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Density and Surface Tension Variation with Temperature for Heptane+
1-Alkanol
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New experimental densities and surface tensions for binary mixturgseptanet 1-butanol,+ 1-hexanol, and

+ 1-octanc} in a temperature range of (288.15, 293.15, 298.15, 303.15, and 308.15) K are reported for the
whole composition range. Densities were measured with an Anton Paar DMA 4500 densimeter. Surface tensions
were measured using a Lauda TVT2 automated tensiometer, which uses the principle of the pending drop volume.
The experimental data of pure liquids and mixtures have been used to calculate excess molar volumes and surface
tension deviations of the mixtures as a function of mole fractions.

Introduction Table 1. Densityp and Surface Tensione of the Pure Compounds
) . , , from T = 288.15 K to 308.15 K
The understanding of physical properties such as density or = pp— preroy—

surface tension is of great utility for both fundamental research plgrcm ofmim

and industrial engineering applications. Systematic investigations substance K this work lit. this work lit.
of intermolecular interactions and the internal structures of heptane 288.15 0.68798 0.68784 20.81

binary liquid mixtures continue to be an area of interest in 29315  0.68378  0.683%5  20.27 20-593
physical chemistry. Regarding structural studies, a review of 298.15 067955  0.679%4  19.68 19.6%
he literature shows that for the analysis of this type of effect 30315 067530 067525 19.19 1947
the lite : or aly yp¢ 308.15 0.67100 0.67161  18.93

in liquid solvent mixtures it is possible to apply a wide range  1-butanol  288.15 0.81332 0.81349 24.68

of spectral or thermochemical methods as well as studies on 293.15 0.80956  0.8103%  24.21 24.18
intensive macroscopic properties of solutions (density, viscosity, 298.15  0.80572  0.80585  23.79  23.7¢'

. : . 303.15 0.80191  0.80185 2334  23.28
surface tension, etc.) carried out at different temperatures. Thus, 308.15 079807 079867 2279 2278

using this last method, the accurate measurement of experimental{_nexanol 288.15 0.82228 0.82233 26.08
data of physical properties in mixtures of organic liquids is 293.15 0.81875 0.818%)  25.61
required for a better understanding of their thermodynamic 208.15  0.81523 081535 2519 2578
behavior. Furthermore, in recent years, interest in surface tension 303.15 081160 081185  24.74

. . , . . . 308.15  0.80800  0.80880  24.19
and interfacial tension has increased considerably because thiS;_octanol 28815 082855  0.82849  27.41

property plays an important role in the design of contacting 293.15 0.82511 0.825%6  26.94
equipment involved in several chemical processes, as for 298.15  0.82164  0.82188  26.52 27.1%
instance gas absorption distillation, extraction, etc. 30315 081819 081831  26.07

308.15 0.81469 0.81462 2552
Over the last years our research group has conducted a

systematic study?® of the thermophysical properties of mixtures = 99.5 %). All chemicals were degassed and dried over
of hydrogen bonded molecules with alkanes. Recently, new molecular sieves (Union Carbide, type 0.4 nm). Precautions such
experimental dafeof densities and surface tension for nonane as cooling chemicals before sample preparation and minimizing
+ 1-hexanol mixture were measured at the temperatures (288.15empty space in vessels were taken in order to avoid evaporation
298.15, and 308.15) K. In this work, experimental density and losses during manipulations and subsequent errors in calcula-
surface tension data of heptait€l-butanol,+ 1-hexanol, and tions.

