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Interests in polypyrrole(PPy) as an organic conducting 
polymer have been increasing rapidly because PPy can en­
hance the stability of photoelectrodes used in converting 
solar energy to electrical or chemical energy.1*5 Relatively a 
few applications have employed the PPy modified electrode 
as potentiometric sensors.6 However, the applications have 
been limited to anions, although there are some reports con­
cerning the applications to cations using different polymers.7

This paper reports the first use of a PPy electrochemical­
ly modified Pt electrode as a potentiometric sensor for hydr야- 

nium ion. Some electrochemical behaviors of the PPy coated 
Pt electrode are compared with those of a typical glass 은lec- 
trode.

Figure 1 compares a typical potentiometric response of 
the PPy coated Pt electrode with that of a representative 
glass electrode, Horiba model 6326, over a pH range of about 
2 to 12. Under the condition both of the potentiometric res­
ponses to hydronium ion are nearly Nernstian with slopes of 
59.9 and 58.7 mV, respectively, for the PPy modified Pt elec­
trode and the glass electrode. The cause of the potential res­
ponse is not clear at present, but it appears that a proto- 
nation-deprotonation equilibrium of the acidic proton in the 
oxidized PPy as illustrated in Scheme 1 may be responsible. 
Further investigation is needed to clarify the detailed mecha­
nism.

Fully oxidized polypyrrole

Scheme 1.

The slope of potential response measured over the same 
pH range as above remained fairly constant with the increase 
of ionic strength from 0.010 M to 0.30 M as summarized in

Figure 1. Hydronium ion response of electrodes vs. pH.

Table 1. Nernstian Slopes and Response Times for PPy Coa­
ted Pt Electrode at Various Ionic Strengths

Ionic strength, M 0.010 0.020 0.040 0.080 0.15 0.30

Nernstian slope, mV -60.0 -60.0 -60.8 -60.2 -60.2 -60.5
Response time, sec 190 240 310 420 460 500

Table 2. Selectivity Coefficients of Li+, Na + , and K +

Cation Li + Na + K +

PPy coated Pt 6.3E-3 1.5E-5 9.3E-6
Glass electrode l.OE-2 8.0E-5 1.4E-5

Figure 2. Titration curves for 10 mZ of 0.10 M NaOH with 0.10 M 
HC1.

Table 1.
The increase of response time (Table 1) of the PPy modi­

fied electrode monitored at various pH with the increase of 
ionic strength suggests that the more ions are incorporated 
into the polymer film, the longer it takes to become equilib­
ria ted.

The stability of the PPy modified electrode was tested by 
measuring potential in a buffer solution of pH = 6.0. The 
electrode stored in distilled water was found to be stable at 
least for 14 days without change in potential within experi­
mental error.

In addition to hydronium ion, the PPy coated Pt electrode 
responded to monovalent cations. The selectivity coefficients 
of some interfering cations against those of the glass elec­
trode utilized here were measured over a range of concentra­
tion ratio of [Cation]/[H3O+] from about 3 x 10-2 to about 
8 x 104 and the results are listed in Table 2. It is noted that 
난迨 selectivity coefficients of Li+, K+ , and Na+ for the PPy 
coated Pt electrode are only 0.63, 0.66, and 0.19, respective­
ly, of those for the glass electrode.

Finally the PPy modified electrode was evaluated as an in­
dicator electrode for a potentiometric titration of lO.O mZ of 
0.10 M NaOH with 0.10 M HC1 by a Mettler 610 autotitrator. 
Figure 2 demonstrates that the abruptness of the inflection 
near the equivalent point with the PPy coated electrode is es­
sentially the same as that with the glass electrode.

It may be concluded that the PPy coated Pt electrode is 
almost comparable with a typical glass electrode in potentio­
metric response and has better selectivity coefficients for 
Li+, K+, and Na + .
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Carboxylic acids esters are readily reduced to the corres­
ponding alcohols with lithium aluminum hydride1 (LiAlHJ, 
diisobutylaluminum hydride2 (DIBAH), and lithium triethyl- 
borohydride3 (LiEt3BH). However these are so strong re­
ducing agents that the chemoselectivity of ester function in 
the presence of other functionalities can not be expected. Re- 
cently we have found that potassium triethylborohydride 
(KEt3BH) is an excellent chemoselective reducing agent for 
esters4 in the presence of epoxides, nitriles or amides.

C5H11COOC2H5 + T쁘쁘f C5HhCH2OH +O°

0 C, lo min 、■/

99% 1()()%

These results intrigued us to explore the 사lemoselectivi- 
ty of potassium tris-butylborohydride5 (Ks-Bu3BH), a bulkier 
borohydride, towards organic functionalities. We now wish 
t。report such chemoselectivity of the reagent for lactones in 
the presence of other functional groups.

Chemoselective reduction of lactones with K5-Bu3BH was 
studied by competitive reaction. Thus an equimolar mixture 
of a lactone and other substrate containing more common 
functional groups such as ester, epoxide, amide etc. was 
reacted with 2.1 mole equivalents of Ks-Bu3BH at 0°C for 5 
min. The results are excellent as shown in Table 1.

Table 1. Chemoselective Reduction of Lactones with Ks- 
요H in Tetrahydrofuran at 0°Ca

entry compounds product yield* 
(%)

1 /-butyrolactone 1,4-butanediol 99
ethyl caproate ethyl caproate 96

2 /-butyrolactone 1,4-butanediol 100
ethyl benzoate ethyl benzoate 95

3 /-valerolactone l-methyM,4-
ethyl benzoate butanediol 93.2

ethyl benzoate 90
4 ^-methyl-Y-buhTO- 2-methyl-l,4

lactone butanediol 96

"A mixture of one mmol each of lactone and other substrate was 
reacted with 2.1 mmol of Ks-BigBH at 0°C for 5 min. ^Yields were 
estimated by GLC. ^Reaction with KEt3BH. ^Reaction with 
DIBAH.

ethyl benzoate ethyl benzoate 92
5 S'-valerolactone 1,5-pentanediol 96.3

ethyl benzoate ethyl benzoate 93.4
6 phthalide phthalyl alcoh이 100

ethyl benzoate ethyl benzoate 99
7C 7-butyrolactone 1,4-butanediol 88

ethyl benzoate ethyi benzoate 86

8』
benzyl alcohol 10

7-butyrolactone 1,4-butanediol 30
ethyl benzoate ethyl benzoate 74

benzaldehyde 10.3
benzyl alcohol 18.5

9 /-butyrolactone 1,4-butanediol 99
styrene oxide styrene oxide 100

10 7-butyrolactone 1,4-butanediol 99
cyclohexene oxide cyclohexene oxide 99.8

11 T-butyrolactone 1,4-butanediol 99
N,N-dimethyl- N,N 서 imethyl- 99
caproamide caproamide

12 7-butyrolactone 1,4-butanediol 99
capronitrile capronitrile 99.8

13 7-butyrolactone 1,4-butanediol 99
1-chlorooctane 1-chrooctane 99

14 7-butyrolactone 1,4-butanedi 이 97
decene decene 100

,As shown in entry 1 and 2, 7-butyrolactone can be selec- 
tiv이y reduced in 나】e presence of either aliphatic ester (i.e. 
ethyl caproate) or aromatic ester (i.e. ethyl benzoate). And 
other representative lactones such as /-valerolactone, a-me- 
thyl-/-butyrolactone, -valerolactone and phthalide are also 
reduced with excellent 사】emos이ectivity (entry 3-6). To the 
best of our knowledge, there have been no report of such 
selective reduction. We also undertook the competitive re-


