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Selected Physicochemical Properties of Dibutoxymethane
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Liquid densities, viscosities, heat capacities, thermal conductivities, and saturated vapor pressures were
measured for 99.98 mol % pure dibutoxymethane over the temperature ranges (293—393) K, (283—403)
K, (293—416) K, (283—373) K, and (366—453) K, respectively, by using an Anton Paar densimeter, a
Hoepler viscosimeter, a Perkin-Elmer DSC 1B, the “hot wire” technique, and comparative ebulliometry,
respectively. The experimental data were correlated and smoothed values or deviations, and for vapor
pressure data, overall measures of data reproducibility are given.

Introduction

Chemically, dibutoxymethane [2568—90—3], CH,(OC4Hy),,
is an acetal (formaldehyde dibutylacetal or dibutyl formal)
and at the same time an ether (methyleneglycol dibutyl
ether). It is a dialkyl derivative of aldehyde hydrate and
is produced by treating an aldehyde with an alcohol. As a
relatively versatile compound, it is used in the manufacture
of synthetic resins, antiseptics, deodorants, and fungicides.
Acetals including dibutoxymethane have been reported to
be useful as fuel additives, improving the octane number
of gasolines or the n-cetane number of diesel fuels and
decreasing smoke and particulate emissions.! There are
only fragmentary physicochemical property data available
for dibutoxymethane. Its liquid and gas enthalpies of
formation are (=549.4 &+ 1.7) and (—501.3 £ 3.0) kJ-mol~*
at 298.15 K, respectively, the heat of evaporation is (48.1
+ 2.5) kJ mol~t at 298.15 K, and the standard enthalpy of
combustion is (5850 + 1.7) kJ-mol~1.2

The compound is practically insoluble in water, 1 cm?3
in 100 cm?® water at 293.15 K; it is less dense than water
and produces a heteroazeotrope with water (~62% by mass
of water) boiling at 371.25 K.2 The compound is an
important industrial chemical, and it was deemed of
interest to measure some property data including saturated
vapor pressure, liquid density, viscosity, liquid heat capac-
ity, and liquid thermal conductivity. Generally, there are
no comparable data to be found at the comparable condi-
tions of the present study.

Experimental Section

Chemicals. A laboratory substance, 99% pure, was dried
for 48 h over 4A molecular sieves and then rectified through
a 35-theoretical plate column. A forerun, about 25%, was
collected at a reflux ratio of 1:30. The major fraction was
collected within the boiling temperature range of +0.005
K. The resulting product was 99.98 mol % pure. It was
found by Fischer’'s method to contain 0.02% (by mass) of
water. Gas chromatography showed no other contaminants
to be present. This product was used for the physicochem-
ical measurements.

Table 1. Experimental Results for Liquid Density, p and
Ap, of Dibutoxymethane from 293.15 K to 393.15 K

T I Ap T o Ap

K kg-m—3 kg-m—3 K kg-m—3 kg-m—3
293.15 835.45 0.08 342.15 792.41 —0.02
298.65 830.42 0.16 349.15 785.98 0.22
303.15 826.65 0.00 354.15 781.75 0.02
309.15 821.38 0.02 360.15 776.45 —-0.01
313.15 817.92 —0.02 366.15 771.11 0.00
322.45 809.71 0.03 373.15 765.02 -0.14
328.15 804.74 —-0.01 378.15 760.43 —-0.01
333.15 800.24 0.09 384.15 755.06 0.00
338.15 795.93 0.01 393.15 747.01 —-0.01

Results

Density. The literature*~¢ reports only single-tempera-
ture data for liquid dibutoxymethane, usually at 293.15 K.
The values vary from 831 kg-m~2 to 837.5 kg-m~23 . Vogel's
data 7 (835.4—781.3) kg-m~3 at (293.15—359.05) K, identical
with the present value at room temperature, are becoming
increasingly high as the temperature is increased. Vogel's
material may well have been impure because Vogel's
boiling point is by 0.42 K higher than the present boiling
point.