+ 1-octanol mixtures at (288.15, 293.15, 298.15, 303.15, and The samples were prepared by mass using a Mettler AE-240
308.15) K and atmospheric pressure are reported. In addition,balance, with a precision of 16in mole fraction, covering the
excess molar volumes and surface tension deviations werewhole composition range of the mixture. Densities of the pure
calculated from experimental densities and surface tensions,liquids and their mixtures were measured with an Anton Paar
respectively. The resulting data were correlated using Redlich DMA 4500 vibrating-tube densimeter with an uncertainty of
Kisterl® type equation, and the obtained fitting parameters are 5-10° g-cm™3. The density measuring cell was thermostated

presented. with a temperature stability oft 0.01 K. The apparatus
. . calibration was performed periodically, and water and air were
Experimental Section used for calibration.
The mass purities and the source of chemical employed were Surface tension was measured using a Lauda TVT2 automated
as follows: heptane (Fluka 99.5 %), 1-butanol (Aldrichz tensiometer with a precision of I®mN-m~1, which is based

99.8 %), 1-hexanol (Flukaz 99.0 %), and 1-octanol (Fluka, ©n the principle of the pending drop volume. This technique
consists of measuring the volume of a drop detaching from a

* Corresponding author. Tel/Fax+34 986 812 295. E-mail: jvijande  Capillary with circular cross section. The measuring procedure
@uvigo.es. consists of a precise dosing system which forms drops continu-
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Table 2. Experimental Densitiesp and Excess Molar VolumesVE for Heptane + 1-Alkanol from T = 288.15 K to 308.15 K
T/K = 288.15 T/IK =293.15 T/IK = 298.15 T/K = 303.15 T/K = 308.15
X plgrem=3  VEcmimol~!  p/grecm=3  VEcmPmol~!  p/g:em™3  VEcmimol!  p/gecm=3  VEcmPmol~!  p/g-em™3 VE/cmP-molt
x Heptanet (1 — x) 1-Butanol

0.0510 0.80335 0.007 0.79952 0.010 0.79566 0.007 0.79177 0.011 0.78785 0.014
0.0998 0.79433 0.016 0.79046 0.018 0.78655 0.017 0.78261 0.022 0.77863 0.028
0.2067 0.77612 0.046 0.77216 0.051 0.76815 0.054 0.76411 0.062 0.76004 0.070
0.3087 0.76061 0.072 0.75657 0.080 0.75248 0.088 0.74835 0.101 0.74418 0.116
0.4059 0.74714 0.115 0.74300 0.131 0.73885 0.142 0.73465 0.161 0.73042 0.179
0.5052 0.73463 0.157 0.73046 0.174 0.72625 0.190 0.72200 0.213 0.71771 0.235
0.5986 0.72401 0.173 0.71980 0.193 0.71556 0.210 0.71128 0.235 0.70695 0.259
0.7259  0.71089 0.192 0.70665 0.212 0.70238 0.231 0.69807 0.255 0.69371 0.281
0.8066  0.70339 0.181 0.69915 0.198 0.69486 0.218 0.69054 0.242 0.68618 0.265
0.9080 0.69480 0.131 0.69055 0.147 0.68627 0.161 0.68195 0.181 0.67761 0.197
0.9523 0.69135 0.092 0.68711 0.103 0.68283 0.116 0.67852 0.132 0.67417 0.147
x Heptanet (1 — x) 1-Hexanol
0.0500 0.81476 —0.043 0.81117 —0.042 0.80756 —0.038 0.80392 —0.044 0.80026 —0.044
0.0976 0.80766 —0.076 0.80403 —0.076 0.80037 —0.072 0.79668 —0.078 0.79298 —0.080
0.3197 0.77517 —0.099 0.77133 —0.098 0.76746 —0.092 0.76356 —0.094 0.75964 —0.093
0.3943 0.76462 —0.080 0.76072 —0.077 0.75680 —0.073 0.75284 —0.074 0.74886 —0.072
0.5088 0.74893 —0.054 0.74495 —0.051 0.74094 —0.045 0.73690 —0.043 0.73283 —0.040
0.6171  0.73453 —0.012 0.73047 —0.005 0.72639 0.002 0.72228 0.005 0.71813 0.012
0.7045 0.72324 0.025 0.71914 0.031 0.71501 0.038 0.71084 0.046 0.70664 0.053
0.8080 0.71042 0.040 0.70627 0.046 0.70207 0.057 0.69785 0.067 0.69359 0.076
0.9072 0.69854 0.045 0.69433 0.055 0.69009 0.066 0.68582 0.078 0.68151 0.089
x Heptanet (1 — x) 1-Octanol
0.0514 0.82218 —0.067 0.81871 —0.070 0.81521 —0.074 0.81170 —0.073 0.80816 —0.076
0.1001  0.81602 —0.116 0.81251 -0.121 0.80898 -0.129 0.80543 —0.130 0.80185 —0.136
0.2015 0.80293 —0.197 0.79933 —0.204 0.79572 —-0.215 0.79209 -0.220 0.78843 —0.230
0.3082 0.78860 —0.220 0.78492 —0.229 0.78122 —0.241 0.77749 —0.246 0.77375 —0.260
0.4054 0.77517 —0.207 0.77141 —0.216 0.76763 -0.229 0.76385 -0.241 0.76010 -0.271
0.5170  0.75950 —0.189 0.75565 —0.198 0.75177 —0.208 0.74787 —0.215 0.74394 -0.227
0.6305 0.74328 —0.170 0.73934 —0.178 0.73537 —0.187 0.73138 —0.193 0.72736 —0.204
0.7114 0.73148 —0.142 0.72747 —-0.147 0.72344 —0.154 0.71937 —0.156 0.71528 —0.164
0.8136 0.71621 —0.074 0.71211 —-0.073 0.70799 —0.075 0.70384 —0.073 0.69965 —0.074
0.9061 0.70220 —0.016 0.69804 —0.014 0.69384 —0.009 0.68961 —0.002 0.68535 0.001
0.9518 0.69528 —0.003 0.69108 0.003 0.68685 0.008 0.68259 0.016 0.67830 0.020

