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Recent Studies of Heat of Solution by Direct Measurement

Satoshi Morimoto

The recent basic studies by means of heat of solution measurement are reviewed. In this
review, the solute-solvent interactions in organic non-electrolyte system under the normal

pressure and temperature are mainly described. Contents are follows:

1. accuracy and

standard systems, 2. the heat of solution of low molecular weight organic compounds, 3. the
heat of solution of polymer liquids, 4. contribution terms in the heat of solution datum,
5. relation between direct and indirect measurements and 6. recent solution calorimeters.
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Table 1. Heat of solution for benzene in water
at 298.15 K.
Calorimetric van't Hoff
A }1§oln -3 Héoln
k] mol™" kJmol™
242°
080-£0.12* ]
b 1.97+0.1
046 .
o 192403
208+004"
163°

Reid-Quickenden-Frank (1969)
Krishnan-Friedman (1969)
Bohon-Claussen (1951)
Wauchope-Haque (1972)
Ben-Naim (1973)
Gill-Nichols-Wadsé (1975)
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Table 2. Heat of solution of n-alkanol in water

at 298.15 K.
Calorimetric
Solute AHem
kJmol™
CH, (CH,),0H —041+004°
—900=£042°
—816+0.13°¢
CH, (CH,),0OH —7824005°
—808+042°
—636+025°
—824+008%%
CH, (CH,),0H —656+£0.13¢
—577+042°
—464+033°
2 Arnett-Kover-Carter (1969)
b Aveyard-Mitchell (1968)
¢ Aveyard-Lawrence (1964)
d Hill-White (1974)
€

Nishino-Morimoto-Nakamura (1979)
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Fig. 1 Chronological plot of the values, with
uncertainties, reported for the enthalpy of
the reaction of TRIS with aqueous hydro-
chloric acid, under the standard conditions
at 298.15 K.')
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AC, = Sl = A0 (2)
Cyr=Cptaly, (3)
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Fig. 2 Partial molar heat capacities Y

298.15 K plotted against the number n of
carbon atoms, in the amino acid side-chain.
Filled circles determined by A H(soln) method;
open circles by drop C,, calorimeter methodl!”)

1mmﬂmbn1mao%%mz,w8wKaﬁw5
O INFEGC B U nuk B Rasidsh o, 20
Fr e & 4 M%t@ﬁ@ﬁﬁmmu%nfwamcH—
CHy)p —XX@FEAMD TOAF L 170D Cp,
ADOWIR 2512 895407 JK 'mol ' TH D, X—
(CHy) p— X0 ¢~ (CH)n— XHOLBHTOZE DHER
REHICHTIEL DS B DENMENE SN T 5, 2.
T3/ B (Fig.2) TIRIABRIC & D ET9 JK  mol 8
RINTHED, COK3HEHPEE T TORKORANE

Cp . 1T

WM ST, KRB TOT I/ BOAGH 203 T
{LOIREEICIZIS N EILEMREINTI S,

Kilday i€ & % — o> % B i e 0k ~ OO vz ™
13, WA ORAEE T bR T A, ThIZE
D EAMTEMEE T — 2 OERIMOANE ST H O, 29815
KTOT7F=yv, Fiv, v hvv, 9700 AHen
1 &7 DB TORBEEIEN SO AC,, i, B&
O, TR OWE D S ORI AGm [EDSK SHLTH
BHo TS DERLRIEL TTable 3lmlLi, 2T T
HOT~ X3, BBREROBRANTE OB 5k S
BLUIThs, BEMBLEAHEBRRYOE,, HE

Table 3. Thermodynamic data in nucleic acid base - water system at 298.15K,

determined by Kilday.?®

A G;oln AH;oh

A S:oln

AC, Cy C,

Base P2 n2
kJmol™’ kJ mol™ JK 'mol™ JK 'mol™ JK 'mol™" JK 'mol™"
Adenine 1197+060* 3347100 721+ 39 787+104 147010 226=%11
Thymine 85 +08 2432070 531+ 36 106 £26 150405 256426
Cytosine 64 03* 272 +40 70 +£14 76 +21 — —
Uracil 90 +£04* 293 +12 681+ 42 57 %13 — —

a Seruggs-Achter-Ross (1972)
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Fig. 3 Excess enthalpies of solution AHZE (M)
at 298 K of trialkylphosphates (TPP: tri-n-
propyl-, TEP: triethyl- and TMP: trimethyl-
phosphates) in water-DMF mixed solvents
as a function of the mole fraction 1—x of
water,?”)
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Table 4. The enthalpic effect Hb (H,0O) of hydro-
phobic hydration and the number N of water
moiecules which cage a tetraalkylammonium
ion or a trialkylphosphate at 298 K.

