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8 °. LPALF propylene carbonate® Aol ZeE o2& AZHHUSTAS AFHA B3RS
e AR ASL Baxte] AYAFYEH £ AYAFHoZ ZAEAG. 2 Fa 4 AT
Hlg e Z7l9E wgdes ¢ F UL, LY B9st AFoR AEFZ] oHE oE <A
EYREN e dHZE Hree FEZ Y Holg o]4dd EHEY FREES MNE FFEAA
t}. =, EtNH:Cl" (1.6mM)% MeNH;Cl" EZE) 18-crown-6(20mM)E  H7M&AEw, Me, NH; CI°
9] ¥x7} EtNH;Cl™ ¢ %013}(0.8mM°13})°ﬂ*1 Hazlo]l ALAFHA g B9 Est sHsst
Qn, FEd oF 29elo M9 o|F& EtNH;Cl 7} 0.53V, Me,NH;ClI™7} 0.37Velith. old,
Me; NH;Cl ) 5599 0.6~0.8mMoAA %52 BF(F$d A9, —1.06Vvs.Ag/AgCl IA Me:NH:
. CRS #9)st ¥E Abolo] A=A wHBAs 4@, EINHiCl o FZE3toM MeNH;Cl' & 3
¢ 4 AU, £F SVALAFHAAM ENH;Cl" 8 557 Me:NH; Cl7(0.5mM) Bt #3F<Q1 34,
EINH;Cl 2289 0.5~2.5mMol A Me,NH;Cl™¢] &3l EtNH;Cl™ 8 A&l 7hs3tid.
ATSTRACT. Voltammetric behavior of alkylammonium ion was studied in the absence and in the
presence of crown ether in propylene carbonate as solvent. The peak potentials and the peak currents,
their dependency on the concentrations, the reversibility of the electrode reactions are described. In the
presence of crown ether chemical reaction might be preceded'before the electron-transfer process, the
peak potential for the reduction shifts at the negative direction as the concentration of crown ether to
the electrolyte solution increases. The addition of crown ether(20mM 18CR6)to the electrolyte solution
made it possible to determine voltammetrically the dialkylammonium ions(Me;NH; ;0.6~0.8mM) in the
presence of the monoalkylammonium ions (EtNH;;1.6mM) and the monoalkylammonium ions (EtNH;7 ;
0.5~2.5mM) in the presence of the dialkylammonium ions(Me;NH; ;0.5mM)
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2 RNHa Cl 2 RNHCI ojw} R=CH;, C.H.
n-GH; 2 i-CGH, 328 WAKO E3A|¢e 2
W2 AFRStAch. S92 ALE$ propylene car-
bonate(PC)= Flukad & EFALGE a1z A
21 crown ethers¥ PCR Product NO. 11984 —

2 crown ethers kit 5 15-crown-5 (15CR5), be-
nzo-15-crown-5 (B15CR5), 18-crown-6(18CR6),
dibenzo-18-crown-6 (DB18CR6), dicyclohexyl-18-
crown-6(DCH18CR6),  dibenzo-24-crown-8(DB24-
CR8) % dicyclohexyl-24-crown-8(DCH24CR8)S
= ARRE T, AAHANEE ALEF tetraethy-
lammonium perchlorate(TEAP)= &3] 7|43
ol wel e Alg3kygr.®
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o A}&-F 7]7]= PAR Model 174 A Polarogra-
phic  Analyzer®$ EG&G Model 303  Static
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= PAR Model G0O159 &-¢g32 3 Z(silver-sil-
ver chloride electrode) € # oo Wz HIFL
HFHE AE3Y. AAPIFoe2E  PAR
Model GO207 W& 9HAF(AE 3mm 2L
Amel Model 492 93 94343 (ANE 2mm) <
Abg3tgdem A &7l PAR Model 9300
Polarographic Cell 2 Amel Mode! 494 Univer-
sal Cell.& AH&3tdch. = £8Hg HASY9
AH8-3t 71715 Amel Model 473 Polarographic
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StandE& AFE3Ion AAAZT 2 Azgr|e
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Table 1. Cyclic voltammetric data’ for the reduction of alkylammonium chloride in propylene carbonate’

