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Abstract : Some recent advances in non-aqueous ion-solvent interactions are reviewed.
In this connection, some fundamental aspects are also discussed. Contents of this paper
are as follows.
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Table 1. Single ion free energies of transfer

from water to non-aqueous solvents
at 25°C [17]

Ton MeOH PC AN DMF DMSO
Lit 09 57 — -23 -35
Na* 2.0 3.6 33 -25 —3.3
K* 2.4 1.4 1.9 -23 -29
Rb* 2.4 —0.7 1.6 —-24 -26
Cs* 2.3 —29 — -22 —-3.0
Ag* 1.8 3.8 —-52 —4.1 -8.0
Et,N+ 0.2 — —2.1 -20 -3.0
Buy,N* 5.2 — 7.9 —6.8 -
Ph,Ast* -5.6 -85 -7.8 -9.1 -8.8
F- 3.9 - = — —
c1- 3.0 9.0 — 11.0 9.2
Br- 2.7 7.1 7.6 7.2 6.1
I 1.6 4.2 45 4.5 2.2
Cl10,” 1.4 —  — 01 —03
SCN- 1.4 -  — 39 —
BPh, -5.6 -85 —-7.8 -9.1 88

Molar scale, values in kcal mol-!,

Ph,;AsBPh, assumption was used :
oG’ (PhyAs*) = aGY, (BPh,).
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Table 2. Dissociation constants (Kus /mol dm=3) of some sulfonic acids
in dipolar aprotic solvents at 25°C [19]

pKua in solvents

Acid
DMSO DMA DMF BuN» PC  sulfolane AN
CF3;SO;H *a,0 0.682 *a 3.58a 1.31a 3.4» 2.60a
0.59¢ 2.2n
FSO;H 1.01e 1.082 1.59 5.6¢ 4.66a 3.3r 3.38a
2.124 2.0e
CH,C,H,SO:H 0.90n 1.94e 2.23a 6.89a 6.382 8.01a
2.55¢d
2.59i
CH,;SO;H 1.56e 2.632 2.98a 6.940 7.21a 8.362
1.760 8.27: 10.0¢
1.63¢
HC10, 1.03¢ 0.782 *a 2.67¢ *a 2.1 1.57a
0.52¢ 1.30 3.0 *L

*m

* Completely dissociated. « Ref. 20. » Ref, 21. ¢ Ref. 22, ¢ Ref, 23, ¢ Ref, 24, s Ref. 25.
9 Ref, 26, * n-butyronitrile ? Ref, 27, 7 Ref. 28, # Ref. 29, ! Ref, 30. m Ref. 31. » Ref. 32.

o Ref. 33.
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Table 3. Ion association constants (mol-! dm3) in AN at 25°C by conductometrye [19]

Cation Anion
C10,~ CF3S0;~ BF,~ PFy~ BPh,”
® (e) (@ (e) ®) (e) (&) (f) @ @ (@
Li* 4 20 114
Nat* 7 21 9 16 28 48 14 * 4
K+ 8 28 13 28 27 56 21 * 2
Rb* 16 32 19 31 28 60 25 * 7
Cs* 27 35 20 34 27 2 19
Et,N* 7 14 1 4
Bu,N* 3 12 4 1 6
() ()
Mg+ 17 1900
Caz+ 272 4250
Sr2+ 319 2050
Ba?+ 482 1770
Niz* 85 68
Cu?* 97 244
Zn* 44 317
Pb2* 402 2280
Mn2+ 103 1190

* Completely dissociated.

b Ref, 34,

a Values for 1:1 ion-pair formation,
¢ Ref. 36. @ Ref. 37. ¢ Ref. 38. s Ref. 39. ¢ Ref, 40, » Ref. 35,
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VAWK BR A L AN KB TIXBREOBEND %
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ICANWT EITIMATA o NORERERE/NE {8
T3, ¥1z, Thb O PC AN i, HA+
AT=—HA,” Dk i srxeBRRGIcE > T HA, %
HWRT 55, ThICDWTIET £ Fv7 & b OB
ELEOETHRT 5. 88, 74 ol (FSO;H)
bHMBTIED 205, TOBRIIIKDBRBITN T 2E5E
PRI TN S,