ously at the end of the capillary. The volume of a drop is the TVT2 software determines the correction factaising this
determined from the time interval of droplet formation, obtained polynomial function.

by the precise measurement of the time period that goes from The total accuracy of the surface tension determination
the detaching of a drop from the capillary end to the next one, depends directly on the accuracy of the measurements of the
determined with a light barrier. Detailed instrumentation design drop volume, the capillary diameter, and the density difference
and experimental procedure have been described in the litera-between liquid and vapor phases and amounts to lesstthan
ture'! for the preceding model TVT1, which basically differs 0.1 mN-m~1. In this particular case, the uncertainty is estimated
only in the control unit, the measuring device being the same to be of+ 0.05 mNm™1,

for both models. Compared to the ring detachment or Wilhelmy

plate methods, the drop volume technique has several advan- . .

tages: first, its easy handling and small amount of sample Results and Discussion

necessary to perform the measurement; second, the temperature

control can easily be arranged in a wider temperature range than The measured density and surface tension of the pure liquids
the other methods; and finally, this method is applicable to at the working temperatures are listed in Table 1 together with

liqguid—gas and liquie-liquid interfaces without any modifica- those values found in the I|tgratL&t25 The agreement, within
tions, avoiding the disturbing and wetting effects observed in the_experlmental uncertainties for most values,_ensures bot_h the
the ri,ng or plate tensiometa? purity of the chemicals used _and the experimental dewc_es
. ’ ) accuracy. Note that the experimental data of surface tension
The surface tensioro] can thus be determined as follows:  fom literaturd®17.2124where measured using different tech-

niques: Queimada et #.used the Wilhelmy plate method,

o= ApgV. (1) Azizian et al?* used the ring detachment method, and Penas et
271 (o f all” and Segade et &t.used the drop volume technique as in
this work.
whereAp stands for the density difference between the liquid  In Tables 2 and 3, experimental density and surface tension
and vapor phasg is the gravitational acceleratioW, is the data of the three mixtures at the temperatures cited for the whole

drop volume, B.4pis the outer diameter of the capillary, arid composition range are presented together with excess molar
is a shape correction factor. The factiois introduced to correct ~ volumes ¥F) and the surface tension deviatiofd) obtained

the balance forces equation between the weight of the critical from experimental densities and surface tensions, respectively.
drop (ApgV) and interfacial tension (@caw) just before Excess molar volumes were determined from the density data
detaching due to the fact that the drop does not detach directlyas follows:

at the tip of the capillary but at its neck, which has a smaller

diameter than the capillary. As WikinsBnshowed, the cor- M 2 M
rection factor can be expressed as a polynomial functiog,@f VE=—— Xi— 2)
V13 pased on experimental data. From the average drop volume, P =T M
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Table 3. Experimental Surface Tensiono and Surface Tension DeviationAe for Heptane + 1-Alkanol from T = 288.15 K to 308.15 K

