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Refractive Index, Surface Tension, and Density of Aqueous Mixtures of
Carboxylic Acids at 298.15 K
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Refractive indicesr), densities §), and surface tensiong)( for {formic acid, acetic acid, propionic acid, or
butyric acid+ wate} mixtures at 298.15 K and normal atmospheric pressure have been determined as a function
of mole fractions. From the experimental data, excess molar volumiEsand deviations of refractive index

from linear behavior 4n,) have been calculated. The magnitude of these experimental quantities is discussed in
terms of nature and type of intermolecular interactions in binary mixtures. Besides, the interpretation of the ratio
of molar volume to molar refraction/R as a measure of the degree of free volume appears to be a useful tool
for qualitative considerations concerning volumetric and refractometric data. To analyze the behavior of surface
tensions, the Extended Langmuir (EL) model was used.

Introduction atmosphere and preventing the solute loss at the concentrated
. . ) ) surface. This issue is particularly important when conducting
Thermodynamic properties of carboxylic acitiswater are  aagurements in systems with high vapor pressures, which is
of considerable theoretical and practical interest, and they haveyhe case of the first of the members of the series of carboxylic
been widely analyzed, especially in the case of formic and acetic 4jys.
acid + Wa_ter mixtures. Interactions betyveen water a_nd car-  \we have measured densitigs, (refractive indicesr), and
boxylic acids are ex_tremely_ complex, being the anal_yS|s_ of the gy rface tensionsa of {formic, acetic, propionic, or butyric
hydrogen bonding interactions of complexes of this kind of 4¢iq+ wate} mixtures at 298.15 K and atmospheric pressure.
systems of great interest? From the experimental data, excess molar volumé®) @nd
The easy with which the refractive index of a liquid can be deviations of refractive index from linear behavidw) have
measured accurately and precisely has led to increased interesbeen calculated. The discussion of results examines the influence
in the theoretical and empirical correlations of this property with of the size of the carboxylic acid hydrocarbon chain on the
others that are more difficult to measure directly, particularly excess properties. Besides, the interpretation of the ratio of molar
with excess properties in binary mixtures. Another thermody- volume to molar refraction/R) as a measure of the degree of
namic property that is also easy to measure and usually present§ree volume appears to be a useful tool for qualitative
a very strong dependence on both the compounds constitutingconsiderations concerning volumetric and refractometric data.
the mixture and their relative concentrations is the surface To analyze the behavior of surface tensions, the Extended
tension. We placed special priority on the experimental deter- Langmuir (EL) model was used. The EL model is based on a
mination in the diluted region of the binary mixtures. Our modification of the Langmuir isotherm combined with a mixing
research group has taken a keen interest in the analysis of surfaceule and includes two adjustable parameters with clear physical
tension data in the diluted region because, based on thesameaning.
measurements and taking into account the refractive indices an . .
density values, we can very precisely assess properties such :gxperlmental Section
standard energy of adsorption, parachor, molar refraction, or ~The source and purity of the chemical compounds are shown
the activity coefficient at infinite dilution of the mixture in Table 1, together with the experimental densities, refractive
components. None of the research literature that we analyzedindexes, surface tensions, and values reported by other afithors.
presents an acceptable density of experimental points in theThe liquids were used without further purification other than
diluted region and that is what motivated us to study these being kept over molecular sieves to remove water. The ultrapure
systems. The majority of the surface tension determinations thatwater was obtained by using an ELIX 3 system from Millipore.
we consulted (all very outdated) were conducted under non- The water surface tension value at 298.15 K was 71.89mi
equilibrium conditions between the vapor and liquid phases. and the density and refractive index were takep as997.048
The experimental technique that we used consists of a hermeti-kg-m~3 andn = 1.33254, respectively. Liquid mixtures were
cally sealed cell allowing for the attainment of a saturated prepared by mass in airtight stoppered bottles, bearing in mind
the vapor pressures of the components when establishing the
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Table 1. Source, Purity, Density p), Refractive Index (n), and Surface Tension §) for the Pure Liquids at 298.15 K

