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Excess Enthalpies of Propanediol + Water Systems at 298.15 K

Yoshiyasu Matsumoto®.
Koichiro Nakanishi*

The molar excess enthalpies /I¥ for aqueous solutions of 1.2-propanediol (1.2-PD

Hidekazu Touhara*

and Nobuatsu Watanabe™

) and 1.3-propanediol

(1,3-PD) have been measured at 298.15 K over the whole concentration range by an isothermal dilution

calorimeter. All the solutions exhibit negative enthalpies ot mixing. The minimum value of Y for aqueous

solution of 1,2-PD is smaller than that of aqueous sotution of 1.3-PD. The curve of 1Y
tion of propanediol) for aqueous solution of 1.2-PD is highly skewed with sharp minimum at x,

inflections at v, =0.51

against vy (mole frac-
0.21 and

. The partial molar excess enthalpics of all the propunediols are almost constant in the

middle of the composition range. These results are interpreted qualitatively in terins of specific molecular

interactions in aqueous solution.
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Table I  Molar excess enthalpies and partial molar

excess enthalpies of 1,2-propanediol (1) + water (2)
at 298.15 K

x, HYT mol™ HE/J mol™ HE/T mol™
0.0161 —152.12 —-9035.43 -10.32
0.0363 —323.73 —7392.44 —47.86
0.0600 —487.54 —6125.77 —122.63
0.0856 —626.25 —4787.70 —227.18
0.1153 —-739.72 —3516.82 —368.36
0.1502 —821.16 —-2354.13 —~545.25
0.1840 —-861.31 —1512.30 —713.25
0.2091 —878.28 —1037.11 —829.10
0.2142 ~876.12 —954.58 —851.33
0.2239 —876.86 —808.71 —392.23
0.2386 —872.76 —614.92 —950.17
0.2588 —850.66 —396.91 —1022.50
0.2812 - 82553 ~211.92 —1090.74
0.3043 —800.15 —73.78 —1147.75
0.3284 - 775.07 23.59 —1192.64
(0.3526 - 718.28 82.91 —1223.12
0.3780 —720.40 113.05 —1240.32
0.4051 - 68958 118.43 —1243.65
0.1334 —657.70 103.86 —1233.01
0.1634 — 62468 74.95 —1209.41
0.4945 —589.35 38.50 —1175.86
0.5234 —555.37 4.11 — 114053
0.55341 —519.38 —27.07 —1103.85
0.5840 —482.76 ~52.31 —1070.66
0.6182 —448.38 —-7051 —1043.40
0.6549 —411.81 —77.95 —1030.64
0.6916 —372.27 —74.23 —1038.59
0.7294 —329.54 —b1.62 —1069.87
0.7722 — 282.37 —11.41 —1131.08
0.8181 — 229.89 —19.33 —1217.10
0.8659 —174.59 —2.40 —1306.71
(.9123 — 11553 1.38 —1358.69
0.9605 —51.22 2.53 —1323.27
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Table 2 Molar excess enthalpies and partial molar
excess enthalpies of I,3-propanediol (1)+ water (2)
at 298.15 K

z, HYJmol” H/Jmol™ HYEJ mol™
0.0123 —95.58 —7524.91 ~5.16
0.0273 —201.00 —6600.63 —23.70
0.0451 —317.08 —5641.87 —59.51
0.0656 —424.60 —4701.90 —114.31
0.0921 —538.46 —3710.23 —198.67
0.1115 —598.92 —3119.88 —265.40
0.1213 —616.64 —2859.143 —299.68
0.1328 —634.13 —2582.85 —339.91
0.1478  —653.47 —2264.86 —391.73
0.1584 —673.75 —2066.52 —427.56
0.1717  —695.39 —1845.35 —471.24
0.1861 —706.69 —1637.01 —516.59
0.2014 —717.87 —1446.86 —562.23
0.2120 —730.64 —1331.79 —592.20
0.2225 —-74357 —1229.80 —620.49
0.2345  —759.74 —1126.39 —651.10
0.2464 —776.11 —1036.19 —679.63
0.2567 —779.08 —966.96 —702.89
0.2649 —783.82 —891.60 —729.78
0.2781 —782.48 —845.65 —747.09
0.2832 —792.58 —820.66 —756.84
0.3236 —786.31 —664.16 —824.60
03709 —770.71 —545.47 —887.35
0.4271 —742.37 —450.75 —949.93
0.4921 —698.62 —364.94 —1022.88
05607  —645.35 —280.67 —1116.80
0.6333 —577.43 —194.60 —1244.68
0.7031 —489.23 —12051 —1394.07
0.7549 —420.68 —75.20 —1515.87
08075 —351.11 —40.01 —1641.25
0.8880 —216.24 —8.63 —1812.95
0.9382 —119.144 —1.32 —1887.64
09816 —34.48 0.01 —1915.35
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Fig. 1 Excess enthalpies at 298.15 K calculated from