T/IK =288.15 TIK =293.15 T/IK =298.15 T/K =303.15 T/K =308.15
o Ao o Ao o Ao o Ao o Ao

X mN-m~1 mN-m-1 X mN-m~1 mN-m-1 X mN-m~1 mN-m-1 X mN-m~1 /mN-m-1 X mN-m~1 mN-m-1

x Heptanet (1 — x) 1-Butanol
0.0498 2431 —0.18 0.0503 23.76 —0.25 0.0560 23.17 —0.39 0.0491 2262 -—052 0.0507 2235 -—0.24
0.1007 23.81 —0.48 0.1008 23.26 -—0.55 0.0937 2275 -0.65 0.0997 2216 -—0.76 0.1017 2189 -—0.50
0.2005 2299 —091 0.2010 2244 -0.98 0.2085 2194 —-0.99 0.2052 2141 —-1.08 0.2054 20.98 -—1.02
0.3043 2237 -—1.13 0.2986 21.85 -—1.18 0.3020 2135 -1.19 0.3051 20.81 -—1.26 0.3025 20.33 -—1.29
0.4058 2188 —1.23 0.4002 2137 -—-126 0.3975 2086 —1.29 04003 2030 -—1.38 0.4017 19.87 -—1.37
0.5054 2156 —1.16 05009 21.01 -122 05054 2044 -—127 05040 1992 —133 0.5052 1953 -—-1.31
0.5990 21.38 —0.99 05998 20.79 -—-1.05 0.6086 20.17 —1.11 0.5966 19.72 —-1.14 0.6007 19.28 —1.19
0.7072 21.17 —0.78 0.7034 20.62 -—-0.81 0.8060 19.99 —0.48 0.7052 1948 —-0.93 0.7306 19.20 -—0.77
0.8008 21.03 -—-055 0.7971 2051 -055 0.9082 19.85 -0.20 0.8014 19.39 -0.62 0.8079 19.10 -0.57
0.8982 2094 -—-0.27 0.9020 20.37 -—0.28 0.9502 19.81 -—0.07 0.9024 19.30 -—-0.29 0.9086 18.99 —0.29
0.9532 20.87 —0.13 0.9511 20.33 -0.12 0.9507 19.27 —0.12 09532 1890 —0.21

X Heptanet (1 — x) 1-Hexanol
0.0507 25.60 —0.21 0.0494 25.01 -0.33 0.0497 2461 -0.30 0.0488 2410 -0.37 0.0428 23.64 -—0.32
0.1018 25.01 —0.53 0.1036 2445 -0.60 0.0987 2405 -059 0.1027 2355 -—0.62 0.1025 23.03 -0.61
0.2001 24.02 —1.00 0.2010 2347 -1.06 0.2023 2292 -—1.15 0.1865 22.62 —1.08 0.1986 22.00 -—1.14
0.3087 2322 —123 0.3037 2265 —1.34 0309 2209 -1.39 0.3100 2159 —1.43 0.3055 21.10 -—1.49
0.3949 2255 —1.45 04422 2175 -149 04078 2145 -—149 04122 2097 -—1.48 04030 2052 -1.55
05021 22.16 —1.28 0.5056 2154 —-1.37 05054 2104 -136 05086 2049 —1.43 0.4980 20.11 -—1.46
0.6053 2180 -—1.09 05979 2126 -—1.15 0.6099 2058 —1.25 0.6147 20.00 —1.33 0.6165 19.57 —1.38
0.7097 2146 —0.88 0.6999 20.80 —1.07 0.7075 20.28 -1.00 0.7097 19.78 —1.02 0.7042 1935 -1.13
0.8055 21.20 -—0.63 0.8091 20.54 -0.75 0.8127 20.04 -0.67 0.8089 1954 —0.71 0.8118 19.06 —0.86
0.9066 21.05 —0.26 0.9061 20.43 -0.34 0.9050 19.93 -0.27 0.9068 19.26 —0.44 0.9054 18.89 —0.54
0.9517 2094 —0.13 09510 20.29 -0.24 09515 19.74 -0.20 0.9519 19.13 -0.33 0.9503 18.77 —0.42