1073-p (kg'm~3) no o (MN-m~1)
compound source purity/% this work lit. this work lit. this work lit.
formic acid Fluka >98 1.21129 1.21405 1.37459 1.36938 38.17 37.03
1.21346 1.36943
1.2138
acetic acid Fluka >99.8 1.04395 1.04392 1.36969 1.3698 27.08 27.12
1.04322 1.37046
1.0440 1.3707
propionic acid Fluka >99.5 0.98833 0.98808 1.38484 1.3848 26.15 26.17
0.98793 1.38479 26.2
0.9903% 1.3850
0.987847
butyric acid Fluka >99.5 0.95317 0.9532 1.39599 1.3958 26.19 26.2
1.3963

Experimental densimetric and refractometric techniques have {formic acid+ wateg. This apparent anomaly can be explained

been described in detail in previous wofks!? Densities were

by taking into account the negative correlation between

measured with a vibrating-tube densimeter from Anton Paar and the ratio of molar volume to molar refractigfR, proposed
(model DMA 60/602) operated in the static mode and calibrated as a measure of the degree of free voldf¥.The equation

with bidistilled and deionized water and dry air on a daily basis.
The uncertainties op andV E are less than 1¢ kg-m—2 and
4-107° m3-mol~1, respectively. For refractive index measure-

ments at the wavelength of the D-line of sodium, we have used

a Mettler Toledo refractometer (model RA-510M) having an
uncertainty of 105, calibrated with bidistilled and deionized

water. The solutions were prethermostated at 298.15 K before
the experiments in order to achieve a quick thermal equilibrium.

Surface tension of pure liquids and mixtures at the ligwidpor

interface was determined using a Lauda drop volume tensiom-

eter, described in detail in a previous papemyhich also

discussed procedure and handling of data. The temperature o
the measurement cell was controlled within 0.01 K by a water

thermostat. The uncertainty obtaineddrnvalues is less than
0.03 mNm™1,
Results and Discussion

Table 2 contains the experimental results at 298.15 Kofor
VE, n, An,, ando, in terms of the carboxylic acid mole fraction.

Deviations of refractive index from linear behavidm,, were
calculated by using
Any =n—(¢n; + $,ny) (1)

whereg; is the volume fraction of componentn the mixture.
Excess molar volumes/(F) were calculated from the density
of the mixture p), densities £;), and molar massedk) of the
pure compounds and the corresponding molar fractighdy
means of

M; M M, M
vE= xl(—1 - —1) + xz(—2 - —2) ()
Y P1 P P2
V E and An, were fitted with a function of the form
n—-1 _
F=x(1— x)Z AX"? (3)
=

whereF is eitherV E or Any. The coefficientsh; and standard
deviationss(F) listed in Table 3 were estimated by the least-

defining the molar refractioR = V(n2 — 1)/(n® + 2) can be
rewritten in such a way that the correlation between the
refractive indexn and the ratiov/R appears unmasked:

4
I-1

It is remarkable that refractive index deviations show a similar
trend, although with opposite sing, that the raiRr for the
binary mixtures{ acetic acid, propionic acid, or butyric acid

yvate|}. The excess volume of the systéformic acid+ wate#

Is much smaller than the corresponding values for the other
binary mixtures of this series, being responsible of the afore-
mentioned anomaly, shown in Figure 1. Figure 2 shows the
curvesA(V/R) versusx for the analyzed mixtures. The quantity
A(VIR) was obtained by using the following equatitii

X R + %R,

A(—— =
R Ry n’-1

Excess Molar VolumesThe excess molar volum¥ E in
aqueous solutions of carboxylic acids is always negative and
large in magnitude, as can be seen in Figure 3. Our results
compare well with the literature dat&;1>1” however, the results
of Apelblat et aP and Casanova et &t for the mixture{ formic
acid + watei at the central part of th& E curve are more
negative than ours. These differences may be attributed to the
different purity of the formic acid utilized. The behavior of the
mixture {formic acid + wate} does not follows the general
trend for the other members of the series.

In general, the sign of E depends on the relative magnitude
of contractive and expansive effects that arise on the mixing
process. The large negatiVe® for these mixtures leads to the
conviction that the factors causing the volume contraction prevail
over the factors responsible for volume expansion, being the
hydrophobic hydration the most effective factor in volume
reduction, as recently pointed out by Motin et'@l.