An Anton Paar densimeter DMA 60/DMA 602H was
used to measure the density over the temperature range
(293.15—393.15) K. The temperature of the measuring cell
in the densimeter was controlled with a thermostat with a
circulating medium to within £0.03 K. A precision quartz
thermometer was used to read the cell temperature to an
accuracy of £0.015 K. The oscillation period (z) in the
vibrating U-tube of the densimeter was converted to
density by using the following equation:

p=AF - B) @

where the A and B constants were established by using
the literature data for pure water and dry air. The
uncertainty in the density measurement was estimated to
be +0.01 kg-m~3. Data are listed in Table 1. The experi-
mental values were correlated by the parabolic equation
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plkg-m 3 = 1079.78 — 0.7965T/K —
(1.27027 x 10~ *)(T/K)? (2)

Viscosity. So far no viscosity data have been reported
for liquid dibutoxymethane. Viscosities were measured
with a Hoeppler viscosimeter over a temperature range of
(283.15—403.15) K. The measurements were accurate to
within £0.001 mPa-s. Data are listed in Table 2. The
experimental data were correlated with the equation

541.0837

Iog(n/mPa-s) = —1.85894 + m

®)

Liquid Heat Capacity. So far no heat capacity data
have been reported for liquid dibutoxymethane. The heat
capacity of dibutoxymetane was measured over the tem-
perature range (293.15—393.15) K with a DSC-1B Perkin-
Elmer differential scanning microcalorimeter. The uncer-
tainty in the liquid heat capacity measurement was
estimated to be +£0.01 J mol~! K1, Sapphire, 99.9999%
pure, was used as a standard. The experimental data
(Table 3) were correlated by the use of the equation

c/J'm K™ =90.23 + 0.8794T/K —
(2.117 x 10”%)(T/K)? (4)

Thermal Conductivity. The literature contains no data
on the thermal conductivity of liquid dibutoxymethane. The
measurements were carried out by the most commonly
used transient method, the “hot wire” method, which
measures the temperature gradient produced when a thin
wire of low thermal capacity is heated. The measuring cell
was a water-jacketed capillary, which made a double-step
precision thermostating possible. A thin platinum wire was
placed concentrically inside the capillary, which was placed
in a Wheatstone bridge circuit to dermine 1 from measure-
ments of the heat source alone. The capillary was filled
with liquid dibutoxymethane, electric current was passed
at varying intensities, and at each intensity the resistance
of the wire was measured. The calibration constants for
the measuring cell were evaluated from measurements
carried out for water and methyl alcohol as standard
liquids. The uncertainty in the thermal conductivity mea-
surement was estimated to be +0.1 mW-m~1-K~1, The data
measured (Table 4) were correlated with the following
equation

AmW-m 1K™ =140.0 — 0.28(T/K — 273.15) (5)

Vapor Pressure. The comparative ebulliometric tech-
nique comprising a dynamic twin-ebulliometer assembly
was used as described elsewhere.® Temperature was mea-
sured with a platinum resistance thermometer (Leeds &
Northrup, model 8163-C) operated in conjunction with a
Mueller bridge (Leeds & Northrup, type G-2) and an
electronic null detector (Leeds & Northrup, model 9834).
To provide replicate data, each equilibrium point was
measured six times. The maximum uncertainty in the
temperature measurement and the associated pressure
inconstancy were estimated at £5 mK and 46.7 Pa,
respectively. To obtain the fits to the Antoine equation

_ _ 2975.26
In P/kPa = 13.2185 TIK — 107273 6)

the maximum likelihood method was used, as described
in more detail elsewhere.?® Table 5 lists the observed (T;,
P;) data pairs, their estimated precision measures (ots, Ops),

Table 2. Experimental Results for Liquid Viscosity, g
and Apg, of Dibutoxymethane from 283.15 K to 403.15 K

T U An T Ul An

K mPa-s mPa-s K mPa-s mPa-s
283.15 1.236 —0.001 338.45 0.587 —0.002
285.35 1.192 0.000 343.05 0.558 —0.002
289.95 1.108 0.001 347.75 0.530 —0.001
293.65 1.047 0.001 353.65 0.498 —0.001
296.45 1.002 0.004 360.95 0.462 —0.000
301.35 0.940 —0.003 368.35 0.428 0.002
311.35 0.818 —0.002 373.95 0.409 —0.001
318.05 0.745 0.003 388.45 0.359 —0.000
323.15 0.700 0.001 397.65 0.330 0.002
332.75 0.624 0.001 403.15 0.320 —0.002

333.45 0.619 0.001

Table 3. Experimental Results for Liquid Heat Capacity,
Cp and AC,, of Dibutoxymethane from 293.15 K to 416.15
K

Co AC, Co AC,
T J-mol~%  J-mol-1. T J:mol~%  J-mol~1-
K K1 K1 K K1 K1
293.15 329.84 —-0.01 350.05 372.13 —-0.01
299.15 334.31 0.05 366.65 384.42 —-0.22
303.15 337.37 -0.01 368.45 385.50 0.00
309.15 341.87 —-0.01 375.95 390.92 0.01
313.15 344.83 0.02 377.85 392.28 0.01
320.95 350.68 -0.01 385.25 397.61 —-0.01
322.75 352.02 —0.02 387.15 398.95 0.01
331.85 358.72 0.03 404.15 411.02 0.04
339.05 364.09 —0.04 405.95 412.36 —0.02
340.95 365.44 0.01 415.15 418.84 -0.01
348.25 370.79 0.02 416.15 419.51 0.02