. Solute %@— N
Et,NBr* —293 2
n-Pr,NBr?® —396 168
n -~ Bu, NBr*® —528 256
n~ Pen, NBr*” —580 344
Me, PO, *" —145 282
Et, PO, —265 267
n-Pr,PO,*" —347 30.3
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KOPOEEROTENIEEROEOTERL, 21
MRTFUSNBBRAOEHT 2 0¥ — 2T A S
QM¢«w%wéQuw OBAS) B L, E o

GOBEREICRBRTMS L1253 TN S, $EH
&LT,$U4/7%V/@HD%;J$UI%V/ﬁM
KOO THR BB A 52 2017, &<
ICRY) O AFu v oi4 2 (PDMS) — AR IZWUL T
BRATL—BLDRI 2F LV —IFHRE S SIZHEN
HIIRALOD, ZRSOBAILOIHIZ, 5 FR-OE
BRVE « A 572 AP A D 0 B IC S 206
B0, B O BB, HB0L, BAKO LS 2 v
PRI D F 0SB H I ORISR OB s &
7, & <IC Prigogine-Flory Ml D HLIEICAA ST
AT

B, CORBTE KRR ABANEIC L B0

— 143 —



womR #

RAHERA T A0 E Patterson-Dellmas 5 TH 59,
ESFHRAER S BT - TLh VIREERTOR S A Vb
DF:FFY (ordering) & 4 U id AL (orientation) I &
B LD o T2,

FERMRICE T, BEEOMENIER DS -FICEI
L7ciia - — IR R T ORI A Honl3, HEBHOHM

AHgn=X,,f (?;1 , P +gla,, o) )
A Hogin = A Hepern+ A Hass + A Hy . (8)
A = AHooia (1in)— A Hoorn (br)
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T, si3e7 AV S DOSFRHEMBEREOR, 73 1%
DFIEREICH T 2AEIER A SH 50 2 E8 GEHEMK
&0 OEMELER), v BLUOVIIRI XV b
O (B X UBH BV AR, YIRTER, Taed
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oLy OHIREBRICLILESK(PEPR), Thb. &
HINLEHFE, FRENR, AlC3 274V P ORIF
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LT, BiCiERRICEEIPORIFHE, E£72, C
KR7o L VICEDERIFRIETH D, =7 VHK
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LT ha v (2 2a4- YA FLvE Y, 2,2,4,66
—RYBAFANTE B L2 244,688~ ~T4
AFN s F BB LNT,

BERHR O —FiE LT Figd~6 27, Fig43
W E T 1 v O CEITHE OBFROIEIR S T
HhHo Efo, FighilX,s7' OMBRGEEERLI,
PDMS® PIBOAE & 7 A v PS4 D AHon {2, ¢
BT A VIR LTOEBYET A 8T 580 b
K&, T h Yy TREEEE S & ISR
ICHIMS ADSIET v H » TOBRITIET L h v irFo
REXICEIE LI, 18 EDOFIFRIEIRTTE U T
2RLTHS, CHICHM L, PBD®PEP(E:T5%) @
B/ A Y DO AENFDOAHan 3TV Y
OFEMBKEL, BET VA VBT LT A Hon O
KizAsshd, LA, PEPU BT 2udicEL L
AH B AU (AIC Fig 5 I To X, sT SR #77
To TOEDPFETODAHon DB ORI, FEBRFO

Fig. 4 AHg, at 298K for polymers in linear
(— ) and branched (----) alkanes vs. the
alkane carbon atom number n%%: () PDMS,
(@) PIB, (A) PBD, (@) PP and (v) PEP
(E: 75%).
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Fig. 5 X, s7' in polymer-alkane solvent systems
vs. the alkane carbon atom number 1.4
All symbols and lines are referred to Fig. 4.

Fig. 6 Ay for the nine polymers vs. the alkane
carbon number n. A positive Ay corresponds
to an order-breaker polymer.*®) The large
negative Ay values obtained for the copoly-
mers with n~C, and 7-Cj indicate the
ordering of the solvent by the low free volume
copolymers: ( x ) PBu-1, ((®) PP, () PDMS,
(@) PIB, (A) PBD, () PPmer, (4 ) PEP
(E: 33%), (W) PEP (E: 63%) and (%) PEP
(E: 75%).
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Table 5. Interaction enthalpies per CH, group
of n-alcohol in kJ mol=!.%7)
Cavity Dispersion Dipole Dipole-
Solvent induced 7.
term term dipole dipole
po
Diethylether 42 8.0 0.08 042
Cyclohexane 5.0 88
CCl, 54 88
CHCI, 6.3 96 0.08 0.29
THF 6.7 96 0.17 0.84
Pyridine 84 109 029 1.3
DMF 105 121 084 34
DMSO 126 134 0.84 38
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Fig. 7 Temperature variation of the solubility s
of benzene in water. The curve is calculated
from equation (20)'*). Solubility data by
Arnold et al.’® C; and by Frankset al.’), @,
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