peak potentials . . . .
.| scan rate AE, i iy ip /1’ ip’/v%)
RNH;'/R:NH; (-V vs. Ag/Agcl)
(mV/sec) - (42 (uA) (uA) (nAV " sec”
Ey ES
200 0.87 0.69 0.18 0.50 047 094 0.035
EANH 100 0.86 0.70 0.16 0.36 0.31 0.86 0.036
t +

: 50 0.85 0.71 0.14 0.26 0.19 0.73 0.037
20 0.84 0.72 0.13 0.18 0.11 0.61 0.040
200 0.89 0.70 0.19 0.51 047 0.92 0.036
100 0.88 0.71 0.17 0.36 0.31 0.86 0.036

MezNHz -
50 0.87 0.75 0.12 0.26 0.19 0.73 0.037
20 0.87 0.76 0.11 0.17 0.11 0.65 0.038
200 091 0.70 0.21 0.54 0.51 0.94 0.038
100 0.87 0.71 0.16 0.38 0.35 092 0.038

n-PrNH;*
50 0.86 0.71 0.15 0.28 0.24 0.86 0.040
20 0.85 0.71 0.14 0.20 0.12 0.60 0.044
200 091 0.67 0.24 0.49 0.45 0.92 0.034
100 0.90 0.70 0.20 0.35 0.31 0.89 0.035

i-PrNH; "
50 0.89 0.72 0.18 0.25 0.21 0.84 0.035
20 0.89 0.73 0.16 0.17 0.11 0.65 0.038

2 Data for the first sweep. The working electrode was a Pt-disk electrode(2mm), auxiliary electrode was a

Pt wire and Ag/AgCl electrode was used as a reference electrode. * The solution contained 1.0mmoldm™

RNH;*/R:NH;” and 0.lmoldm ™3 TEAP.
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Table 2. Cyclic voltammetric data® for the reduction of alkylammonium chloride in various concentrations

peak potentials peak currents L
RNH; " /R:NH, " IR | (—V vs. Ag/AgCD) (uA) W/
(moldm=-3) - - (uA/mmol dm™3)
ES E, i i
50X107 0.83 0.68 0.18 0.15 0.36
EtNH,* 1.0X107° 0.86 - 070 0.36 0.31 0.36
20X1073 0.92 0.73 0.66 0.56 0.33
50X107¢ 0.84 0.66 0.18 0.16 0.36
Me;NH;"* 1.0X1078 0.88 0.71 0.36 0.31 0.36
2.0X1073 0.96 0.78 0.69 0.61 0.35
1.0X1073 0.87 0.71 0.38 0.35 0.38
20X107? 095 0.73 0.63 049 0.32
n-PrNH;*
30X107° 0.98 0.73 1.15 0.85 0.38
50X1073 0.99 0.75 1.80 1.26 0.36
1.0X1073 0.90 0.70 0.35 0.31 0.34
i-PrNH;" 30X1073 0.99 0.73 1.00 0.86 0.33
50X107% 1.05 0.75 1.60 1.30 0.32

“ Data for the first sweep. The working electrode was a Pt-disk electrode(2mm), auxiliary electrode was a
Pt wire and Ag/AgCl electrode was used as a reference electrode. Scan rate; 100mv/sec.