TDEAT Y 7vF a2y 20k BIZEHER
IS 5 &#@D Bronsted BO—D2THhbh, ULhd
#HE (bp=162°C) ILX W ABIBERT A & BT &
%, ¥72, ZOT SN RERDIZDICEBIERRROSS
CHANTEBERF M7 v 07 0 ® =0 AEOSH

PHESEOWMO TN TH 2, EHEHIZDMF 35
F O AN BT b Y 7bd o x 2 v 20k BiR
DR 2 BRBEREIC L - TREL { 1R 34,39 |
2o ZTDFER, DMF fATlE, MY 7Faxzr
RIS EIERERE & ARICERBEL QB T L,
—JF, p- MVZ U RNWKRVEBIRE 2 &2 AV U EEIRIC
BH7s ) DBREA A L RABBHLNETE (14 0&
BEHIBE % 10 ~1000 mol-! dm® TH-1z) »ib
Mol HEMDIRN AN T4 +oaBik 3 bic
PEEEIC /s 553, Table 3 iIKiRUz& 5iT, MY 70 ®m
A a2k BRI BIERBIE S AU {REREE U
TEHL TS, Fiz, XHBMERA 4 EUTER
BT M7 7NVF RO F L RVANFH T VT 0 Y R
142 REREA AL THAT b5,

2.3 MUITNFAXEZVRANARVBRIEXISERE

COMPERICTHEREE UTHWIBA DR
Wit~ %, Table 4 |t DMF, AN 8085 h5 & K
75y (THF) it 833 7 bSF7 vF 7=
U LHEDERE & ERIEEERR U, CFS0;7, C10,~
BLO BFy OWThOBETHEREL UTHET
NEFAEDHRRE L2 T3, Table 5 jTRIN T



12

1 & IO EERICET 3%

Table 4, Solubilities and electrolytic conductivities of tetraalkylammonium salts at 25°C [197]

Solubility?/mol dm—2

Electrolytic conductivity/S cm™!

Electrolyte — .
' DMF_ AN TaR  Coreton DMEAN . THE
Et,NC10, 1.00  1.13 <0.01 0.6 1.92 3.85
0.1¢ 0.538 1.08
0.05: 0.298 0.610
Et,NBF,» 1.24  1.69 <0.01 1.0 2.63 5.56
_ 0.5 1.85 3.70
Et,NCF;S0;7 2.58 3.10 0.08 1.0 2.11 4.24
0.5 1.59 3.06
0.2 0.826 1.74
0.1 0.488 1.04
0.05 0.289 0.607
Et,NCH,C;H, SOy 0.1 0.360 0.807
0.05 0.211 0.477
Et,NCH,S0;¢ 0.1 0.417 0.923
0.05 0.239 0.526
Et,NBr? 0.19 0.37 <0.01
Bu,NC10,? 2.29  2.05 1.48 1.0 0.271
0.6 1.30 2.70
0.5 1.22 2.56 0.172
0.1 0.459 0.928
0.057 0.259 0.530
Bu,NBF 2.3¢  2.21 2.02 1.0 1.45 3.23 0.268
0.5 1.39 3.03 0.170
Bu,NCF;S0,7 2.25  2.50 2.35 1.0 1.08 2.30 0.311
‘ 0.5 1.12 2.25 0.209
0.2 0.685 1.30 0.078
0.1 0.407 0.826 0.032
0.057 0.247 0.525
Bu,NBr? 1.57  1.99 0.14 0.6 0.943 2.08
0.5 0.909 2.08

a Values at 28°C for trifluoromethanesulfonates, ® Ref, 41, ¢ Ref, 34.

d Ref, 42, ¢ Tetrahydrofuran, f Ref. 35,

%mix, DMF ¢ AN Hucis\ O FKEERS X O
BILALERE AV E X ORI HBREROBETHE
ITBNEHTH 5.