Surface Tension Figure 4 shows the experimental surface
pressuresid = owater — 0) Versus the carboxylic acid mole
fraction for the mixtures analyzed in this work. The surface

Vv Vid_n2+2_X1V1+X2V2

®)

squares method. These parameters were used to obtain théension of all mixtures studied decreases as the acid concentra-

calculated curves in Figures 1 and 3.
Refractive Indices.Figure 1 shows that for all systems studied
An, is positive over the whole range of mole fractions and

tion increases. This trend was nonlinear, the change in surface
tension caused by a change in acid concentration being larger
at low concentrations than at high. The binary mixt{ipatyric

becomes less positive as the length of the hydrocarbon chainacid + wate} shows the typical behavior of a tensoactive
of the acid increases, with the exception of the binary mixture substance in water. As the hydrocarbon chain of the acid



1358 Journal of Chemical and Engineering Data, Vol. 51, No. 4, 2006

Table 2. Experimental Densities g), Excess Molar Volumes Y E), Refractive Indices (1), Deviations of Refractive Index from Linear Behavior
(Any), and Surface Tensions €) at 298.15 K

1073p VE o 10°3%p VE o
X kg'rm=3  cmP-mol~?t n Any mN-m~1 X kg:m=3  cmP-mol~?t n Any mN-m~1

(x) Formic Acid+ (1 — x)Water
0.0007 0.99752 —0.0031 1.33265 0.00005 71.48 0.1098  1.05276 —0.2232 1.34454 0.00334 57.29
0.0015 0.99802 —0.0054 1.33269 0.00002 71.14 0.1539  1.06949 —0.2603 1.34829 0.00412 55.23
0.0028 0.99879  —0.0087 1.33271 0.00005 70.65 0.2040  1.08651 —0.2942 1.35223 0.00497 52.74
0.0067 1.00127 -0.0225 1.33343 0.00030 69.45 0.3004  1.11430-0.3366 1.35863 0.00614 49.18
0.0106 1.00360 —0.0332 1.33440 0.00093 68.59 0.4178  1.14155-0.3618 1.36478 0.00695 47.25
0.0154 1.00631 —0.0444 1.33496 0.00108 67.53 0.5101  1.15859 —0.3528 1.36885 0.00744 45.73
0.0277 1.01384 —0.0859 1.33633 0.00141 65.46 0.6133  1.17483—0.3343 1.37220 0.00731 43.41

0.0442 63.13 0.7058 1.18706 —0.3034 1.37444 0.00681 41.42
0.0538 1.02693 —0.1308 1.33912 0.00209 0.8162  1.19840 —0.2245 1.37543 0.00491 40.12
0.0755 59.92 0.8967  1.20413 -0.1185 1.37543 0.00302 39.13
(X)Acetic Acid + (1 — x) Water
0.0001 71.79 0.0746 47.25
0.0005 71.18 0.1086 43.43
0.0007 0.99741 —0.0048 1.33285 0.00023 71.04 0.1108  1.03157 —0.4612 1.35281 0.00972 43.39
0.0008 70.84 0.1513  1.04090 -0.6205 1.35708 0.01109 40.12

0.0012 0.99788 —0.0118 1.33312 0.00044 70.37 0.1814  1.04655 —0.7255 1.36009 0.01218 39.24
0.0060 0.99892 —0.0182 1.33422 0.00098 66.17 0.2288  1.05246 —0.8401 1.36386 0.01328 38.17

0.0066 65.76 0.3053 1.05874 —0.9767 1.36818 0.01398 36.50
0.0119 1.00078 —0.0371 1.33576 0.00185 62.57 0.4129  1.06349 —1.0991 1.37230 0.01408 34.80
0.0138 61.57 0.5160 1.06454 —1.1285 1.37456 0.01333 33.23
0.0234 58.26 0.6068 1.06364 —1.0910 1.37543 0.01202 31.87
0.0257 1.00439 —0.0704 1.33874 0.00332 57.45 0.7035  1.06107 —0.9762 1.37543 0.01008 30.32
0.0404 53.14 0.8067  1.05700 —0.7710 1.37459 0.00750 29.32

0.0516 1.01191  —0.1577 1.34364 0.00562 50.64 0.9076  1.05189 —0.4811 1.37257 0.00403 28.42