x Heptanet (1 — x) 1-Octanol
0.0516 26.75 —0.32 0.0564 26.14 -0.42 0.0541 25.64 —051 0.0504 2518 —0.54 0.0562 2454 -—0.61
0.0995 26.18 —0.57 0.1057 2554 -0.69 0.1083 25.03 -0.75 0.1033 2457 -—0.79 0.1017 24.05 -—0.80
0.1845 25.05 —1.14 0.2084 2434 -—-1.21 0.2004 2391 —124 0.2052 2346 —1.20 0.2078 2286 —1.29
0.3346 23.74 —1.46 0.3112 2338 —148 03137 2282 -—-155 0.3108 2237 -—-156 0.3065 21.92 —1.58
0.4142 2312 —156 0.4066 2259 -—-1.63 0.4050 22.09 -—166 04134 2156 -—1.66 0.4117 21.11 -1.70
0.5034 22,60 —1.49 05114 2196 -157 05089 2144 -—-160 05153 2094 -—158 0.5064 20.53 -—1.65
0.6074 2216 —1.24 06092 2152 -135 0.6085 2094 —141 0.6005 2046 —1.47 0.6065 20.00 —1.52
0.6639 2190 —1.13 0.7164 2099 -1.17 0.7107 2046 —1.20 0.7067 19.98 —1.22 0.7081 19.61 —1.24
0.8325 21.24 —-0.68 0.8124 20.62 -0.89 0.8072 20.15 -0.85 0.8043 1958 -—0.95 0.8000 19.27 —0.98
0.9105 2094 -—0.46 0.8965 20.48 —-0.48 0.9071 19.82 -0.49 0.9047 19.22 —-0.62 0.9028 18.88 —0.69
0.9561 20.87 —0.24 09573 20.26 -—-0.29 0.9536 19.64 —0.35 0.9486 19.14 —-0.40 0.9483 18.82 -—0.45

where M and M; are the molar masses of the mixture and Table 4. ParametersA; in Equation 4 and Standard Deviations
componenti, respectively;p and p; are the densities of the
mixture and component and x; is the mole fraction of the
componenti.

The surface tension deviationAd€) were calculated by

®3)

whereo ando; are the surface tensions of the mixture and the

component, andx; is the mole fraction of the component
Excess molar volume®/f) and the surface tension deviations

(Ao) were fitted to a RedlichKister!® type equation:

Q= Xlngo Af2x, — 1)

N

(4)

whereQ representd/F or Ao, and A« denotes the polynomial
fitting coefficients that they were obtained by the unweighted
least-squares method. The degree of the polynomial was
optimized by applying the F-te$tThe computed\ parameters
are shown in Table 4.
Figure 1 shows excess molar volumes obtained from experi-
mental densities of heptang 1-alcohol mixtures against
composition at 298.15 K, being positive in all composition range

for heptanet 1-butanol, showing a sigmoidal curve for heptane Ac/mN-m~*

+ 1-hexanol, and being negative for heptané-octanol. The
negative region increases when the alcohol chain length
increases. The surface tension deviatiofns)(for heptane+

