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Densities and Viscosities of Binary Mixtures of 1-Butanol with Methacrylic Acid,
Benzyl Methacrylate, and 2-Hydroxyethyl Methacrylate between 288.15 K and
318.15 K

Jui-Tang Chen,* Wen-Lu Weng, and Hsiao-Pei Chu

Department of Chemical Engineering, Ming-Hsin University of Science and Technology, Hsin-chu, Hsin-feng 304,
Taiwan, Republic of China

Densities and viscosities of binary mixtures of 1-butanol with methacrylic acid, benzyl methacrylate, and
2-hydroxyethyl methacrylate were measured at temperatures from 288.15 K to 318.15 K. A pycnometer and a
Cannon-Fenske routine viscometer were used to determine density and kinematic viscosity, respectively. The
excess molar volume¥ & and viscosity deviationgy were calculated from the experimental data and were
correlated by a RedlichKister-type polynomial. McAllister’s three-body and four-body interaction models were

used to correlate the kinematic viscosities. These model parameters were also treated to be temperature dependent.

Introduction Table 1. Densitiesp and Viscositiesy of 1-Butanol at Different
Temperatures

Color filter is one of essential parts of color liquid crystal olg-cm yl(mPas)
display, and the pigment dispersed color resist (PDCR) is the - -
most important material for manufacture of this part. In our 'K exptl it exptl it
laboratory, we are interested in investigating the transport 298.15 0.8056 0.805%5 2.566 2578
properties and storage stability of color resists. The thermo- 8'282% gggg
physical properties of a binary mixture such as density and 0.8057 2578
viscosity are useful in the design of many types of process and 0.8060 2.570
transport equipment in chemical industries. Methacrylic acid 0.8059 2.506
(MAA; 2-methyl-2-propenoic acid), benzyl methacrylate (BzMA; 8'38;;‘11 gg%
2-methyl-2-propenoic acid, phenylmethyl est_er), 2-hydroxyethy| ' ' 2’550
methacrylate (2-HEMA; 2-methyl-2-propenoic acid, 2-hydroxy- 308.15 0.7980 0.79821 1.998 1.982
ethyl ester), and 1-butanol are the key compounds in the 0.7980 2.000
manufacturing of the pigment dispersed color resist industries. 0.7985" 1.929
A series of density and viscosity measurements have been made 8'?82% 1'825
recently in our laboratory-2 This paper reports on the binary 0.8001 2.000
systems composed of 1-butanol with methacrylic acid, benzyl 1.92%
methacrylate, and 2-hydroxyethyl methacrylate at (288.15, 2.000
298.15, 308.15, and 318.15) K and over the entire composition 31815 0.7905 0.7962 1.550 1.493

range. No literature data were found at comparable conditions.  azef 5 b Ref 6.¢ Ref 7.9 Ref 8 ¢Ref 9.1 Ref 10.9 Ref 11." Ref 12.
From the experimental results, the excess molar volumes and ref 13.i Ref 14.k Ref 15. Ref 16.

the viscosity deviations were calculated and were correlated by
a Redlich-Kister-type polynomial. McAllister’s three-body and
four-body interaction models were also used to correlate the
kinematic viscosities. Furthermore, these model parameters wer
treated to be temperature dependent.

The internal volume of the pycnometer was calibrated with pure
water* at each temperature of interest. The sample mixture was
repared by mass with an uncertainty 6f0.0001 in mole
raction. To minimize the evaporation during the sample
preparation, the heavier component was charged first. Three
loaded pycnometers were immersed in a thermostatic bath
(Neslab GP-500), which was controlled to within0.03 K. A
MAA (mass fraction 99 %) was obtained from Sigma- precision digital thermometer (model 1560, Hart Scientific) with
Aldrich. 2-HEMA (mass fraction 98 %) was supplied by Acros @ thermistor probe was used to read the temperature with an
Organics. BzZMA (mass fraction 98 %) was purchased from uncertainty oft- 0.015 K. The mixture densities were obtained
Showa Chemical Co. Ltd. 1-Butanol (mass fraction 99 %) was by averaging the results from these three replications. The
obtained from J. T. Baker. The purities of these substances wereuncertainty of reported densities was estimated to be less than
checked with gas chromatography before use. All reagents were® 0.1 %. The sample compositions were frequently checked
used without further purification. The densities were determined Wwith gas chromatography at the end of measurements, indicating

with a pycnometer having a nominal internal volume of 1¢cm  that the variations were minimal. The kinematic viscosities
were measured using Cannon-Fenske routine viscometers (size