Table 3. Dependence of E, and I, on the concent-
ration of DB 18 CR 6 in differential pulse voltam-
metry

Concnof
RNH;*/RNH,*| DB18CR6 & b
. | (VvsAg/AgCD | (uA)
(mmol dm™9
None ~0.67 3.94
10 -0.70 2.03
EtNH;* 20 -0.70 2.20
30 -0.71 2.10
40 —0.72 2.00
None —-0.69 394
10 —0.69 3.16
Me:NH;" 20 -0.70 2.86
30 -0.70 2.70
40 -0.71 2.58

Concentration of substrate: 1.0mmol dm=3 Modu-
lation amplitude: 50mV, Scan rate: 20mV/sec,
Supporting electrolyte: 0.1 moldm 3/PC, Electrode:
Pt-disk (2mm).

AFE Table 391 JeRNATE. Table 342t

Table. 4. The shifts in the peak potentials(V) by
the addition of 10mmoledm™ DCH24CR8 and 10
mmoldm ™3 DB24CR8 in differential pulse voltam-
metry

R [RNH.*/R:NH," RNH;*/R:NH, " [RNH;* /R-NH,"
DCH24CR8 | DB24CR8
Et —0.67 —0.840 -=0.770
n-pr —=0.70 -0.840 —0.740
i-pr —9.73 —0.820 —0.750
Me; —0.69 —0.835 —0.780
Pr; —0.80 —0.840 —0.800
Et+Me; —081 —0.870 —0.830
n-pr+1; —0.80 —0.850 —0.810

ipr

Concentration of substrate; 1.0mmol dm™® Modu-
lation amplitude; 50mV, Scan rate; 20mV/sec, Sup-
porting electrolyte; 0.lmoldm™3 /PC, Electrode; Pt-
disk(2mm). ‘ :

2ol 4UY2 Pl DBISCR6S H7Heta e
299 299 Ae A9 oEH ¥%a) A
#9 747 dode ¢ 4 AY. 2y

Journal of the Korean Chemical Society



I goHz Hrld ¢ A TUGRE HrHAH §4 41

Table 5. Cyclic voltammetric data® for the reduction of alkylammonium in the presence of 10mmol dm~

18 CR 6 in propylene carbonate’

3

peak potentials AE e -
1 /v
RNH,*/R:NH,® | S0 ™% | (v s Ag/AgCl) P ? A
(mV/sec) - - 4%] (nA) (UA mV™* sec
ES E; .
200 131 © 091 040 0.32 0.022
100 1.26 0.96 0.30 0.23 0.023
EtNH;*
50 1.25 0.97 0.28 0.17 0.024
20 1.23 1.02 0.21 0.12 0.026
200 1.05 0.80 0.25 048 0.034
100 1.04 0.81 0.23 0.33 0.033
Me,NH;"
50 1.04 - 085 0.19 0.25 0.035
20 1.02 0.86 0.16 0.17 0.038
200 T 132 0.93 0.39 0.34 0.024
100 127 0.96 0.31 0.25 0.025
n-PrNH;"
50 1.27 101 0.26 0.17 0.024
20 1.25 1.05 0.20 0.11 0.025
200 131 0.92 0.39 0.28 0.020
100 1.27 0.94 0.33 0.20 0.020
i-PrNH;*
50 1.25 0.97 0.28 0.14 0.020
20 1.24 1.02 0.22 0.10 0.022

“ Data for the first sweep. The workding electrode was a pt-disk electrode(2mm), auxiliry electrode was a
Pt wire and Ag/AgCl electrode was used as a reference electrode. *The solution contained 1.0mmol dm *

RNHs"/R:NH,* and 0.lmol dm™? TEAP.
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Table 6. The shifts in the peak potential induced
by the addition of 10mmol dm™® crown ethers in
cyclic voltammetry

CR RNH;"/R.NH,*  Bhifts in the peak
R= potential(V)
B15CR Et 0.12
5
Me; 0.01
n-Pr 0.11
18CR6 Et 0.40
Me; 0.16
n-Pr 0.40
i-Pr 0.37
DB18 Et 0.18
CR6
Me; 0.11
n-Pr 0.15
i-Pr 0.13
DCH24 Et 0.18
CR 8
Me: 0.21
n-Pr 0.22
i-Pr 0.18

Concentration of substrate: 1.0mmol dm=, Scan
rate; 100mV sec™!, Switching potential: —1.30V vs.
Ag/AgCl, Electrode: pt-disk(2mm), other conditions
are same as those in Fig. 1.