(x) Propionic Acid+ (1 — x) Water

0.0008 0.99747  —0.0083 1.33292 -0.01117 68.52 0.0989  1.01717 -0.5322 1.35796 —0.53531 34.71
0.0016 0.99764 —0.0118 1.33304 —0.01466 66.47 0.2016  1.02207 -—0.8521 1.37093 —0.85531 32.25
0.0029 0.99815 —0.0220 1.33367 —0.02493 63.66 0.3008  1.02151 -1.0351 1.37840 —1.03833 31.12
0.0044 0.99868 —0.0328 1.33422 —0.03574 60.98 0.4003  1.01887 —1.1315 1.38294 —1.13483 30.19
0.0064 0.99929 —0.0456 1.33485 —0.04850 57.91 0.5009 1.01433 —1.1158 1.38564 —1.11919 29.36
0.0103 1.00060 —0.0730 1.33606 —0.07588 53.54 0.6039  1.01012 —1.0691 1.38690 —1.07250 28.56
0.0179 1.00271 —-0.1194 1.33850 —0.12237 48.16 0.7020  1.00503 —0.9173 1.38721 —0.92064 27.91
0.0272 1.00551 —0.1828 1.34145 —0.18581 44.12 0.7666  1.00283 —0.8552 1.38709 —0.85858 27.52
0.0470 1.00686 —0.2326 1.34689 —0.23564 38.89 0.8784  0.99668 —0.5506 1.38599 —0.55393 26.92
0.0618 1.00897 —0.2950 1.35074 —0.29808 36.93

(x) Butyric Acid + (1 — x) Water
0.00004  0.99714 —0.0019 1.33256 0.00001 71.12 0.0596  1.00055—0.3202 1.35359 0.00552 28.35
0.0001 0.99728 —0.0046 1.33259 0.00001 70.47 0.0865  0.99876 —0.3933 1.35959 0.00635 28.23
0.0006 0.99735 —0.0080 1.33282 0.00008 66.32 0.1034  0.99768 —0.4366 1.36283 0.00674 28.15
0.0016 0.99739 —-0.0127 1.33325 0.00020 60.32 0.2033  0.99250 —0.6788 1.37695 0.00848 27.92

0.0028 55.12 0.2997  0.98771 —0.8493 1.38524 0.00914 27.73
0.0056 0.99824  —0.0447 1.33514 0.00083 46.34 0.3810  0.98312 —0.9144 1.38923 0.00853 27.66
0.0075 42.12 0.5038 0.97720 —0.9632 1.39330 0.00755 27.56

0.0136 0.99983 —0.1084 1.33877 0.00204 35.88 0.5763  0.97362 —0.9346 1.39471 0.00669 27.42
0.0201 1.00084 —0.1553 1.34064 0.00209 31.94 0.7036  0.96747 —0.7977 1.39625 0.00509 27.13
0.0299 1.00179  —-0.2170 1.34506 0.00388 29.24 0.8019  0.96235—0.5775 1.39667 0.00360 26.90
0.0480 1.00161 —0.2932 1.35064 0.00508 28.48 0.9189  0.95718 —0.2946 1.39654 0.00163 26.51

decreases, this behavior is less evident. Fitting the eqlation 120/¢ 3. Coefficients of Equation 3 and Standard Deviationse)

Ao A A Ag Ay s
a(l —x Formic Acid+ Water
— .0
= (l+ T-ba-x/" (6) An, 00817 -0.231 0321 -0.138 1410°5
VE  —3.82 6.16 -3.93 0.0071
. . Acetic Acid + Water
to the experimental results for each system yieldedsthex An, 01712 —0.2743 0.1527 1405
curves shown in Figure 4. The values of the fitted parameters vE 0.708 —30.96 559 —31.8 0.015
aandb are shown in Tablg 4. Propionic Acid-+ Water
The o values obtained by iarez et aP for {formic, acetic, An,  0.166 —0.117 —0.566 1.059 —-0.525 1410
P : ; VE —462 -109 297 -19.8 0.022
or propionic acid+ wate} as well as those obtained by -
Drucket® for {formic or acetic acid+ wate} agree well with Butyric Acid + Water
Ans 01935 —0.522 0.572 —0.226 25105

our experimental values. The values obtained by Glag&leva VE

. . ; —13.69 56.1  —122.8 120.3 —43.8 0.011
for {formic or acetic acidt- wate} systems show much greater

deviations. Figure 5 shows the surface tension daie=a0.5  pehavior analysis of binary systems that deviate either positively
for the blnarylgr_nzlzxtures studied in this work together with o1 negatively from ideality4-2° Briefly, it considers the surface
literature dat&'®"22 for comparison. of a binary liquid mixture as a thin but finite layer and starts

