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Enthalpy-of-mixing measurements HE are reported at
298.15 K for 12 binary muxtures formed by four propyl n-
alkanoates (methanoate, ethanoate, propanoate, and
butanoate) with three alkanols (propan-2-ol, butan-2-ol,
and 2-methylpropan-1-o0l). All the mixures are
endothermic.

1. INTRODUCTION

In continuation of our systematic experimental studies
on the excess molar enthalpies HE of mixtures
containing alkanoates (esters) and alkanols (alcohols),
[LOPM0860; ORTJ0954; SARF0880], we present here
measurements at 298.15 K for 12 binary mixtures formed
by four propyl n-alkanoates (methanoate, ethanoate,
propanoate, and butanoate) with two alkan-2-ols
(propan-2-0l and butan-2-0l) and an isoalkanol (2-
methylpropan-1-0l). The purpose of this investigation is
to examine the effect of the molecular structure of
isomeric alkanols on the properties of mixtures with n-
alkanoates.

While many HE data have been published in the
literature for n-alkanoates + 1-alkanols, no data are
found for the systems of this work.

2. EXPERIMENTAL SECTION

2.1. Apparatus and Procedure

The experimental data were taken at atmospheric
pressure by means of a Calvet type microcalorimeter,
model MS80D (SETARAM, Lyon, France) with a
stainless steel batch mixing cell (volume ca. 8 cm?) and
with negligible vapor phase described in [ORTJ0921].
The temperature T was maintained constant to within
0.02 K at (298.15 = 0.02) K. All temperatures are on
ITS-90. The microcalorimeter was calibrated electrically
after each measurement (see [ORTJ0921]). Check
measurements on cyclohexane + hexane and benzene +
heptadecane are in agreement to within 1 % (over
central range of concentration) with the data reported in
[MCGM0690] and |[DIAMO742]. The estimated
uncertainties in the mole fraction composition x; and HE
are, respectively, a(x;) = 0.0005 and o(HE) = 0.02 |HE|

(over central range of concentration).

2.2 Materials

C,4Hg40, Propan-2-ol (Isopropanol) Fluka AG (Buchs,
Switzerland) "puriss p.a." grade material of stated purity
> 99.5 mole %, degassed ultrasonically and dried over
molecular sieves Type 3A (reference 69828, from
Fluka), and used without further purification. n(D,
298.15 K) = 1.3751; p;(298.15 K)/kg m™ = 781.19.

C,Hg0,, Propyl methanoate (Propyl formate). Aldrich
Chem. Co., Inc. (Milwaukee, WI, USA) material of
stated purity > 99 mole %, purified as above.
n(D,298.15 K) = 1.3744; p(298.15 K)/kg m™3 = 898.22.

C H,,0, Butan-2-o0l (sec-Butanol). Fluka AG (Buchs,
Switzerland) "puriss p. a." grade material of stated purity
> 99.5 mole %, purified as above; n(D, 298.15 K) =
1.3953; p,(298.15 K)/kg m™ = 802.36.

C4H,(0, 2-Methylpropan-1-ol (Isobutanol). Fluka
AG (Buchs, Switzerland) "puriss p. a." grade material of
stated purity > 99.5 mole %, purified as above; n(D,
298.15 K) = 1.3939; p,(298.15 K)/kg m™3 = 797.83.

CsH,,0, Propyl ethanoate (Propyl acetate). Aldrich
Chem. Co.,, Inc. (Milwaukee, WI, USA) material of
stated purity > 99 mole %. n(D,298.15 K) = 1.3820;
£(298.15 K)/kg m™ = 882.18.

C¢H,,0, Propyl propanoate (Propyl propionate).
Fluka AG (Buchs, Switzerland) "puriss" grade material
of stated purity > 99 mole %, purified as above; n(D,
298.15 K) = 1.3908; p,(298.15 K)/kg m™ = 875.65.

C,H,,0,, Propyl butanoate (Propyl butyrate). Fluka
AG (Buchs, Switzerland) "puriss" grade material of
stated purity > 99 mole %, purified as above; n(D,
298.15 K) = 1.3976; p;(298.15 K)/kg m'3 = 868.07.

