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1. Primary alcohols reacted readily with carboxylic acids to
afford the corresponding esters in excellent yields. The yie-
Ids are much higher than 40-60% obtained by Olah under
comparable condition without using the drying agent but si-
milar to those observed in the gas phase reaction®, The yie-
lds were lower with secondary and tertiary alcohol presuma-
bly because of the steric effect and the competing dehydra-
tion reactions. Thus in reactions of cyclohexanol with carbox-
ylic acids and the ester was produced only 20-46% but c¢yclo-
hexene was obtained in 30-80% vields under the same con-
dition. When tertiary alcohot was used only poor results were
obtained; formation of gaseous isobutylene was visibly noti-
ceable, This esterification procedure is, however, very effi-
cient also for sterically hindered carboxylic acids.

The present procedure provides an efficient method for
esterification of aliphatic carboxylic acids and primary alco-
hols. In this procedure, only a catalytic amount of the acidic
resin is needed, and the heterogeneous catalyst provides for
a very simple work up. Application of Nafion-H on other
acid catalyzed reactions are in progress in our laboratory.
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The rare earths are usually determined by optical emission

Communications to the Editor

B A

oy [T

o
\X&\\\\\lg

Figure 1. Electrochemical cell for flow injection analysis. A: work-
ing electrode, B: reference electrade (SCE), C: counter electrode
(Pt wire), D: reservoir for mercury droup, E: inlet F: outlet
(to waste).

spectrometry'?, mass spectrometry coupled with inductively
coupled plasma®, neutron activation analysis* and electroche-
mical methods®™ 7. One of the problems with electrochemical
methods is that most rare earth ions, except Sm, Eu, and
Yh, are hardly reduced to their divalent state at the mercury
electrode in aqueous solution®. The standard reduction poten-
tial of most rare earth ions is more negative than that of
hydrogen ion in acidic media and so the reduction is interfe-
red by hydrogen evolution, This is a reason why the polarog-
raphic analysis of rare earth ions is not usually employed.
The detection of rare earth ions with electrochemical techni-
ques after separation by high performance liquid chromatog-
raphy (HPLC) has been reported earlier by Boissonneau et
al.’. These researchers mixed ethylenediaminetetraacetic acid
(EDTA) in the flow stream of rare earths at the exit of the
HPLC column. The concentration of the element was then
determined indirectly by measuring the concentration of free
EDTA. Here, we chose diethyienetriaminepentaacetic acid
(DTPA) as a ligand to determine rare earth ions by flow
injection analysis. The choice of DTPA as a complexing agent
has two advantages: the larger value of formation constant
of DTPA with rare earth ions leads to almost all ions comp-
lexed in the flow stream, guranteeing more quantitative de-
termination. Oxidation potential of DTPA at a mercury electro-
de is less positive than that of mercury itself. Hence, anodic
current for the oxidation of DTPA is not interfered with
by oxidation of mercury electrede. In this work, we have
demonstrated quantitative determination of the rare earth
ions indirectly by amperometric techniques in flow injection
analysis.

The principle of detection for flow injection analysis is
as follows: A ligand such as diethylenetriaminepentaacetic
acid (DTPA) is injected with a constant flow rate into a flow
stream containing the rare earth ions to be determined. The
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Figure 2. Diagram of experimental set-up for flow injection ana-
lysis.
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Figure 3. Differential pulse polarogram for the uxidation of 1X
10°* M DTPA in 1.0 M ammonium acetate buffer (pH=4.8).

reaction hetween the ions and the ligand occurs in the flow
stream, and the reaction products and uncomplexed free
DTPA reach the electrochemical cell where the free DTPA
13 determined. In the electrochemical cell a working elect-
rode is polarized at a potential at which the free DTPA can
be oxidized. A large background current from the oxidation
of DTPA is obtained in the absence of the rare earth ion
in the flow stream, The decrease in the background current
due to the decrease of free DTPA by the reaction with rare
earth ions is proportional to the concentration of the rare
earth ions.

A three-electrode system was employed to perform elect-
rochemical measurements. A dropping mercury electrode
was served as a working electrode. A saturated calomel elec-
trode (Model C-10, Tacussel Co.) and platinum wire were
used as a reference electrode and counter electrode, respec-
tively. The supporting electrolyte was 1.0 M ammonium ace-
tate buffer. The electrochemical cell for flow injection analy-
sis was made with a capillary column shown in Figure 1.
The schematic diagram for flow injection analysis is shown
in Figure 2. The ligand is eluted at a constant flow rate
of 0.8 m{/min and mixed with the rare earth ions in a mixing
chamber. The uncomplexed DTPA can be oxidized at the
mercury electrode. A differential pulse polarogram for the
oxidation of DTPA is shown in Figure 3 and the detection
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Figure 4. Chronoamperogram for the determination of Hol-
mium. Detection potential: 100 mV vs. SCE., concentration of
DTPA: 5X10°* M, supporting electrolyte: 1.0 M ammeonium ace-
tate buffer {pH=4.8), concentration of Holmium: 3X10°% M. flow
rate: 0.8 m{/min. Arrow indicates injection point.
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Figure 5. Plots of the peak current for the oxidation of DTPA
vs. concentration of rare earth ion. (. }: Tm, {:2): Ho, (&) Yb.

potential at the maximum anodic current is found to be 100
mV vs. SCE. A chronoamperogram for holmium, for example,
is illustrated in Figure 4.

The values of peak current for the oxidation of DTPA
in the absence and presence of the rare earth jons are plot-
ted with concentration of the rare earth ions, Tm, Ho, and
Yb are shown in Figure 5. A linear relationship is shown
between the peak current and the concentration of the rare
earths. The detection limit is 0.5 ug for the tested ions, such
as Tm, Ho, Yb. Nd, Sm, Eu, and Gd.

In summary, we have demonstrated the concept of indirect
amperometric detection of rare earth ions for flow injection
analysis, The detection method can be applied to any metal
ions by selecting proper complexing ligand and optimum de-
tection potential. This method also removes the unnecessary
step, of the removal of dissolved oxygen, which is a required
step for cathodic detection methods. Although detection limit
of this report is not comparable to that of spectometric me-
thod a more sophisticated cell design and detection scheme
with solid electrode will promise to lower the detection limit.
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