Table 4. Experimental Results for Liquid Thermal
Conductivity, 4 and A4, of Dibutoxymethane from 283.15
to 373.15 K

T A AL T A AL

K mW/(mK) mw/(m K) K mW/(mK) mw/(mK)
283.15 137.3 0.1 333.15 123.1 -0.1
293.15 134.4 0.0 343.15 120.4 0.0
303.15 131.5 -0.1 353.15 117.4 -0.2
313.15 128.7 -0.1 363.15 114.9 0.1
323.15 126.0 0.0 373.15 1121 0.1

and the deviations (AT, AP;) between the calculated and
observed variables. The AT;, AP; values allow us to check
whether the values obtained for error variances are app-
propriate, by assessing whether the variations in these fall
properly within their (computed) confidence intervals. Since
neither AT; nor AP; alone is adequately representative as
an overall measure of reproduction for an individual data
point, we suggested?®

i = [sgn(AT)]i/o (7)
where, for the present case,
ki = [(APop)? + (AT o7 ) ®)

as an overall measure of data-point reproduction, where «;
is the distance between the i-th observed and estimated
data points in the (P, T) space, and ot and op are adopted
as length units. The «; values are seen (eq 8) to be scaled
with respect to 6, that is, to the standard deviation of «;.8
The sign of AT; has been attributed to «; to have the
experimental point located “below” or “above” the response
curve. When systematical errors are absent, «; should be
randomly distributed about zero; large «; values (>1) may
indicate outliers. The «; values listed in Table 5 are seen
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Table 5. Experimental Temperatures, T, Orthobaric
Pressures, P, Precision Measures, ¢T and ¢P, Calculated
Residuals, AT and AP, and Overall Measures of
Data-Point Reproduction, k, of Dibutoxymethane from
366.245 to 452.797 K

T or AT P op AP K
K K K kPa kPa kPa

366.245 0.021 —0.009 5.637 0.003 0.001 0.09
368.993 0.009 0.004 6.366 0.005 -—0.001 —0.27
372.354 0.010 0.028 7.365 0.003 —0.002 112
374.145 0.010 0.016 7.936 0.004 -0.002 -—0.73
377.220 0.013 —0.001 8.994  0.008 0.000 —0.03
377.516 0.010 0.008 9.108 0.003 -—0.000 —0.27
381.499 0.012 0.003 10.686  0.006 0.000 —0.09
384.044 0.005 —0.013 11.785 0.003 0.001 1.32
386.220 0.005 —0.010 12.812  0.003 0.001 -1.92
389.313 0.005 0.021 14.459 0.004 -—-0.004 -—1.85
390.768 0.009 —0.017 15.204 0.007 0.001 -0.91
394.234 0.010 0.037 17.317 0.002 —0.005 1.18
398.162 0.006 0.011 19.917 0.007 —0.002 —0.98
400.359 0.006 0.000 21.470 0.009 0.000 -0.13
403.058 0.008 —0.021 23.507 0.009 0.002 -—1.26
408.800 0.010 0.000 28.532 0.008 —0.000 -—0.02
409.858 0.010 —0.024  29.492 0.009 0.000 0.89
415.246  0.007 0.013 35.113 0.009 —0.005 0.94
419.503 0.010 0.017  40.047 0.009 —0.000 0.61
423.800 0.009 0.022 45596 0.011 —0.002 0.96
427.447 0.009 —0.020 50.647 0.009 0.002 0.75
432.709 0.007 —0.003 58.894 0.011 0.000 -0.21
452.797 0.005 —0.001 100.225 0.008 0.000 —0.08

to oscillate around zero with satisfactory frequency. The
calculated deviations (Table 5) in observed temperature
(AT) and pressure (AP) show a consistently statistical
pattern, and especially as regards temperature, they do not
rise in the vicinity of the normal boiling point. This fact
proves that the substance is thermally stable and shows
no signs of decomposition as the temperature is increased.
Indirectly, this fact is also a confirmation of the high purity
of the sample used for the measurements. When expressed
in common logarithms, the constants in the equation (A’
= 5.75114, B' = 1298.562) are close to the average
constants obtained for about 50 hydrocarbons.112 The

Antoine equation has been found to give reliable extrapola-
tions to 200 kPa. The present equation is believed to permit
predictions to within +1 kPa or better at about 150 kPa.
The correlation equations given for the remaining property
data are valid within the experimental range.
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