3. RESULTS

The direct experimental HE values of the 12 systems
are tabulated and graphed in the Appendix and saved on
disk as Standard ELDATA Files ORTJ0956.001
through ORTJ0954.012.

4. DISCUSSION AND CONCLUSIONS
All the mixtures are endothermic.
The data were fitted to Eq. (1):
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HE_, /i mol'! = xpx,34,x /(x, + %) ¢
all points weighted equally. With an adjusted coefficient
k and n = 2 10 4 coefficients 4; the standard deviations
o(HE), defined by Eq.(2):

o(HP) = [ZHE - HHYN-mI'? D

where N is the number of experimental values, aré less
than 30 J mol™! (less than 0.6 % atx; = 0.5).

For a given alkanol, the HE decreases regularly with
the increase of the chain-length of the alkanoate.

REFERENCES

[DIAM0742] — Diaz Pena, M.; Menduina, C. Excess
enthalpies at 298.15 K of binary mixtures of benzene
with n-alkanes. J. Chem. Thermodyn. 1974, 6, 387-393.

[LOPMO860] — Lopez, M.; Paz Andrade, M. L;
Fernandez, J.; Rodriguez-Nunez, E.; Ortega, J. Excess
molar enthalpies at 298.15 K of (an n-alkyl formate + an
n-alkanol). I  {xHCO2(CH2)3CH3 + (1
x)CnH2n+10H}, (n = 3 to 10). J. Chem. Thermodyn.
1986, 18, 1003-1006.

[MCGM0690] — McGlashan, M. L.; Stoeckli, H. F. A

flow calorimeter for enthalpies of mixing. The enthg]
of mixing of n-hexane + cyclohexane at 298 15 Kpr
Chem. Thermodyn. 1969, 1, 589-594. .

[ORTJ0954] — Ortega, J.; Chaar, M.; Phacido, |
Excess enthalpies of 72 binary liquid mixtures of me;h 1
n-alkanoates (C4 - C16) + alkan-1-ols (C2 - C10) :t
298.15 K. ELDATA Int. Electron. J. Phys.-Chem. Da
1995, 1, 139-166.

[SARF0880] — Sarmiento, F; Lopez, M, -
Andrade, M. L; Fernandez, J.; Ortega, J.; Pena, j, 5
Excess molar enthalpies at 298.15 K of (an ealky)
formate + an n-alkanol). III. {xHCO2CH3 + .
x)CnH2n+10H}, (n = 3 to 10). J. Chem. nermOdyn‘
1988, 20, 1315-1319.

Ortega, Juan’ [ORTJO)
Placido, Jose. (CHAMO)
s Author to whom correspondence should be

addressed. FAX: +34-28-363859

322



Copynght© 1996 ELDATA SARL France. All rights rescrved
Property Code: [HMSD1000] HEAT OF MIXING AND SOLUTION

| ORTJ0956.001

2. C4H4O, , Propyl methanoate

State: Two-component system, single-phase liquid or two-phase liquid-liquid (LL)
Pure component 1, liquid
Pure component 2, liquid
Parameters: [P1] T/K, Temperature
Variables: [X1] x/-, Mole fraction of component |
[Y1] HE/J mol'!,  Molar excess enthalpy
Method: Direct low-pressure calorimetric measurement of HE at variable x, and constant T
Components: 1. C3HgO , Propan-2-ol

[P1] = .298150E+03
X1 Yn Wzl(])os+04
67S000E-01 | .461200E+03 ‘ ' ' '
.139500E+00 | .842100E+03 O [P1] = .298150E+03
210900E+00 | .116110E+04 o00ay
279900E+00 | .141040E+04 . :
342400E+00 | .158400E+04 6
409100E+00 | .172490E+04 .150E+04 | 3 1
A457300E+00 | .177880E+04 o o
503500E+00 | .1797SOE+04 o
544700E+00 | .179520E+04 P
S86300E+00 | .175270E+04 o Q
634000E+00 | .167690E+04 ;
684100E+00 | .156570E+04 -100E+04 | PR
737800E+00 | .140760E+04
792900E+00 | .120470E+04 %
848500E+00 | .955500E+03 '
902900E+00 | .650600E+03 Q
954400E+00 | .324500E+03 S00E#03 | -
" o
.000E+00 t . . '
.S0E+00 [(x1]