(s’em3mol~?) for Heptane + 1-Alkanol

TIK Ao A A Ag s
Heptanet 1-Butanol
VE/lcmimol™t 288.15  0.5811 0.6253  0.4052 0.3763 0.008
293.15 0.6473 0.6763  0.4437  0.4358 0.009
298.15 0.7059 0.7253 0.4778 0.5593 0.010
303.15 0.7890 0.7746  0.5590 0.6575 0.012
308.15 0.8725 0.8372 0.6243 0.7022 0.014
Ao/mN-m~%  288.15 —4.693 1.783 0.843 0.04
293.15 —4.785 2.048 0.03
298.15 —5.041 1.524 0.686 2441 0.03
303.15 —5.177 1.496 -—0.910 2.885 0.05
308.15 —5.326 2.782 1.089 —2.422 0.03
Heptanet 1-Hexanol
VE/cmi-mol™t 288.15 —0.2099 0.6636 0.0667 0.2681 0.004
293.15 —0.1966 0.6802 0.1125 0.3302 0.005
298.15 —0.1789 0.6921  0.2154  0.3707 0.005
303.15 —0.1733 0.7201  0.2467 0.5173 0.006
308.15 —0.1628 0.7495 0.3061 0.5893 0.007
Ao/mN-m~%  288.15 —5.285 1.908 1.090 0.06
293.15 —5.553 1.621 -—0.204 0.06
298.15 —5.649 2.104 0.04
303.15 —5.792 2.342 —-0.533 -—1.794 0.05
308.15 —5.996 1.150 —1.329 0.07
Heptanet 1-Octanol
VE/cmi-mol~! 288.15 —0.8175 0.3516 —0.0352  0.5303 0.011
293.15 —0.8571 0.3553 0.0157 0.6182 0.011
298.15 —0.9054 0.3651 0.0486 0.7311 0.012
303.15 —0.9453 0.3814 0.1570 0.7936 0.013
308.15 —1.0200 0.4465 0.2576 0.7687 0.014
288.15 —5.922 1.764 0.07
293.15 —6.264 1.423 —0.579 0.05
298.15 —6.368 1.725 —1.104 0.05
303.15 —6.335 1.775 —2.142 -1.064 0.06
308.15 —6.490 1.413 —2.563 0.07
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Figure 1. Excess molar volumes obtained from experimental densities
against mole fraction ok heptanet+ (1 — x) alcohol at 298.15 K:O,
1-butanol;a, 1-hexanold, 1-octanol;—, eq 4.

0O, 1-octanol.
00 0.04
-0.4 = 002 | "
g gz o OR
:E, 0 /%?@A E%O, _
EO08F e - - O g
E . © 0,02 |- \gﬁ/ i
a2 0 '
-0.04 — : e :
0 02 04 06 08 1
L6 Figure 5. Deviations of excess molar volun®/E for x heptane+ (1 —
r X) 1-butanol at 298.15 KO, ref 27; A, 28; 0O, ref 29; —, & 0.1 x VE
20 | I | 1 (eq 4).
0 02 04 N 06 08 1
Figure 2. Plot of surface tension deviations against mole fraction of Volumetric properties of he_ptane 1-alcohol at different
heptane+ (1 — x) alcohol at 298.15 KO, 1-butanol;a, 1-hexanol;d, temperatures have been published by many authors; however,
1-octanol;—, eq 4. no experimental data of surface tension have been presented so
far for these mixtures. For comparison, in Figure 5 the deviations
03 ' (eq 5) between our correlated data with Redtitdister equation
o (eq 4) and some authors experimental &#afd at 298.15 K
02 1= o o ° 7 are shown:
5 O
=]
£ OVE=VE — Ve ©)
2
2 ' i \E bei i i
4 A A A A A * being the literature excess molar volumes, &fd, is the
= o b | value of the excess molar volumes fitted with the Redtich
A Kister equation (eq 4), using our correlation parameters, at the
02l 4 | same mole fraction. As it can be observed _in Figure 5 there is
= | 0 agreement between our results and the previously published data
| | ‘ | = within ~10 % over most of the mole fraction range. This
'0'3285 200 295 300 305 310 percentage is also similar to the one obtained by establishing a
T/K comparison among different literature references experimental
Figure 3. Excess molar volume against temperature for heptahealcohol data?’~2°
mixtures at equimolar compositionO, 1-butanol; A, 1-hexanol; O,
1-octanol. Acknowledgment
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