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Density, Viscosity, and Vapor Pressure of Dichlorophenylphosphine Sulfide
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The density and viscosity of dichlorophenylphosphine sulfidgH@SC}) over a temperature range of (303.16

to 423.40) K were measured. The vapor pressure of dichlorophenylphosphine sulfide in the range of (417.83 to

448.12) K were measured by a static method. The density data were fitted to a second-order polynomial, the

viscosity data were fitted to the Andrade equation, and the results of vapor pressure data were fitted to the Antoine
equation. The density data and vapor pressure data of dichlorophenylphosphine sulfide were compared with literature

values.

Introduction Table 1. Density of DCPPS

Dichlorophenylphosphine sulfide (DCPPSHPSC}) is an TK__ plgem™  1000% TK  plgrem™  1000°
intermediate for the production of bis(4-carboxyphenyl)phenyl 303.16 ~ 1.3818 —0.234 37475 12841 —0.588
phosphine oxide, a halogen-free flame-retarding monomer that g%g;g ig;‘g‘g :8-225 ggg-gg i-%gg :g-égi
can be chemically mcor_porated into various macromolequles 33285  1.3565 0.424 20385  1.2370 —0.501
to produce flame-retarding polymerdn general, DCPPS is 343.00  1.3443 0.499 41265  1.2324 0.410
widely used in the preparation of flame retardants, insecticides, 353.19 1.3291 0.411 423.40 1.2106 0.278
and p|asticizer§_ 363.25 1.3084 —0.056

Although commercially a_vailable, the density, viscosity, and . 159s = 1000 — peaid/p.
vapor pressure of DCPPS in a range of operating temperatures,

which are very important and necessary for the design of neasurements in the range of (363.25 to 423.40) K. The mass
industrial processes, are not available in the literature. Up 10 \ya5 determined on an electronic balance with a precisies of
now, the density value of DCPPS at 293.15 K 1.4042 0.1 mg. The picnometer was then immersed in a thermostat bath
grem9)° and 298.15 K ¢ = 1.390 gem ) were reported. it temperature control precision df 0.01 K. The measured
The boiling temperatures of DCPPS at 3.47 RRaG7 kPe densities of DCPPS are listed in Table 1. The densities of pure
0.27-0.40 kP4;" and 0.08 kPawere reported in the literature.  yater and ethylene glycol are obtained from the literateiihe

In this paper, the density and viscosity of DCPPS_ are estimated uncertainty in density was5 x 104 g-cm 3.
presented in the range of (303.16 to 423.40) K, respectively,  viscosity Measurementsin Ubbelohde capillary viscometer
and the results of density were compared with the literature \was used to measure the viscosity. The capillary was calibrated
values. The vapor pressure of DCPPS in the range of (417.83(including a kinetic energy correction term) with pure water in
to 44812) K, were measured by a static method and COI’I‘e|atedthe Corresponding experimental temperature range. The kine-

to the Antoine equation. A comparison was made with reported matic viscosity is expressed as a function of two constdats (
values as mentioned above. ko) and the flow timet:

Experimental Section v=Kkit — Kyt (1)

Chemicals DCPPS was synthesized from BQienzene, and
sulfur in our laboratory following the procedure described by The kinematic viscosity for calibration was obtained from
Wang et aP Then it was distilled under reduced pressure (2.67 literature values of the absolute viscosity and derdityhe
kPa). The purity of DCPPS after distillation was 99.9 % (mass) capillary was 0.55 mm in diameter and 40 mm in length;
determined by a gas chromatography test. The refractive indextherefore, the end correction could be neglected. The same
value was obtained at 2T on an Abbe model refractometer viscometer was used for all measurements.
with an uncertainty oft 0.0001np. The measured value was The temperature control setup used was identical to that used
np?® = 1.6179, which agrees with the values in the literature for density measurements described earlier. The flow timas
(Np?° = 1.62278° npy?0 = 1.6176). Ethylene glycol purchased recorded with a stopwatch of precision 0.01 S. Each measure-
from Beijing Chemical Reagent Company was an analytical ment was repeated 10 times and averaged as the final result.
reagent. The measurement uncertainty was withir0.1 S @& 0.33 % at

Density MeasurementsA 10 cr® picnometer calibrated with  the high end of temperature). The density values used to convert
deionized and double-distilled water was used for the measure-kinematic viscosity to absolute values were calculated from the
ments in the range of (303.16 to 353.19) K. The same fitted equation. The measured viscosities of DCPPS over a range
picnometer calibrated with ethylene glycol was used for the of temperature are listed in Table 2. The measured flow time

was in the range of (80.72 to 172.38) S; the estimated

* Corresponding author. E-mail: jswu@public3.bta.net.cn. uncertainty in viscosity was withig= 0.5 %.
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Table 3. Vapor Pressure Data of DCPPS

TIK pkPa 10092 TIK pkPa 10002
417.8 2.77 0.60 435.4 597 -1.81
420.0 315 —2.64 438.1 6.45 1.47
423.1 3.47 0.99 440.8 734 —071
425.1 390 —2.08 4433 810 —0.76
427.9 4.26 0.90 445.9 8.95 —0.40
430.4 4.65 2.65 448.1 9.77 —0.48
433.1 5.21 2.44

Figure 1. Apparatus for the measurement of vapor pressure: 1, equilibrium 21006 = 1000 — pea)/p-

cell; 2, condenser; 3, temperature indicator; 4, thermoregulator; 5, agitator

blade; 6, to mercury pressure gauge; 7, buffer bottle; 8, nitrogen cylinder; Table 4. Antoine Constants for DCPPS
9, to vacuum pump; 10, thermostat bath.

