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Solution Equilibria at High Pressure

Yoshihiro Taniguchi, Seiji Sawamura, Minoru Kato

Pressure like temperature is a fundamental thermodynamic parameter which must be

considered to understand natural phenomena.

Volumetric information is derived from the

pressure dependence of the Gibbs free energy in the equilibrium state. The solubilities of
hydrophobic compounds and conformational equilibria of rotational isomers and proteins
at high pressure are discussed from points of view of volume changes, partial molar vo-
lumes, and their isothermal compressibilities,all three important thermodynamic parameters

due to pressure
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Table 1 Volume change for the solution in
’ water at 298K and 0.1 MPa?®

AV
- Sol uti - ‘:r;{;gl‘l -

Benzene ~ 4.1
Toluene ~ 5.0
Ethylbenzene ~ 8.5
n-~Propylbenzene -85
0-Xylene -~ 4.3
m- Xylene — 4.4
p-Xylene - 5.1
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Isothermal compressibilities of the partial molar volume

in water at 298 K and 0.1 MPa.

B BY
No. Solute ——————— Ref. No. Solute ——————— Ref.
107* MPa™ 1074 MPa™
Non -ionic Solute

1 Benzene 4.1 3 24 Tetrahydrofurane 1.38 7
2 Toluene 4.0 3 25 Tetrahydropyran 1.61 7
3 Ethylbenzene —-1.6 3 26 1, 3-Dioxolane 1.59 7
4 n-Propylbenzene ~2.1 3 27 1, 3-Dioxane 1.71 7
5 o-Xylene 4.3 3 28 1, 3-Dioxepane 1.21 7
6 m-Xylene 4.2 3 29 1, 3, 5-Trioxane 0.86 7
7 p-Xylene 4.0 3 30 Dimethoxymethane 2.41 7
8 Methanol 3.37 7 31 Diethoxymethane 2.31 7
9  Ethanol 1.82 7 32 1, 2-Dimethoxyethane 1.65 7
10 n-Propanol 1.05 7

11 n-Butanol 0.60 7 Ionic Solute

12 n-Pentanol 0.46 7 33 NaCl -21.7 9
13 2-Butanol 0.68 7 - 34.7 10
14 3-Pentanol 0.65 7 34 Na,SO, —-12.4 9
15 3 -Hexanol 0.55 7 35 MgCl, — 6.6 9
16 ¢ -Pentanol 0.46 7 36 Me NBr 0.052 11
17 ¢ -Hexandl 0.41 7 37 Et NBr 0.006 11
18 ¢ -Heptanol 0.41 7 38 n-PryNBr - 0.13 11
19 2-Methoxyethanol 1.01 8 39 n-BuyNBr - 0.29 11
20 2-Ethoxyethanol 0.58 8 40  Glycine — 4.57 12
21  2-Propoxyethanol 0.37 8 41  a-Alanine — 3.32 12
22 2-Butoxyethanol 0.24 8 — 3.06 13
23  Trimethylene oxide 1.98 7 42 Valine — 2.36 13
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Table 3 Differences of partial molar volume between
conformational isomers in solutions.

T AV
Compound? solvent = Method — Ref.
K cm® mol™!
1, 2-Dichloroethane
(t-g)  n-hexane
20% v/v 294 Raman -3.5%0.2 21
(=38.3)
30% v/v 294 Raman —3.8+£0.2 21
(—=3.4)
1, 2-Dibromoethane
(t-g) 2 - methyl butane
10% v/v 294 Raman —4.5+0.5 21
acetnitrile (—1.4>
10% v/v 294 Raman —2.0%0.5 21
(—1.6)
1, 1, 2- Trichloroethane
(t-g) neat 318 IR —3.8+0.2 26
CS,, 10% 318 IR —-1.8+0.4 26
cyclopentane
90mol % 318 NMR —-3.8~-4.0 20
1, 1, 2, 2~Tetrachloroethane
(t-g) cyclopentane
50mol % 318 NMR —-2.4 20
Chloroacetone
(Ip-mp) CS,, 0.05M 298 IR -1.6+0.2 27
Chlorocyclohexane
(ee-aa) CS,, 0.12M 323 IR -1.9+40.1 28
trans -1, 4 -Dibromocyclohexane
(ee-aa) CS,, 012M 323 IR —3.8+£02 28
1 -Chloropropane
(t-g neat 293 Raman —-1.1%£02 22
1 - Bromopropane (0.25>
(t-g) neat 293 Raman -1.2%0.2 22
0.21)
n-Butane
(t-g) neat 298 Raman —1.0£0.2 24
neat 298 RISM -2 23
CCl, 298 RISM —4.7 23
neat 272.5 MC (NPT) —-0.4 29
n-Pentane neat
(tt-tg) 293 IR —-1.0£0.2 25
(tg-gg) 293 IR —1.1+0.4 25
(it -gg) 293 IR —21£04 25
n- Hexane neat
(ttt-gtt) 293 Raman - 11 30
(single g-double g) 293 Raman 0.0 30
n-Heptane neat
(tttt-tgtt ) 294 Raman —-1.8 31
(tttt-gttt, ggtt) 294 Raman - 1.3 31

a: (t~g) represents the transformation from the trans conformer to the gauche conformer,
(Ip-mp) from the less polar form to the more polar form, and (ee-aa) from the equa-
torial from to the axial form.
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Table 4 Pressure effect on the dihedral angle of molecules in solutions.
T dg/dp
C d — Method f.