Copyright© 1996 ELDATA SARL France. All rights reserved

Property Code: [HMSD1000] HEAT OF MIXING AND SOLUTION

| ORTJ0956.002

State: Two-component system, single-phase liquid or two-phase liquid-liquid (LL)
Pure component 1, liquid
Pure component 2, liquid
Parameters: [Pl] T/K, Temperature
Variables: [X1] x,/-, Mole fraction of component |
[Y1] HE/J mol-!,  Molar excess enthalpy
Method: Direct low-pressure calorimetric measurement of HE at variable x, and constant T
Components: 1. C3HO , Propan-2-ol
2. CsH, 0O, , Propyl ethanoate
[P1] = .298150E+03
X1) 1] (Yl
.200E+04
.826000E-01 .539400E+03 N : i
.168300E+00 | .933900E+03 O [P1] = 298150E+03
.250900E+00 .126780E+04
328900E+00 | .149880E+04 0904
399800E+00 | .164480E+04 .° g
.433200E+00 .169430E+04 .IS0E+04 | o ) ]
.494500E+00 .172770E+04 Q
.549100E+00 | .172490E+04
.596700E+00 | .167560E+04 © Q
675600E+00 | .154430E+04
122600E+00 | .141620E+04 R :
T71600E+00 | .125200E+04 A00E+04L °
820900E+00 | .105150E+04 0
.870600E+00 .815400E+03 ! o
917200E+00 | .552900E+03
.961500E+00 .280000E+03
SO0E+03 | © e ]
°
000E+00 t . L L
.S0E+00 X1j
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Lot 1726 ELUATA SARL Fravss. All fadus sastvsd
Pmpcﬂy Code; [HMSD1000] HEAT OF MIXING AND SOLUTION

Two-component system, single-phase liguid or two-phase liquid-liguid (LL)
Pure component |, liquid
Pure component 2, figuid

| ORT J0956.993

Parameters: (Pl) I/K emperature
Variables: [(X1] x Mole fraction of component |
(Y1) fh/l mol’!,  Molar excess enthalpy
Method: Direct low—preuulc calorimetric measurement of HE at vasiable x, and constant T
Components; 1, (,;H,O Propan-2-0 1
; _ 2.CHG0,, wal propaniate ‘
__[P1] = 298150E+03
(X1] L¥i] wzlr}(m
AOLAOOEAN) O TEAATY ! T ‘ ‘
N9ISSO0BA0 | 106250 404 O [P1]) = 2981 SOEH73 !
2B4400FA+K) NIT640E+04 !
A6TUNEAN) N S6TO0EA04 oG ?
ASIBOOES0 | 1666208404 o o
SO200E+00 | 1681 B0E+04 AS0E+04 | . 4
SO2I00EA00 | N66THEA4 ) |
HITBOOEA0 | 1 59590E+04 9 g | ]
S9I00BA00 | 1 SITS0E+04 ; e
TO200E400 NA2390EA04 o i
TJ46TO0EA00 | 1291 80E404 P ;
T92200E400 JI31I0EA04 ANOOE+04 | P 1
BIBTOOEA00 | 926200E403 ©
BEIO0EL00 | T25100E4403 3
G25600E+00 | S03T00E+03 o
I65B00E+00 | 298100E403 o o
SO0EM3| o -
° *
O00E#00 £ . , . 3
SOE+00 x1]
Property Code: (HMSD1000] 'HEAT OF MIXING AND SOLUTION | ORTJ0956.004
State: Two-component system, single-phase liquid or two-phase liquid-liquid (LL)
Pure component 1, liquid
Pure component 2, liquid
Parameters: [Pl] T/K, Temperature
Variables: (X1] xy/-, Mole fraction of component |
(Y1) I'}EIJ mol-!,  Molar excess enthalpy
Method: Direct low'prcuurc calorimetric measurement of HE at variable x; and constant T
Components: 1. CtH,0 , Propan-2-0l
2. C,H, 0, , Propyl butanoate
[P1] = 2981 50E403 ovh
(X1 [Y1] 200E+04
JOLI00EA00 | .638700E4+03 7 ” B
206500E4+00 | .109780E+04 O [P1] = .298150E+03
.304100E4+00 140360E+04
392200E400 158230E+04 )
AGBIOOEA00 | . 164880E+04 o2 %o ,
532600E+00 | .164480E+04 A50E+04 | ) 1
SBT800E4+00 | .160080E+04 G ) ‘
635200E4+00 .153080E+04 (<] {
BHT5400E+00 | .144610E+04 ’
JI0200E4+00 | .135640E+04 | a
T73100E4+00 A 13810E+04 JO0E+04 o
B16800E+00 | .970000E+03 . N 1
B587T00E+00 | .793600E+03 -
899000E+00 | .600200E4+03 °
935300E400 | A02T00E+03 E
969800E+00 202900E+03 ¢ 5
SO00E+03 L - 4
4
| o]
000E+00 £ .
SOE+00 X1
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Property Code: [HMSD1000] HEAT OF MIXING AND SOLUTION