Antoine constants temperature range
Table 2. Viscosity of DCPPS A B C K 100 AAD

TIK n/mPas 10002 TIK ylmPas 10062 9.198 4011 40.45 417-8448.1 1.38
303.16 3.634 3.849 374.75 1.199 —0.037 _
313.12 2.957 1.100 383.20 1.082 —0.358 pressure data for DCPPS in the range of (417.83 to 448.12) K
323.25 2439 —-1.175 393.26 0.972 0.270 are listed in Table 3.
gfé-gg i-?gi —i-ggg igg-gg 8-%; 8-;38 DCPPS is a slightly yellowish transparent liquid at ambient
35319 1556  —1651 42340 0.729 2171 temperature. When the temperature was raised to 448.12 K, _the
363.25 1356 —2.084 color of the sample began to change and became yellowish

brown. This phenomenon indicates that the DCPPS will
21006 = 10007 — 1ca)/n- decompose above this temperature.

Vapor Pressure Measurementsthe vapor pressure was Results and Discussion

measured by a static method. The apparatus setup is schemati- . . .
cally shown in Figure 1. It consists of a temperature control Results.The measured data of the density, viscosity, and

and measurement system, a vacuum pump, and a pressure. vapor pressure of DCPPS were fitted to the following equations.

measurement system. An equilibrium cell with a U-type tube Density versus temperature was fitted to a second-order
construction for the judgment of pressure balance, as shown mpolynom|al
Figure 1, containing the liquid sample was immersed in the
thermostat silicon oil bath. The temperature of the oil bath was °/9° cm ° = 1.372+ 1.130x
controlled automatically by a YCC-16 intelligent controller to 10 ¥(T/K) — 3.590x 10 8(T/K)? (2)
+ 0.1 K. In the pressure measurements, a U-type mercury
pressure gauge was used, and the height difference wasViscosity versus temperature was fitted to the Andrade equation:
measured by a cathetometer. The measured pressures were
corrected by a barometer. The accuracy of the pressure In(p/mPaS) = —4.346+ 1697/(T/K) 3)
measurements was better than 0.013 kPa.

The apparatus setup had been tested by measuring the vapovyapor pressure versus temperature was fitted to the Antoine
pressure of pure water from (293.15 to 353.15) K and by equation:
comparing the results with literature vali8sThe deviations
between the experimental results and the literature values were _,__ B
within 4+ 0.2 %, which showed the apparatus to be reliable. log(p/kPa)= A C+TK “)

The equilibrium cell was made of thin-walled glass to aid
the sample to reach rapid temperature equilibrium with the wherep is the vapor pressurd; is the temperature; and, B,
surrounding silicon oil bath. Before setting the equilibrium cell andC are the Antoine constants.
in the thermostat bath, it was necessary to degas the sample The Antoine constantd, B, andC determined from least-
thoroughly. The liquid sample was degassed by repeated freeze squares fitting and the absolute average deviation are listed in
evacuate-thaw cycles. After degassing, the equilibrium cellwas Table 4. A comparison of the vapor pressure obtained from the
immersed in the thermostat bath and connected to the vacuunfitted equation and the measured data and the literature values
system with a condenser in between. Along with the evacuation is shown in Figure 2.
process, the space in the U-type tube of the equilibrium cell ~ The absolute average deviation (AAD) of measured data from
was filled with pure vapor of the liquid sample. At each selected the fitted equation is defined as
temperature, evacuation was conducted continuously until the
liquid sample in the equilibrium cell began to bolil, then the _1 _
nitrogen gas was filled into the vacuum system carefully to AAD(p) = Nzlp‘ Picad!P, ()
adjust the system pressure to equal the vapor pressure of the
sample by observing the liquid levels in the U-type tube of the _1 _
equilibrium cell. The temperature and the pressure were recorded AAD() = ‘Z i = Micad ©)
and corrected correspondingly. The operation was repeated
seven to eight times at each temperature, and an averaged value
was adopted. The maximum deviation between the individual
measured values for each temperature was withi.05 %.
The vapor pressure measurement versus temperature wasvhere the suffix calc stands for the calculated values from fitted
performed in every (25) K intervals. The experimental vapor  equations. The absolute average deviation of density, viscosity,

AAD(P) = X3 1P~ Pycad/P 7)
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100 at (0.27 to 0.40) kPa, and (76 to 70 at 0.08 kPa, respectively,
which are beyond the temperature range of these experimental
measurements. The boiling temperatures calculated from eq 6
are 114.55C at 0.67 kPa, 97.12C at 0.27 kPa, and 76.0€

10 - . at 0.08 kPa, respectively, which could be regarded as a useful
M reference.
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