A 2ol EFEY BLa HFYEs ETFE] of
d Zztel 398 AY(ENH,Cl & —067V,
Me,NH,'Cl'& ~069V)ETE #AH3 249 o
ol AW T ¥egst ofd sty
Y2 et a2y o] EFEe] age
AHN2E dhded: £2 2oa 2oes
E F .

Fig. 191X, £ 59 =45 2destd ¢
LALAFITMe B9 AR WHIAZHH,
—1.06Vel ¥ %2+ MeNH,"*CR, —120V9
E$2le EtNH," 'CRel 9&73& <4 & AN
o},

Fig. 29l = DCHZ4CR8& H7l38lA ¥%e
W n-PrNH, ¢ i-PrNH," 9} 892 "= 42
—070Veh —0.73Veld] Wste EFES B¢
AYE —080VEAH 1Y o5 S 3den 2

Peak current {pA)

0.4 0.7 1.0 1.3
—E/V vs. Ag . AgCl

Fig. 1. Differential pulse voltammograms of a mix-
ture of 0.6mmoldm * Me,NH,"Cl" and 1.6mmoldm
"% EtNH:'Cl™ in the absence(—) and presence
(--) of 20mmoldm * 18CR6. Scan rate: 5mV sec .,
Modulation  amplitude: 50mV, Electrode: Pt-disk
(3mm), Supporting electrolyte: 0.1moldm * TEAP/
PC.
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Current (ua)

peak

~E/V vs. Ag/AgCI

Fig. 2. Differential pulse voltammograms of a mix-
ture of 10mmol dm ? n-PrNH;'Cl™ and
1.0mmol dm™? i-PrNH; ClI” in the absence(—)
and presence () of 50mmol dm™* DCH24CRS.
Scan rate: 5mV sec !, Modulation amplitude: 50
mV, Electrode: Pt-disk(2mm), Supporting electrol-
yte: 0.1moldm™® TEAP/PC.

2t 2 @& Fite BfEr vdest 2y
o] &% E DCH24CR8S 50mM 71884
FAg Zetd ¥2EE d€ 4+ Adeny, &
F2o AUE 23 A —-074VeY E e
= i-PrNH," - CRS $go) 7118 Aoln, —0.
84Vel B-9-2= n-PrNH;” - CRel 71U AY LS
a4 A,

0.5mM Me,NH, Cl  &lel 20mM 18CR6E
H7M2F EINH, G o 558 Ax WaA7H
A HAGAFFAHAE €2 43 ENNH,'Cl 9 ¥
=7 1mM o) golA B9l RuE #adgs
AT, 1.6mM9 EtNH;"Cl &9 20mM 18
CR6E #H/183F MeNH, Cl & FEF WahA
AWH ALAFTAL deA3} MeNH, Cl 9
FE7FENNH,Cl 559 ®olatd R (F, Me
NH:'Cl' ¢ %% 08mM olshold 22 Ze
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Table 7. The changes of peak current(uA) of Me;-
NH."™ in the presence of 1. 6mmoldm EtNH:" and
20mmol dm™ 18CR6 in differential pulse voltam-

metry

[Me,NH:"] Me,NH,* Et NH;™

mmol dm ~* EnV | inud | EnV | i pA
0.60 —1.06 193 —1.20 223
0.64 —1.05 220 —-120 225
0.69 —1.06 240 —1.20 226
0.73 —1.07 258 —1.20 224
0.80 —1.08 310 —1.20 224

Scan rate: 50mV sec!, Modulation amplitude; am-
plitude; 50mV, Electrode; Pt-disk(3mm), Supporting
electrolyte; 0.lmotdm=* TEAP/PC.