| ORTJ0956.005

State: Two-component system, single-phase liquid or two-phase liquid-liquid (LL)
Pure component 1, liquid
Pure component 2, liquid
Parameters:  [Pl] T/K, Temperature
Variables: [(X1] x/-, Mole fraction of component |
[Y1] I-}E/J mol-!,  Molar excess enthalpy
Method: Direct low-pressure calorimetric measurement of HE at variable x; and constant T
Components: 1. CiH,O, , Propyl methanoate
2. C4H,,0 , Butan-2-ol
[P1] = .298150E+03
[X1] (1] O B4
.540000E~01 435500E+03 ’ " " i
113800E+00 | 806900E+03 O [P1] = 298150E+03
176600E4+00 | .115420E+04
238100E+00 | .142870E+04
.297800E+00 .163730E+04 o000,
355500E+00 | .178940E+04 .I80E+04 | o o
409200E+00 | .188580E+04 °.
A445000E+00 | .192000E+04 o Q
486100E+00 | .193650E+04
.530900E+00 | .191660E+04 o o
S81800E+00 | .185540E+04
63TI00E+00 | .175250E+04 J20B+041L
696200E+00 | .159220E+04 o
159600E+00 | .136490E+04
.825400E+00 | .108940E+04 ; -
B78500E+00 | .783900E+03 2 Q
941500E+00 | .416500E+03 S00E403 | ; ~
o o
L000E+00 £ : : .
S0E+00 [X1]
) 1996 ELDATA SARL Frunce. Al rights reserved
Property Code: [HMSD1000] HEAT OF MIXING AND SOLUTION | ORTJ0956.006
State: Two-component system, single-phase liquid or two-phase liquid-liquid (LL)
Pure component 1, liquid
Pure component 2, liquid
Parameters: [Pl] T/K, Temperature
Variables: [X1] x,/-, Mole fraction of component |
[Y1] HE/J mol-!,  Molar excess enthalpy
Method: Direct low-pressure calorimetric measurement of HE at variable x; and constant T
Components: 1. C4H O, , Propyl methanoate
2. C/H,,0 , 2-Methylpropan-1-ol
[P1] = .298150E+03 oY1)
[X1] [Y1]
.240E+04
.571000E-01 412300E+03 ! h T
A17100E+00 | .756100E+03 O [P1] = .298150E+03
.178300E+00 .106840E+04
.240800E+00 .132600E+04
.300900E+00 .152430E+04
.357800E+00 .166830E+04 .180E+04 | 000q
.410600E+00 .176370E+04 o__o o.
458900E+00 .181760E+04 a
.503500E+00 .183360E+04 o
.544000E+00 .181260E+04 Q Q
.575400E+00 .178920E+04 :
629400E400 | .170400E+04 120E+04 1 o
.687700E+00 .157680E+04 o)
.749700E+00 .140190E+04
814100E+00 | .115430E+04 [
.878600E+00 .849200E+03 o
.941200E+00 471500E+03 600E+03 | '._.
[
o .
L000E+00 £ . . .
S0E+00 [X1]
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Commeie® 9% ELDATA SARL Fome. A sighss merved
Pmlum Code: n-msmooo] HEAT OF MIXING AND SOLUTION

Two-component
Pure component 1, hiquid
hquid

system. single-phase liquid or two-phase liquid-liquid (LL)