equation (1) with the coefficients from table 3.
Solid curve, 1,2-propanediol (1)+ water (2); dashed
curve, 1,3-propanediol (1) + water (2).
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Table 3 Values of coefticients for equation (1), root

mean square deviations ¢ and root mean square
percentage deviations op

1,2-propanediol+H, 0 1,3-propanediol+H,0O

A, —2274.87 —2775.33
A, 2402.40 1354.93
A, ~3475.62 —1533.71
A, 2171.85 1631.88
A, ~ 832.60
Ag 212.24
o 8.90 10.63
op 1.62 1.79
@ o= {H ~H" calc.)|" /T mol v

b Opiﬂ(f~2d{H{/Hh(cal., /n,

1,2-PD+ H,O RIZ DWW T KBS L » T, = 0.18
PATF o 1, 2-PD ORI #itE 200010 HE pMERLRESE
FEMAT 208 15 KTHESNTWEY . KERER
HERE HOBRECONTRAMEZTHR (2,020
TAB8BIZENEL, ZOMKE ¢, 0051 F ER - T
Do TOR—EIENZ D KEVH, FOBBIZBOTRA
FHS , WERRE 2 EOFMBEmA T <, Enig: &
NN 51T a0 FORERIZ DN T
T STl

(Z,

4. % =

WFRORITBNT S HE< O CoHMR BRI b7 -
FRBNICHA L, TOHEMNEIH 13 1,3-PD < 1, 2-
PDTH 205 | HY| DM A &3 2 (max i d 2 h
LT DIRIF T m Sy o — A DR EBEMA~BE LT
5. L<IZ1,2-PD+H,0 R TS (TICE B
DHELTIHE 22 1.3-PD+H,0% L0/ &E< T
WDIDOBBOTEENTHD., 20X HiIcHkyE D HE
) ER ORI EEET DI ST UKD IR,
RERIZFBT D2BE - BN LERELARIZ YD X
BT OO RIETH D . T EICKRDESEIIOWT
BINETORARFBROUEFEZEBIC L L TARE
GO LRV ENER TR 2R nvonigk

’ [ A
~—ux_

THS95, L LA SKREBRERFUEMICERE TS
7o, KEEEBIU =410 F —([Z OO0 T LN {EWR

Hév(a;)élkﬁ{u'{k S A=Y/ ) (;JV‘J}{”EVC% P
HUKRE & OREVEIA R 707 2 ZATUT OB

vt KFROP A

vm iy o — U OB TIREE OB
FTHHE R WIS B, ZOmMEITBICE
HEKREDKFEEEOARIIGTBHILRTET, &L A
BHICLDKBEOLELL2b0LELOND ., &
ICARIRICB KD A 5 %242 1,2-PD LK EDFR
THAY | LD KREL 2, (max) BT e Ay Ud — D)
I OFEHBCH DL ) HITABEOLE LB RS
MECKB LT D40 EE L NS,

INSOMBE LD ST A0 Table 3ic 5
AN AROREEHNTHE L7V 2 — L
CROEZEAIZBIT Dy = v@E = sre—, HE,
HE #Table 1, 20F=4), LIWFNIIR L Fig 2 12X
ALz, R LT E LS8R ER ToME, HE>,
HF = % Table 41271 L. ZH SOMIZAIEME H®
z 2, B X LT7ey b LT 2, »0~AFLEE
HohfziéRS —F Lz, £/21,3-PD 20T D
HE™ Offid Nichols 512 & » THBBEE O £ 5
BoFREITF—F L.

04

H

0.6

I

0.8

0.2 1.0

*

Fig. 2 Partial molar excess enthalpies calculated by
differentiation of equation (1) at 298.15 K.
Solid curve, I,2-propanediol (1)+ water (2); dashed
curve, 1,3-propanediol (1) + water (2).

Table 4. Partial molar excess enthalpies of propanediol
(1)+ water (2) at infinite dilution (298.15 K)

MEEODILE L, FI2INTARLEROER I TITES

LEPIhD,
4.1 H° DHEBEEMEB>ELBE TSI

System HE %] mol™ HEF k] mol™
1,2-propanediol+H,0O —10.30 —1.16
[,3-propanediol+H,0 —8.37(—8.67)° —1.91
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