iz, DMF & AN FiTO7vn Y, Fh )18
BLOBBEE A AR EOERK~7 057 7&8TO
ME335) 2RY . ¥9, DMF mTILEIERBIEE b
Y7t u i Rk CEBIEOWTh R X HERE &
UTHEEA A v ORFEENMPRIGO IOV THE
LorERBBE LNz, —75, AN T Lit & 2 i
B4 4o OYFBASEERBERICHRT M) 707
B X2y AE CERERThIMCAIICEITUIZ. Bl
HiTHIZE ST, MY TvF R AL ANK B

DMF i CilBIHRERIE & FBHICEAMREEL TV 2 25,
AN FTIBIERBE X D 3201 40 E LTV
CEMEERFRERTH 5. BRAIKHEET 8B 4>
DA F DSBS CEICEBE A & ICREEL 20D
bEITINIGEARITE, 1400 MX 2851+
COMEM Ey)ux &4 40 IEER Kux & OB
RIEHTHR I 540,
(E1/2)ux=Ea® — (0.059/n)log falux/Ia
—(0.059/n)log {1/fx + Kyx(1 —asx)Coxfx/fux} (5)

12120, CCTRAACHELTIRIDEDIE T »3E
ATHY, osx, Cox BITHERE SX OZAELBE
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Table 5. Limiting anodic and cathodic potentials for tetraalkylammonium
salts in DMF and AN [19]

Pt electrode Hg electrode

Electrolyte
DMF AN DMF AN

Et,NC10, 1.14~—2.51a 2.1~—2.4a —0.09~—3.292 0.28~—3.232
1.6 ~=2.10 0.5 ~—3.00 0.6 ~—2.8

Et,NCF;SO, 1.17~—2.492 2.3~—2.3¢ —0.09~—3.292 0.28~—3.23¢
1.8 ~—2.24 3.0~—2.5¢ ~—2.65d ~—2.81

Et,NBF, * ~—2.72¢ ~—2.70¢

Bu,NC10, 1.5 ~—2.50 —0.08~—3.43¢ 0.28~—3.23¢
0.5 ~—3.00 ~=2.77¢

Bu,NCF;3S0; 1.8 ~—-2.32 3.0~—-2.14 —0.08~—3.43 0.28~—3.232
~—2.81 ~—2.7d

Bu,NBF, * ~—2.80¢ ~—2.74¢

o Ref. 34 and 35, Values for 0.05 mol dm-3 solution in V vs, Ag/Ag* (0.1 mol dm-3).

v Ref, 43. Values in V vs. SCE, ¢ Ref, 41, Values for 0.5 mol dm-3 solution in V vs. SCE.

@ Ref, 42, Values in V vs, Ag/AgCl. * Following values of limiting anodic potentials have
been given in AN ; +2.48 for C10,7,+2.91 for BF,”, and+3.02 V vs, Ag/Ag+ (0.01 mol
dm-3) for PF,;-, See Ref. 44 and 45.

Table 6. d.c. Polarographic reduction of metal ions in AN [34, 35]

Supporting o —Ei2  Slope © (aE12obs. @ (aEi1p)cale. © KMcF,80, 7 Kmcio, 7
electrolyte @) /V vs, Ag/Ag+ /mV mV /mV /mol-!dm?® /mol-! dm?
Et,NCF;S0, Li* 2.320 63 20 26 114 4
Na* 2.210 59 5 8 28 7
K* 2.310 58 0 6 27 8
Rb* 2.320 57 0 5 28 16
Cs* 2.300 57 0 0 27 27
Bu,NCF;S0; Ca?* 2.235 50 45 — 4250 270
Sre+ 2.147 40 32 — 2050 320
Ba?* 1.995 29 20 15 1770 480
Zn?+ 1.035 43 20 — 320 44
Pp2+ 0.417 30 27 18 2280 400
Mn?* 1.510 30 30 22 1190 100
NaCF;S0;  Zn%* 0.985 31 13 11
Mn?* 1.485 32 22 21

@ 0.05 mol dm~% & 1x10-2 mol dm=? ¢) Slope of —E vs. log [i/(ia—i)] plot
d) Values obtained polarographically ) Values calculated by eqn. (5).
aE12=(E12)MCI0, —(E1/2)MCF;S0; /) 1:1 Ion-pair formation constant
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{3038, BIEFREREE OZEIEEMTUIRIBITZ S 720
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FUZF a2 RNEKY BRA A0S, 1) BORE
BLOMKDBCH U T HEBICEETHA &, 2) B
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3.1 ZEBFATEIVBEOHE