—

400F

300r

Peak Current (uA)

1wa

N S
L

i d
06 0.7 Q.8

Me, NH. me
1 e,NH, ], mmol din’

Fig. 3. Relationship between the current at — 1.06
V and concentration of Me:NH,'Cl in the prese-
nce of 1.6mmol dm * EtNH;"Cl  and 20mmol dm
"3 18CR6. The current was measured by the dif-
ferential pulse voltammetry under the same expe-
rimental conditions described in Fig 1.

A 2egg 4L £ YAen, MeNH, Cl ™
FEol ¥oa Aol HAMAQ w & AA )
ARt ol ABRE Table 73 Fig. 391 Y
gl ot
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EtNH;"Cl" ¢ Me,NH,"Cl" ¢ EYEA g
SRAYAFINE —098VelA shtel 2oy
€ vedlov, oEH#E) 20mM 18CR6E A
oz Zed 29EE 9¢ 4 Ao,
Fig. 49 Jetidct. Fig 4914 —1.06Ve &
$2 A9E MeNHiCRY $dZoln], —126
Vel 2$et ENH, " - CRel 71918 o],
140V oM FAMEE wEAS W BHTA

Peak current (pA)

{ 50mV / sec
-0.08}

0.8 1.0 1.2 1.4

—E/V vs. AgsAgCl
Fig. 4. Cyclic voltammograms of a mixture of 0.5
mmol dm™® Me;NH,"Cl” and 1.0mmol dm? EtNH
3"Cl” in the absence(--) and presence (—) of 20
mmol dm™ 18 CR 6. Scan rate: 5mV sec™!, Mo-
dulation amplitude: 50mV, Electrode: Pt-disk(2mm),
Supporting electrolyte: 0.lmol dm™?
Switching potential: — 1.40V vs. Ag/AgCl.

TEAP/PC,

IR - IR

9 %927t —1.08Veh —094VolA Ztzt e
s},

0.5mM2] MeNH."Cl" &9 20mM2! 18CR6
€ H7M¥ 9g, EINHy ' Cl 9 5= 3zl
EFEN FPHY FFIFHLE de A
EtNH:"Cl 9] F=3 7o) uel QI He B4
2] AYe AA SANFog oFdgen, A

040

o o
@ w
=] 13
T T

®

Current { A }

Peak
o
N
n
T

0z20p

o5

Lk 1+]

B3

1 s !

1.0 1.5 2.0
+

{ E“‘HS I, mmol dmd

O.‘S 2.'5
Fig. 5. Relationship between the cathodic current
and concentration ‘of EtNH:;* in the presence of 0.
Smmol-dm™ ‘Me;NH,"Cl~ and 20mmol dm™* 18CR
6 in cyclic voltammetry. Scan rate: 5mV/sec, Mo-
dulation amplitude; 50mV, Electrode; Pt-disk(Z2mm),
Supporting electrolyte; 0.1mol dm * TEAP/PC.

Table 8. The changes of cathodic peak current (I,9) of EtNH;* in the presence of 0.5mmol dm™? Me,NH,*

and 20mmol dm™® 18CR6

[ . Me.NH;" EtNH;"
mI:g;ISm -3 E; E;? 1Py Ey E;? L
(V vs.Ag/AgCh|(V vs.Ag/AgCl) (nA) (V vs.Ag/AgCD|(V vs.Ag/AgCl) (nA)

0.50 —1.06 -0.94 0.16 —125 —1.10 —0.18
1.00 —1.06 —0.94 0.16 —1.26 —1.08 —023
1.50 —1.06 —094 0.16 —127 —1.07 —0.28
2.00 —1.06 ~0.94 0.16 —1.29 —1.05 —033
2;50 —1.06 -0.94 0.16 —1.30 —1.03 —0.35

The current was measured by the cyclic voltammetry under the same conditions described in Fig 4
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