ORTJ0956.097

Pure component 2,
Parameters:  [P1] 7K. Temperature
Varisbles: [D‘EH xmﬁj Mole fraction of component |
mal!,  Molar excess enthalp
Method: Dl‘eammahmmuim:oﬂﬁalmblenmmlr
— .
Components: 1. C;H,,O , Butan-2-ol
2. C:H,,0; , Propyl ethanocate
[P1] = 298150E+03 -
nsu[xnml] 2 on 240E+04 - - - S
lmul) —?éluli-ms o [P1] = 298150E+03 ‘
232100E:00 1300808+
S302400E-00 ASTIT0E+04
JT7100E+00 JHES0E0 N o ¥)
SL0200E:00 | 1S4220E:04 JISQE+04 | 0" %0, i
495200E:00 | _1STSO0E:04 ° :
SOS200E+00 | .1SS290E+04¢ o Q
S4S300E-00 I8S460E+ ‘-O
.;-.sm-em ASI230E:04
S36900E+00 | .173330E+04 o ;
S36G000E+00 | .162480E:+04 I20E+04 | ° :
T93T00E+00 | _124120E+04 o e
9S3T00E+00 | 353400E:03 G00E:03] ° |
o B
" °
(000E+00 £ .
S0E+00 X1
Copnozie® 1996 E1DATA SARI Feomce AN risbes soserved
Pl'npu'ty(:n&:[l-ﬂulle(Xl)] HEAT OF MIXING AND SOLUTION lORTJOﬁG.W
Two-component system, single-phase liquid or two-phase liquid-liquid (LL)
Pure component |, hiquid
Pure componeat 2, liquid
Parameters: [Pl] 77K, Temperature
‘Variables: X1] x/-, Mole fraction of component 1
[YI] HEJ moli,  Molar excess enthalpy
Method: Direct low-pressure calorimetric measurement of HE at variable x, and constant T
Components: 1. C;H,O , Butan-2-ol
2. GH,,0, , Propyl propancate
[P1] = 298150E+03
X1 oY1l S
791000E-01 | 548100E+03 - T v
_158500E+00 968400E+03 O [P1] = 298150E+03
237200E:00 131570E+04
310600E+00 (I559S0E+04
3T9800E+00 AT71760E+04
A42300E+00 AT9920E+04 J80E+04 L o%0 |
ASST00E+00 (I82540E:04 o Q
S535S00E+00 IS1690E+4
S77100E+00 A73240E+4 o :Q
620900E+00 AT7I790E:04 <
666600E+00 162020E+04 o o
714500E+00 | .148630E:04 J20E+04 L 4
F65300E+00 _I31080E+04 Q
S14900E+00 10220E+04 )
913300E+00 S73000E+03 2
953700E+00 291900E+03 G00E+03| - .
o Q 7
?
SQE+00 X1
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opyright© 1996 ELDATA SARL Frunce. All rights reserved