FTEFUT LRy (2,4-RvE220F0) 13 45
NTNBLICHZLDERBA AL ERERFLV— N2
B’ %0 DY, SHLHICHNTIZEE 2 HEE
EUTIEAFHEINTERZY, 7EF V7 b 2ES
{LERHEDTZD DEEE UTHWARAIZIZEA LR
T, BEEUTOREIIRFHEDOI T ThoTro Z
FICNETTEF V7 & by 3 1 — 1 BIER
BB L OBEBOMELEICONT, & U TESREESR
e BNEREICK 2B 2T->TEz, UTRitzhbdod
ER2HEL, MAEHTOMRELHELEHS, 7
FUT £ b UIBERITET 54 A o — RIS EER OR
HRESIT U,

Table 7 iIL7 £ F V7 & h v BLOLUTOEZ K &
BEURLE OO OBEOHER R, 7 vF V7 £ bk
B- o hrD—2ThHH, OXDL 5y b D)-=
—~VADEEBEET 5.

H: H
HaC\/C\/CHa HSC\/C\\\/CHS
C C C C
o o (6)

O O (0] (0]
i‘\H/
@ an

WIBEED & XTI T e F U7 € b DRB0%IS T 7 — v
BEEL 12555, ChIRATFRAERKALTOS, TD
THEBIELT, 72F V7 € br® pKafl (Ka 137K
BRPITR 2 BREEEER) 138.9 TH B, Table7 iz
RUIZEIICT®F L7 € b DEBRI7 €+, =
2 =—WBIOIMYVIVFoz i —vEhbREL,
PKa {7 VI — VI HININWT ED, TEF T
v MOLERERH A REMREE IS L BREBETH S
SEFHITBIENTE S,

3.2 PEFALPEIVADAF VEEFEE

FUHIEBEET NI TALELTUES Y LEDE
SEERPHET S &, Fig. LIWRULIZX S IcEFD A
T EEVBRDLNIZDT, (1RICFET Shedlovsky53)
DBIRA %2 - T, MEARICBI Z2EMED € VER
BEE A &1 42 ZBTEH Ka 2kdTz (¢TSS
i3 Shedlovsky DEITH %),

1/(4S) =1/ Ap+CASE 2K A / Ag? (7
BoNIHEED—L2T7 2 o BIO MY 70t 0T 4
7 —VAROXEME S & 31z Table 8t R L1z, Table 8
IORDE ST EMbh 5,

WA F VESEHOBA T ViKEEMS MBI & :

TEFNVT LIy, T oBIRAN) 7002
7 = VDNWTNOBEEAITIBNTY, Tvdy U HEHED
14 U EEERIZ, B4 A0 ORERERNARELKBIE
EWPUTNE, COEEIX, ThdDOBEEFRD A A
REICELT, B4 4t 80 Bz 20 Tss
FRITEVIRE TR A A > & HEERATACE2 R U T
WEBe EBE, A REATERO EH B B Uiz
Bjerrum &5 12X > T7 & F v 7 & b o HD LiClO;
(Ka=147) & NaClO; (Ka=108) it TA 4> ED
FomHEl A RS &, ThTh2. 58X 2.8A &
Is o THEGRA A HROF (3.00555 08 3.354) kb

Table 7. Physical properties of acetylacetone [47]

Acetylacetone[48] Acetone[49]

Ethanol[50] 2, 2, 2-Trifluoroethanol[50]

Boiling point/°C at

760mmHg 140.5 56.2 78.4 73.75

Refractive index 1.45178(18.5°C) 1.3590(20°C) 1.360 1.291

Density/g cm-3 0.9753 0.7850 0.78511 1.3826

Viscosity /cPt 0.694517] 0.3040 1.084 1.78

Dielectric Constant  27.20% 20.70 24.33 26.67
25.7(20°C)

pKa in water 8.9[52] — 15.9 12.37

Values at 25°C unless otherwise stated,
*this work, 11cP=103N m™2 s
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Fig. 1. A vs, C1/2 plots for tetraalkylammo-
nium and alkali metal salts in acetylacetone
at 25°C [47]