ompoun K cHo 107 degree MPa~l  ©

1, 2- Dibromoethane (gauche) 294 Raman 2 34
1, 2-Dichrloroethane ( gauche) 294 Raman 2 34
Biphenyl 298 uv 3 35
308 NMR 2 36

293 IR 2 32

p- Terphenyl 293 IR 2 33
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Fig.3 Contours of constant free energy difference
AG, for chymotrypsinogen and ribonuciease

A.

Table 5 Thermodynamic transition parameters

for chymotrypsinoger and ribonu-
clase A at 273 K and 0.1 MPa*"
Parameter Chymotrypsinogen jliibonulease

AB/cm® 7 mol ™! —0.296 —0.195
AV/cm® mol™ - 14.3 - 48.6
Ad/cm® mol™ K™! 1.32 0.252
ASy/Jmol 1K™} — 950 52.3
ACy/mol ™t K™ 15.9 7.11
AGy/mol™? 10.6 10.5

BEMOHG T ANV F—HEER LI EDTH B, HD
FEERRBEBCRIEELR IO 5T, s
DRI & v/ EOEEEBIC RITTIERE - EHoR
BAEERT AIZTHONATRRBICED D TH b, &
ORI REHRE (AG>0) 2 A MR EHIKRE
(AGCK0) 2% LTWVWD, £/, AS=0DHFHIZAS>
0%, KHENEIAS<CO, AV=00LERAV 0, T
BAV> 02 XRLTWS, BEOCLESARZE (HiE)
A, AEMARIIERENA, i, FEHOEHAR
BEHEM®EEL TS, JERRI7 LT —FAEFEH
Ty = s OEWEY ORI S EESR, BEDE
EHICH O YRRV LT — FADOBREHERET,EEN
DEREESIERAICHEITTS (AS>0, AV <0)
DEFLTFE MY 7/ =4V TiE, 200MPatTD
BERASICBVTTy 2EEAIIEBITT S (AS>0,AV
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0, AV>0) RRTyv¥vBEELTUEa-FE b YT
SV BIUIATIT-EAMY, VERRI LT
ACFERORE) (AS>0, AVL0) 2RTHDIA b+
1A 7o 7Y RNk b, {RIBEYEICK T B IIOIEH
BURRIUT-FABLUOFE MY v/ = E&bic
FHDEREE BICTOEREER ERT S (ASCO,
AV<0)o BEBLI T, COEBTREBED EFITEE
> THEHERRMGIANE T EEEWRL T 5,
—#picy v BREAOERTERT 0T, B
ICPES RREZ LI B & 78 B Table 6 i3 REMITERIK

Table 6 Volume changes for protein denaturation

Protein AV/cm®mol™ T/K Ref.
Ribonuclease A — 46 297 40
d-Chymotrypsinogen - 31.2 296 41, 42
Lysozyme - 19.7 296 42
Metmyoglobin -~ 97 293 43
Flavodoxins —63 296 45
a-Chymotrypsin - 712 293 6
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0. 1 MPa COWSI A DERIEHE S, (N), B, (D) %
Hothzoh s,

v, (N)=v(N)[1-B,(N)p ] 12
vp(DY=0,(D)[1~- B (D)p ] 13
TCTo,(N) &2, (D) 13, 0.1MPa To k% e 2
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Table 7 Partial specific volumes and their
isothermal compressibilities of
random coil polymers and proteins
in water at 273 K and 0.1 MPa®’ .

Polymer v/ cm? g™’ Ié;f_? '
Hidrophilic
(Hydroxyethyl) cellulose 0.678 1.05
Poly (ethylene glycol ) 0.846 1.07
Poly (vinylpyrrolidone) 0.781 1.04
Hidrophilic
Dextran 0.600 0.23
Poly (vinyl alcohol) 0.750 0.65
lonic
Na-carboxymethyl cellulose  0.505 - 0.86
(0.001 M NaOH, pH 12.0)
Na-polymethacrylate 0.385 —0.48
(0.01 M HaOH, pH 12.0)
Native protein
Ribonuclease A 0.704 0.548
@~ Chymotrypsinogen 0.717 0.695
Lysozyme 0.712 0.773
B~Lactoglobulin 0.751 1.18
Metmyoglobin 0.747 1.31
Ovalbumin 0.746 1.21
Bovine serum albumin 0.735 1. 46
Hemoglobin 0.745 1.50
Denatured protein
Ribonuclease A 0.70
a-Chymotrypsinogen 0.85
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