property Code: [HMSD1000] HEAT OF MIXING AND SOLUTION [ ORTJ0956.009
State: Two-component system, single-phase liquid or two-phase liquid-liquid (LL)
Pure component 1, liquid
Pure component 2, liquid
parameters:  [P1] T/K, Temperature
Variables: [X1] xy/-, Mole fraction of component |
[Y1] HE/J mol!,  Molar excess enthalpy
Method: Direct low-pressure calorimetric measurement of HE at variable x, and constant T
Components: 1. C;H,;,0 , Butan-2-ol
2. C,H,40,, Propyl butanoate
[P1] =.298150E+03
X1] (Y1 (Yn
.860000E-01 .593900E+03 200E+04 ! " T
177400E+00 | .105130E+04 O [PI] = .298150E+03
263300E+00 | .139860E+04 500,
.343100E+00 .161990E+04 '
415400E+00 .174430E+04 o Q
480100E+00 | .179290E+04 .150E+04 | i
.536000E+00 .178730E+04 S ©
.585100E+00 1748 10E+04 ; '
628500E+00 | .167450E+04 e
.663100E+00 .160290E+04
.713400E+00 .145480E+04 o o)
7J64200E+00 | .128700E+04 JO0E+04L 7 .
.814700E+00 .107260E+04 ; .
864100E+00 | .836300E+03 °
913000E+00 .565800E+03
959400E+00 .284900E+03 o.‘
S00E+03 | o .
Q
L000E+00 £ 1 L 1
.50E+00 [X1]
Copyright© 1996 ELDATA SARL France. All rights reserved
Property Code: [HMSD1000] HEAT OF MIXING AND SOLUTION | ORTJ0956.010
State: Two-component system, single-phase liquid or two-phase liquid-liquid (LL)
Pure component 1, liquid
Pure component 2, liquid
Parameters: [P1] T/K, Temperature
Variables: [X1] x/-, Mole fraction of component |
[Y1] HE/J mol-!, Molar excess enthalpy
Method: Direct low-pressure calorimetric measurement of HE at variable x, and constant T
Components: 1. C4H,;(O , 2-Methylpropan-1-ol
2. CsH,,0, , Propyl ethanoate
[P1] = .298150E+03 Y1)
[X1) - (Y1) .200E+04
.450000E-01 .309100E+03 i " T
9S8000E-01 | .603500E+03 O [P1] =.298150E+03
.150500E+00 .891600E+03 o
205200E+00 | .113670E+04 0°Co.
260100E+00 | .133970E+04 e ()
313100E+00 .149760E+04 AS0E+04 | o 4
376900E+00 | .164670E+04 o
416500E+00 .170200E+04 o
.461000E+00 .173490E+04 a
.510400E+00 .174120E+04 o g
.566800E+00 .170590E+04
629100E+00 | .161600E+04 -100E+04 | 1
696000E+00 | .145950E+04 o o
.770800E+00 .121300E+04 B
848900E+00 | .877500E+03 k
927100E+00 | .494200E+03 S .
SO0E+03 | o -
o
.000E+00 t . L R
.S0E+00 [X1]
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Cupyright© 1996 ELDATA SARL France. Al rights reserved
Property Code: [HMSD1000] HEAT OF MIXING AND SOLUTION

State:

Two-component system, single-phase liquid or two-phase liquid-liquid (LL)

Pure component |, liquid

| ORTJ0956.011

Pure component 2, liquid
Parameters: [Pl] 7/K, Temperature
Variables: [X1] x/-, Mole fraction of component |
[Y1] HE/J mol'!,  Molar excess enthalpy
Method: Direct low-pressure calorimetric measurement of HE at variable x, and constant T
Components: 1. C4H,,O, 2-Methylpropan-1-ol
2. C¢H,,0, , Propyl propanoate
[P1] = .298150E+03
Y1]
X1 oY1 t
.736000E-01 .501500E+03 200E+04 T N j
JA51700E+00 | .899800E+03 O [P1] = .298150E+03
230100E+00 .123080E+04
304600E+00 | .146170E+04 o%a
372400E+00 | .160090E+04 o o
433700E+00 .166970E+04 .1S0E+04 [ -
489700E+00 .168920E+04 ..0
539300E+00 .167020E+04
583400E+00 .162660E+04 I} Q
.636800E+00 .153480E+04 :
686500E+00 .140020E+04 o
740000E+00 | .124510E+04 -100E+04 | 1
.795000E+00 .104960E+04 o)
.850200E+00 | .815400E+03 o)
S04000E+00 .554400E+03
954600E+00 281500E+03
SO0E+03 | ¢ e |
o
(000E+00 | . : .
.S0E+00 X1
Copyright© 1996 ELDATA SARL France. All rights reserved
Property Code: [HMSD1000] HEAT OF MIXING AND SOLUTION I ORTJ0956.012
State: Two-component system, single-phase liquid or two-phase liquid-liquid (LL)
Pure component 1, liquid
Pure component 2, liquid
Parameters: [P1] 7/K, Temperature
Variables: [X1] x,/-, Mole fraction of component |
[Y1] HE/J mol-!,  Molar excess enthalpy
Method: Direct low-pressure calorimetric measurement of HE at variable x, and constant T
Components: 1. C;H,,0, 2-Methylpropan-1-ol
2. C;H,,0;, Propyl butanoate
[P1] = .298150E+03 Y1)
[X1) (Y1) .200E+04
.944000E-01 .618500E+03 j N T
.I87100E+00 | .104610E+04 O [P1] = .298150E+03
.279500E+00 .136990E+04
.362500E+00 .156360E+04 o-O.
.435000E+00 .165090E+04 g". Q"O
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