systems. Finely screened CdO
and In, 0, powders were uniformly dispersed in various mole
ratios in pure ethanol for 48 hrs and the mixtures were
filtered and dried at 150 °C. CdO-In,0j solid solutions were
prepared by allowing direct solid-state reaction between the



