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Fig. 1 Electrode potential (E) of a sodium ion-sensitive glass electrode us.

time cuve

E/mV: emf of the cell Ag/0.01 moldm™ > AgClO, (Hacac)//0.1 mol
dm™% Et,N-picrate (Hacac)//0.001 mol dm™3 NaClO, (S)/Na* ion-
sensitive glass electrode. Hacac: acetylacetone; DMF : N,N-dimethyl-
formamide; DMA : N,N-dimethylacetamide ; DMSO : dimethyl sulfoxide

VY, ARBAHEED 10 DRBIC 0.1 mV BLTiZE - 1244,

FOEERAE ST, —280| i
3 RREEER —20r .
3¢1 FRMUITLALFBRIRES T XABEOEE 30 )
FORERmBE LTV bU YA A VRIS S 2 5 —310% y
B OB -F R % Fig. 1 IR U7z, BRRELLE, M 3201 i
A, MEBGHRES N T—EOEIGEL 2. BEE 330k ; _
EEFT M) YLALAYEBE ¢ (107*~10° mol a0k 1
dm™3) OBEd{%% Hacac, 7t ;= MUV (AN), T+
Ny (AC), K, A% /=) (MeOH), T8 J—) —3501- . O
—4.0 =35 30

(EtOH), NN-Y X FNVAENLT I K (DMF), NN-Y
AFNTE LT IR (DMA) ROV AFNVANVEF Y
F (DMSO) HTHANIMER, E-loge 70 v FDER
OFEx 1, FhEN 59, 53, 54, 59, 57, 52, 58, 61
RO 60 mV/log[¢(NaClO,)/mol dm™*] T&H - 1z (RZE
hFhst1mV BUF). AN, AC XU EtOH HOH
HZRRNIVETH - 12H5, T RY T AL v BERME
#o B, FOMDBHEATEF FI VAL L VIC

log(c/mol dm3)

Fig. 2 Nernst response of a sodium ion-sensitive
glass electrode in acetylacetone

E/mV:emf of the cell Ag/0.01 moldm *
AgClO4//0.1 moldm™®  Et,N-picrate//c mol
dm ™% NaClO, with and without Bu,NCIO,/
Na* ion-sensitive glass electrode. (O) without
BusNCIO,; (@) with 0.01 moldm ® BuyN-
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Fig. 3 Y, Y and Y” vs. [DMSO] plots for the com-

plexing of sodium ion in acetylacetone with
dimethyl sulfoxide

Y is given in Eq. (3) in the text; ¥’ =(¥—
£)/[DMSO] and ¥”=(Y’—#,)/[DMSO]
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Fig. 4 Correlation between 1-1 complex formation
constants (8;/mol™" dm®) of the sodium ion
in acetylacetone with other solvents (S) and
the donor number'® of S (AN : acetonitrile)
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1 : methanol; 2: water; 3: DMF; 4: DMA;
5: DMSO (—) : log Bi(Na™ : Hacac) =log
Ai(Na¥: AN). 8, : 1-1 complex formation con-
stants (in mol 'dm®) of the sodium ion in
Hacac with- other solvents obtained in this
work and those in AN reported in the
literature®®. k

log 8(Na™ : AN)

Overall complex formation constants (8,/mol™ " dm®") of the sodium ion in acetylacetone with other

Table 1
donor solvents at 298 K1
Complexing solvent A B, Bs
Acetonitrile 0.5%£0.03
(0.4%0.02)
Acetone 1.1+0.01 0.7£0.03
(1.5£0.09)
Water 2.11+0.1 14.2£0.1
Methanol 2.1+0.08
Ethanol 1.3%+0.01 0.710.01
N,N-Dimethylformamide 9.5+0.2 20.4£1.5 48.4%2.7
, (8.940.2 17.2+1.3 32.9+2.5)
N,N-Dimethylacetamide 13.910.5 49.1%£5.4 156 £ 14
(13.1%0.3 61.3+3.8 137£10)
Dimethyl sulfoxide 19.2+1.3 72.81+12.2 392+24

Values in parentheses were obtained in the solution of 0.001 mol dm™ % NaClO, with 0.01 mol dm™® Bu,NCIO,
p

{see Eq. (4) in the text} .
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Fig. 6 Distribution of species of the sodium ion in

mixtures of acetylacetone with a small

amount of dimethyl sulfoxide
Tonic species Nat* (DMSO),: O, n=0; @, n=
1; @, n=2; M, n=3
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Table 2 Potentiometric determination of standard molar Gibbs free energies of transfer (AGL.) of the sodium ion
from acetylacetone to other solvents (S) on the negligible liquid junction assumption

Solvent E/ AE/  AE(corr)/ AG/ AE*/ AE*/  AE*(corr)/ AG:*/
mV mV mV kJ mol mV mV mV kJ mol

Hacac —293.8 0 0 0 —301.6 0 0 0
AN' —277.9 15.9 14.5 1.4 —283.7 17.9 15.8 1.5
Acetone —371.1 —77.3 ~75.1 —173 —379.3 =777 —72.4 —7.0
Water — — — — —508.3  —206.7 —213.0 —20.6
MeOH —384.5 —90.7 ~92.3 —8.9 —393.8 —92.2 —95.2 —9.2
EtOH —336.1 —42.3 —41.0 —4.0 —342.2 —40.6 —38.6 —3.7
DMF —597.9  —304.1 —305.4 ~29.5 —601.0  —299.4  —302.8 —29.2
DMA —637.8  —344.0 = —345.8 —33.4 —639.6  —338.0  —342.2 —33.0
DMSO —651.1  —357.3  —358.9 —34.6 —654.9  —353.3 —358.3 —34.6