1) : Et,NC10,, (2): Pr,NC10,, (3): Bu,NC10,,
(4) : i-PensBuNBPhy, (5) : LiC10,, (6) : NaC10,,
(---) : the limiting Onsager equation,
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K= (47N/1000){|Z: Z; | e2/(DKT)}* Q(b)
b
Q)= L z-texp(z)dx ®

b=1|Z: Z; |?/(aDFT) J
q=1Z: Z; |e?/(2DET)
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bLDEMICRS &, #ilR, TEFUT 2 L OEA

Table 8. Limiting molar conductivities (4o/S cm? mol-!) and ion association
constants (Ka/mol-! dm?) of some 1—1 electrolytes in acetylacetone,
acetone and 2, 2, 2-trifluoroethanol [547]

Salt Acetylacetone Acetone[55, 56 2, 2, 2-trifluorothanol[50]

Ao Ka Ao A Ao Ka
X=CF,S0;~ X=C10,~ X=C1"

LiX 76.8 1090 — 1680 26.7 193
NaX 77.4 262 195.8 641 — -
KX 80.1 242 197.1 307 33.2 121
CsX 82.1 227 201.9 223 37.0 77
Bu,NC1 65.3 38 187.6 430 29.6 22
Bu,NBr 69.9 46 185.3 285 31.0 20
Bu,NI 71.9 41 184.4 155 33.1 22
Bu,NC10, 77.9 33 184.8 90 34.7 28
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Fig. 2. Anion dependence of ion association

constants (Ka ) of tetrabutylammonium salts
in acetylacetone (H-AA), acetone and 2,2 2-
trifluoroethanol (TFE) at 25°C [47]

(@) : H-AA, (®) : acetone [56], (O) : TFE
[507, 1):C17, (2): Br™, (3): I, (4) : C104~
(---) : Ka values in H-AA and TFE predicted
by the Bjerrum equation using & values in
acetone,
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Fig. 3. log Kaof Bu/NCl vs. 1/D plots in

acetylacetone and other solvents [54] (D=di-
electric constant)

(1) : acetylacetone, (2) : acetone,

(3) : methyl ethyl ketone,

(4) : methyl isobutyl ketone,

(5) : 2, 2, 2-trifluoroethanol,

(6) : ethanol, (7) : 1-propanol,

(8) : 1-butanol
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Fig. 4. Potential of a glass electrode vs
log (Ca /Cs) plots for some weak acids in
acetylacetone [617]

(D H-DCBS+EtyN-DCBS: (B H-PTS+BusN-PTS;

O H-Pic+Et4N-Pic; @ H-MS+BuN-MS;
E=potential of the glass electrode vs Ag/0.05 mol dm-3
AgClOy4, 0.05 mol dm™3 BuyNClO4// 0.1mol dm™3
BusNCIOs;
DCBS=2,5-dichlorobenzenesulfonate; PTS=p-toluene-
sulfonate: Pic=picrate: MS=methanesulfonate; Ca=
concentration of weak acid (ca 10~ to 102 mol dm™%);
Cs=concentration of tetraalkylammonium salt (ca
10-3 mol dm-3)
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Fig. 5. Calibration plot of a glass electrode
in acetylacetone [617]
(Abbreviations and symbols are the same
as in Fig, 4.)
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Table 9. pKHA and KHa,~ values of some weak acids in acetylacetone,
propylene carbonate and acetonitrile [61]

Acetylacetone Propylene carbonate[277] Acetonitrile[ 277
D=27.20 D=64.4 =35.95
2, 5-Dichlero-. 5.1 ( 600) 4.9 (470 6.2 ( 300)
p-Toluenesulfonic 6.7 (1000) 6.42 (17002 ) 8.0a ( 7902 )
Picric 7.7 ( ~0) 9.2 ( ~0) 11.0 ( ~2)
Methanesulfonic 7.9 (7800) 8.3 (2500) 10.1  (3000)

o Ref, 20, Values in parentheses for KHaA,~. D=dilectric constant,
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