The EL?® model was applied to these mixtures in order to by developing the following expression for the relationship
interpret the results obtained. The EL model allows for the between the volume fractions of component B in the surface
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Figure 1. Plot of An, (eq 1) at 298.15 K fof (x) carboxylic acid+ (1 — carboxylic acich (1 — x) wate mixtures: O, formic acid;0, acetic acid;
X) wate} mixtures: O, formic acid;, acetic acid;a, propionic acid;o, A, propionic acid;$, butyric acid.
butyric acid.
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Figure 4. Surface pressures at 298.15 K for{(x) carboxylic acid+ (1
— X) wate} mixtures: O, formic acid;O, acetic acid;a, propionic acid;
<, butyric acid; black lines, calculated by using eq 6; gray lines, curves

Figure 2. Plot of A(V/R) calculated by using eq 5 for the analyzed mixtures.

S : .
and the bulkgg and¢g, respectively: obtained with the Extended Langmuir model, eq 10.
8 = Boe/(1 — ¢ + Be) ) 50
X

where the parametgt = (¢g/¢s)/(¢a/¢a) is a measure of the 25 Q
lyophobicity of B relative to A. The second ingredient of the o
EL model is a mixing rule with a Margules-type term:

40 1

£
0= ¢r0, + p30g — Ay PaT° (8) Z
whereoa andog are the surface tensions of the pure components © 351
A and B, z0 is the positive difference between them (A is the 9
component of higher surface tension), dnd a parameter that 30
represents the effect of unlike-pair interactions on the surface % 3
tension of the mixture and is zero when this effect is negligible. o)
From eq 8 the surface pressutecan be written as 25 ‘ : :
0 1 2 3 4 5
7= 7'pg(aps + dg) 9) C-atoms
Figure 5. Plot atx = 0.5 of surface tensiom;, against the C-atom number
wherea = 1 + 1; and substituting fops and¢y(= 1 — ¢5) of the carboxylic acid:O, this work; <, ref 9;0, ref 21 (303.15 K), ref
from eq 7 yields 19; a, ref 22 (293.15 K);x, ref 20.
7= aBIB + a(ppld)VIB + (Palds)] (10) one containing butyric acidy = 1 (orA = 0) and > 1, which

implies that the heteromolecular interactions do not affect

Table 5 shows the values of parametarand 3 obtained significantly the surface tension of the solution. A valuefof
after adjusting the experimental values of surface tension to the> 1 indicates that the concentration of the acid is higher at the
above equation. For all the systems of this series except for thesurface, in regard to the bulk concentration. The value of the
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Table 4. Values of the Parameters and b Obtained by Fitting (10) Calvo, E.; Brocos, P.; Bravo, R.; Pintos, M.; Amigo, A.; Roux, A.
Equation 6 to Surface Pressure Data and Standard Deviations H.; Roux-Desgranges, G. Heat capacities, excess enthalpies, and
volume of mixtures containing cyclic ethers.Jd.Chem. Eng. Data
a b s 1998 43, 105-111.
formic acid+ water 0.606 0.922 0.42 (11) Brocos, P.; Calvo, E.; Amigo, A.; Bravo, R.; Pintos, M.; Roux, A.
acetic acid+ water 0.760 0.963 0.43 H.; Roux-Desgranges, G. Heat capacities, excess enthalpies, and
propionic acid+ water 0.873 0.9878 0.38 volume of mixtures containing cyclic ethers. 2.Chem. Eng. Data
butyric acid+ water 0.998 0.9958 1.04 1998 43 112-116. . .
(12) Pireiro, A.; Brocos, P.; Amigo, A.; Pintos, M.; Bravo, R. Surface
Table 5. Values of the Parametersx and 8 Obtained by Fitting tensions and refractive indices of (tetrahydrofuram-alkanes) afl

= 298.15 K.J. Chem. Thermodyri999 31, 931-942.
(13) Brocos, P.; Pigiro, A; Bravo, R.; Amigo, A. Refractive indices, molar
o B S volume and molar refractions of binary liquid mixtures: concepts and
correlationsPhys. Chem. Chem. Phy003 5, 550-557.