E : emf of the cell Ag/0.01 mol dm™* AgClO, (Hacac)//0.1 mol dm™* Et,N-picrate (Hacac)//0.001 mol dm 3
NaClO, (S)/Na™ ion-sensitive glass electrode at 298 K. AE : E (S)— E (Hacac). AE (corr.) : corrected for the
activity of sodium ion by using the Debye-Hiickel equation (ion-size parameter a=5X 107 °m). AG, : FAE
(corr.). * : with 0.01 mol dm ™2 Bu,NClO, in the sample solution of cell (with 0.075 mol dm 2 NH,CI and 0.083
mol dm™? NH; for S=water). t The AG;, (Nat : Hacac—AN) value obtained here seems to be over estimated;

it was evaluated to be —3.8 kJ mol™ ' by polarography

11)
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Fig. 7 Correlation between Gibbs free energies of
transfer (AG,,) of the sodium ion from
acetylacetone to other solvents (S) and sol-
vent basicity

Solvents S: 1, AN; 2, acetone; 3, water; 4,
methanol; 5, ethanol; 6, DMF; 7, DMA; 8,
DMSO. Solvent basicity : @, donor number'®
(DN); O, coordination power’? (CP); O,
cation-solvating tendency®® (B)
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Fig. 8 Comparison of Gibbs free energies of trans-

fer (AGy,) of the sodium ion obtained in this
work with those reported in the literature

% : this work (by potentiometry using a Na*
ion-sensitive glass electrode on the negligible
liquid junction assumption). 3%k : (O) refer-
ences ! and 25 (based on the tetraphenylarso-
nium tetraphenylborate assumption). %%% :
(&) this work (by dc polarography on the neg-
ligible liquid junction assumption); (@) this
work (by dc polarography on the ferrocene/fer-
ricinium assumption). Solvents S: 1, DMSO;
2, DMA; 3, DMF; 4, water; 5, methanol; 6,
ethanol; 7, AN; 8, acetone. Slope=1
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FoZOHHRTELDEHLIN, 44V EE—E
BN & 5 BIEA T & OB R BB /s
EORBRERLTIVLDETE. FOLE, BITT
ANF-BRATEA LN B.

AG;.(Na%t : Hacac—=S)=—RT In B, (7)

L, B3, BESOBREZEBEIRCERLILESE
DOREERERTH S, ZDfEIE, Hacac DEBEHERZ 1
& U, Hacac & S DREAVPHEHENTH S EIRET L
W, ko z B, (mol ™" dm®) & S DEE p (g
cm ™ 3) &U%)D’EEM(gmol_l) HHEET R EN
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Table 3 Observed and calculated values of Gibbs free energies of transfer (AGy,) of the sodium ion from acetyl-
acetone to other solvents (S) at 298 K

Solvent n mol Lgr,;/d m B’ Al?](r(nf;llg') / Ak(jt;[(]%tl)i' 2/
AN 1 0.5 1.0X 10 —5.7 —38%*
Acetone 2 0.7 1.2X 102 —11.9 —7.3
Water 2 1.4X10 4.3X10* —926.5 —20.6
MeOH 1 2.1 5.1X10 —9.7 -89
EtOH 2 0.7 1.9X10? —13.0 —4.0
DMF 3 48X10 1.1X10° —28.6 —29.5
DMA 3 1.6X10% 1.9X10° —30.2 —33.4
DMSO 3 3.9 102 1.1X10°8 : —34.4 —34.6

n : maximum coordination number. 8, and £,” : overall complex formation constants of Na™ ion in Hacac with S.
The concentration of S is expressed in moldm™ 2 for 8, and in volume fraction for 8,. AG;, (calc.) : calculated
values on the coordination model; AGy, (calc.)=—RT In £,". AG;, (obs.) : observed values by potentiometry. * :
observed value by polarography.
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Sodium ion-solvent complexing and ion transfer
between solvents (Ion-solvent interactions in acetyl-
acetone VIII). Ikko Sakamoro™ and Satoshi Oxazaki™*
(*Department of Chemistry, Faculty of Education, Shi-
mane University, 1060, Nishikawatsucho, Matsue-shi,
Shimane 690; **Department of Chemistry, Faculty of
Science, Kyoto University, Kitashirakawa-oiwakecho,
Sakyo-ku, Kyoto-shi, Kyoto 606)

The complex formation constants of sodium ion in
acetylacetone (2,4-pentanedione, Hacac) with other sol-
vents have been determined at 298 K by potentiometry
using a sodium ion-sensitive glass electrode. The com-
plexing solvents used were acetonitrile (AN), acetone
(AC), water, methanol (MeOH), ethanol (EtOH), N ,N-
dimethylformamide  (DMF), N,N-dimethylacetamide
(DMA) and dimethy! sulfoxide (DMSO). The Gibbs
free energies of transfer of sodium ion from Hacac to
these solvents have also been determined assuming the li-
quid junction potential as negligible. The stability of
sodium ion increases, in general, with solvent basicity in
the following order : Hacac< AN, EtOH<AC, MeOH<
water< DMF<DMA, DMSO. As for complex forming,
only one solvent molecule of AN and MeOH solvated the
sodium ion in Hacac. Mono- and di-solvated sodium
ions were formed for AC, water and EtOH.
Tri-solvated species were also detected for DMF, DMA
and DMSO. In general, the degree of complexing of the
sodium ion increases with solvent basicity. The quan-
titative correlation between the sodium ion-solvent com-
plexing and the ion transfer is discussed on the basis of
the coordination model of ionic solvation.
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