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Absolute Hydration Enthalpies of lons

Minoru Sakiyama and Yatsuhisa Nagano

A critical review on absolute hydration enthalpies of jons derived by various methods is

presented. Definitions on absolute and conventional hydration enthalpies are presented.

Values based on the TATB extrathermodynamic hypothesis, those from electrochemical

methods. those from gas phase thermodynamic measurements on ion-water molecule associa-

tion, those from computer simulations, and those based on a physical model for hydrated ion

clusters, are discussed. Thermochemical studies on tetra-alkylammonium halides carried out

by the authors are briefly summarized in relation to the present topic.
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Fig. 3 Hydration process of an ion in the gas
phase. The closed and open circles indicate
ions and water molecules, respectively.
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Fig. 4 Stepwise dissociation energies of

aqueous ion clusters.
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Table 3 Hydration enthalpies of the outer shells of the cluster.

AngaH (conv) AH%%u (n)#/kd mol™?

Ion o

kd mol =1 n=2 n=3 n=4 n=5 n=6
Na* 687 787 870 936 994 1046 1090
K* 770 845 912e 967e  1017e  1062e 1103
Rb* 795 862e 918e 969e  1016e  1060e  (1102)e%
Cs* 820 877e 930e 976e 1021  (1064)e®
Ci- — 1470 —1408 —1354 —1305 —1260 —1221 —1184
Br- - 1439 —1390 —1342 —1294 —1248 —1203 ~—1160 e
I~ ~1394 —135le —1311e —1273e —1234e —1196e (~1159)e®
—ApaHO(H*)® /kJ mol™! 1106 1116 1122 1127 1129 1131

a) AH%u () =AnaH®(conv) -ZAH,, Lne

b) The values in parentheses are the extrapolated values from AH%-( ,of lower n.
c) The averages were determined by using the values marked with closed circles.

AnyaH (HT)
=— [AH 0w ! M*, w)—AH (X, w1/ 2
(5. 7)
L,

Table 3127 AANEEBAA L aT L A 2D
wE1~6 L7550 AH o (0) DIRE 5T, 0
FE LA BIZONT A A ORI & 2 EIEEC
U,é“4ﬁ/mﬁaﬂ0“f“<¥&#%#mbﬂ
3, EHO@MDEEE - T AnyaH (HY) 2 HHL 72
LA, w<6NHHTIZE f"‘vb%%)#ﬁ‘imﬁz’}‘{kirﬁmf
o Tnh, Zig, B LT WA UEEA A
7527*knu&/4ﬁz7729—Tﬁ,%%@
19 A Xk E VDT, AH o () DEFREEEE:
TALX—IES AL O EL LN D, TOEHEH
Ed D7, 4 A4 DL E LIRS & ko ® LK
EOHIE 77 A —DIRMEE L, 77 AF %IRRT
H b EHEL TOREL KD, Born €T b, €D
752 —kKEE Lz EOBENEEL L LT~
AH o (w) %> b, Table 412 AH () 75
AH o (w) #F LSl 2lidmd, ZOREICL T
EwZrEIRELIZECBT S, I &I
B SN D ApeH(HY) 13, w=4~6 T—EEx
H, —1138 kJ-mol *Th 5. (Klots (& —1136k]-mol*
LT WD)

6. EFAL0(MC)E, SF8H¥(MD)E
12 & BKFURBEDHTE

Lo, KRIA F Y 7T 27— DB —

Table 4 Hydration enthalpies of the outer shells
of the cluster corrected for electrostatic

contribution.

AHOOUt(”’) vA[JOel (n:)a)
lon kd mol"‘

T4 n=5 n=6 |
Na* 1230 1263 1293
K* 12418  1271e 1300e
Rb* 12368  1266e <1296>-?
Cs* 1234e (1265)e®
Cl- —1052 1024 —997
Br- —1045 —1010 —976e ¢
I- —1038e —1009e (~980)e ¥
—ApgeHO(HH/kJ mol™' 1137 1138 1138 ;

a) The values of AHY, (') were evaluated by
using the spherical Born model.

b) The values in parentheses are the extrapo-
lated values.

¢) The averages were determined by using the
values marked with closed circles.
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Table 5 Calculated hydration energies of ions by
the Monte Carlo simulation.®
lon Li* Na* F~ CI-
(Esa+E )"/ kdmol ' —473 —402 —452 —280
<n>¢ 49 60 62 74
AH®S(obs.)¥/kd mol ™} —464 —406 —381¢—329¢)
cluster size !’ 5 6 6 7

(AE;+E;2/2)¥/kJ mol™t —36 —52 77 -8

E1z%/kJ mol ! —172 -238 —305 —402

a) Data were taken from ref (13), unless other-
wise stated. The symbols are similar to
those used 1n ref (13).

b) Total bond energies in the first hydration
shell.

c) Average numbers of water molecules in the
first hydration shell.

d) Total dissociation energies of the gas-phase
ion clusters.

e) From ref (4).

f) Numbers of water molecules in the clusters.

g) Hytration energies of the outside of the first
hydration shell.

h) Bond energies between the water molecules
in the first hydration shell and the outer one.
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