Equation 10 to Surface Pressure Data and Standard Deviations

formic acid+ water 1 2.62 1.36 ’ " ; -
acetic acid+ water 1 4.73 1.96 (14) Brocos, P.; Amigo, A. Critical review on treatment of refractive indices
propionic acicH water 1 14.00 1.83 and related properties in liquid mixturd®ecent Res. DeChem. Eng
e ; ' 2005 6, 47—84.
butyric acid+ water 1.74 2250 0.80 (15) Casanova, C.; Wilhelm, E.; Grolier, J.-P. E.; Kehiaian, H. V. Excess
) ) ) volumes and excess heat capacities of (watealkanoic acid).J.
parameter increases as the hydrocarbon chain of the acid Chem. Thermodyrl981, 13, 241-148.
increases. For the mixtufdoutyric acid+ wate#, 4 is clearly (16) Korpela, J. Densities and compression isotherms of formic-acader,

N N . : : ; ; acetic acid-water, propionic acigtwater, and isobutyric acigwater
0 andp > 1. This means that the interactions in the mixtures mixtures.Acta Chem. Scand971 25, 28522864,

decrease the value and that the compound prevalently adsorbed (17) campbell, A. N.; Kartzmark, E. M.; Gieskes, J. M. T. M. Vapor

is the acid. In Figure 4 the fitting curves corresponding to the liquid equilibriums, densities, and refractivities in the system acetic
systems{formic or butyric acid+ wate} are included as an 8) f;;'dehll\?lf%OfQ“'g\/at'\eAf ﬁ 230- Cané JMCBeml_953 41(-j 407-429. |
” ; otin, M. A.; Kabir, M. H.; Huque, E. M. Densities and excess molar
example of the. ability of the EL model to describe the surface volumes of formic acid, acetic acid and propionic acid in pure water
tension behavior. and in watert+ Surf Excel solutions at different temperaturefuys.
) ) Chem. Liq.2005 43, 277-288.
Literature Cited (19) Drucker, K. Studies on aqueous solutions of aliphatic adithy's.

Chem. Stoechiom. Verwandschafi905 52, 641-704.
@) bZhO(ljJ.' Z; Shi, Y., Z?ou, XI. Theo;eftical_ stuc_!(ijes‘%n th; gﬁdrogen (20) Glagoleva, A. A. Surface tension of t5he binary systems HCOOH
C?}gﬂ'q”gdgf’l%%'ognlg_ggg‘p exes of formic acid with watérPhys. H,O and CHCOOH-H0 Zh. Obsch. Khim1947, 17, 1044-1047.
(2) Wei D Truchon, J.-F.; S'irois S.; Salahub, D. Solvation of formic (21) Morgan, J. L. R.; Neidle, M. The weight of a falling drop and the
e iie) proton transier in hyarafed clustelsChem Phys2002 laws of tate, XVIII. The drop weights, surface tensions and capillary
' constants of aqueous solutions of ethyl, methyl and amyl alcohols,

116 6028-6038. . - .
(3) Velardez, G. F.; Ferrero, J. C.; Beswick, J. A.; Daudey, J. P. Ab initio and of acetic and formic acid. Am. Chem. S0d913 35, 1856~

) vl A 1865.

(s\}\;fé&f(tr? is;ttzc’tg;]eds;n%dmgglne tc)tgzglé:dt rggﬂg%%”;%&,n;!ccaﬁédm. (22) Grunmach, L. Determination of the surface tension and other physical
A 2001, 105 8769-8774. constants of mixtures of acetic acid and watenn. Phys1909 28,

(4) Riddick, J. A., Bunger, W. B., Sakano, T. K., E@ganic Solents 21_77_258; ) ) )
(in Techniques of Chemis)tyWeissberger, A., Ed.; Wiley-Inter-  (23) Piteiro, A; Brocos, P.; Amigo, A.; Gracia-Fadrique, J.; Guadalupe
science: New York, 1986: Vol. II. Lemus, M. Extended Langmuir isotherm for binary liquid mixtures

(5) Apelblat, A.; Manzurola, E. Excess molar volume of formic a¢id Langmuir2001, 17, 4261-4266. ) o o
water, acetic acid+ water and propionic acid- water systems at (24) Brocos, P.; Gracia-Fadrique, J.; Amigo, A.7 &, A. Application
288.15, 298.15, and 308.15 Kluid Phase Equilib1987, 32, 163 of the Extended Langmuir model to surface tension data of binary
193. liquid mixtures.Fluid Phase Equilib2005 237, 148-159.

(6) Cases, A. M.; Gmez Marigliano, A. C.; Bonatti, C. M.; Siono, H. (25) Gaman, A. |.; Napari, |.; Winkler, P. M.; VehkakiaH.; Wagner, P.
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