* Corresponding author. E-mail: dale_chen@must.edu.tw. Fe886-3- 75, supplied by Cannon Instrument Co.). The viscometer was
6007577. placed in a thermostatic water bath (TV-4000, TAMSON), in
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Table 2. Densityp and Viscosity 5 for 1-Butanol (1) + MAA (2)

pl(g-cm3) nl(mPas) V E/(cmi-mol~1) onl(mPas)
TIK
X1 288.15 298.15 308.15 318.15 288.15 298.15 308.15 318.15 288.15 298.15 308.15 318.15 288.15 298.15 308.15 318.15
0.0 1.0183 1.0095 0.9994 0.9892 1.447 1.267 1.078 0.945 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.1000 0.9963 0.9877 0.9780 0.9681 1.632 1.400 1.174 1.015 0.0030 0.005m41 —0.0165 —0.001 0.003 0.006 0.009
0.2000 0.9747 0.9665 0.9574 0.9481 1.818 1.534 1.275 1.6900273 —0.0424 —0.0825 —0.1094 0.003 0.009 0.015 0.022
0.3000 0.9543 0.9463 0.9377 0.9287 2.009 1.672 1.377 1.1600945 —0.1231 —0.1839 —0.2197 0.010 0.017 0.025 0.033
0.4000 0.9342 0.9266 0.9181 0.9093 2.200 1.810 1.476 1.227.1844 —0.2175 —0.2790 —0.3166 0.016 0.024 0.032 0.041
0.5000 0.9142 0.9070 0.8986 0.8901 2.392 1.947 1.574 1.294.2722 —0.3063 —0.3532 —0.3876 0.022 0.029 0.037 0.044
0.6000 0.8942 0.8874 0.8790 0.8706 2.576 2.079 1.667 1.35%:.3297 —0.3707 —0.3989 —0.4290 0.024 0.031 0.038 0.045
0.7000 0.8741 0.8673 0.8591 0.8510 2.756 2.204 1.756 1.4133332 —0.3915 —0.4090 —0.4364 0.023 0.029 0.036 0.043
0.8000 0.8537 0.8470 0.8392 0.8314 2.935 2.329 1.842 1.46B.2704 —0.3497 —0.3688 —0.3953 0.018 0.024 0.031 0.037
0.9000 0.8329 0.8267 0.8191 0.8115 3.111 2.453 1.925 1.516.1482 —0.2258 —0.2494 —0.2711 0.009 0.015 0.020 0.025
1.0 0.8123 0.8056 0.7980 0.7905 3.286 2.566 1.998 1550 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Table 3. Densityp and Viscosity  for 1-Butanol (1) + BzMA (2)

pl(g-cm~3) nl(mPas) V E/(cm3-mol~1) onl(mPas)
T/IK
X1 288.15 298.15 308.15 318.15 288.15 298.15 308.15 318.15 288.15 298.15 308.15 318.15 288.15 298.15 308.15 318.15
0.0 1.0412 1.0347 1.0258 1.0170 2.871 2.302 1885 1580 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.1000 1.0278 1.0213 1.0125 1.0039 2.655 2.123 1.746 1455 0.0759 0.0670 0.0568 G-@4280 —0.205 —0.160 —0.116
0.2000 1.0133 1.0068 0.9981 0.9895 2519 2.021 1.656 1.388 0.1086 0.0997 0.0878 007429 —0.344 —0.259 —0.174
0.3000 0.9975 0.9909 0.9823 0.9738 2.462 1.958 1.605 1.342 0.1166 0.1093 0.0975 0-08987 —0.436 —0.326 —0.216
0.4000 0.9799 0.9733 0.9648 0.9564 2.410 1.919 1568 1308 0.1112 0.1039 0.0912 G-@8322 —0.500 —0.378 —0.256
0.5000 0.9603 0.9537 0.9453 0.9370 2.384 1.868 1.525 1.272 0.0981 0.0892 0.0746 OG-066838 —0.550 —0.422 —0.294
0.6000 0.9383 0.9316 0.9234 0.9152 2.375 1.834 1505 1.247 0.0799 0.0692 0.0533 0G-@44Z5 —0.589 —0.453 —0.317
0.7000 0.9132 0.9066 0.8985 0.8904 2.427 1.863 1508 1.244 0.0577 0.0470 0.0323 0G-02B383 —0.604 —0.455 —0.307
0.8000 0.8845 0.8779 0.8699 0.8620 2.510 1.982 1590 1.302 0.0333 0.0256 0.0154 G-@0B83 —0.559 —0.405 —0.250
0.9000 0.8513 0.8446 0.8368 0.8291 2.704 2.168 1.727 1.394 0.0111 0.0084 0.0047 0-008863 —0.390 —0.267 —0.144
1.0 0.8123 0.8056 0.7980 0.7905 3.286 2.566 1.998 1.550 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Table 4. Densityp and Viscosity  for 1-Butanol (1) + 2-HEMA (2)

pl(g-cm3) nl(mPas) V E/(cm?mol?) onl(mPas)
T/IK
Xy 288.15 298.15 308.15 318.15 288.15 298.15 308.15 318.15 288.15 298.15 308.15 318.15 288.15 298.15 308.15 318.15
0.0 1.0747 1.0671 1.0577 1.0486 8.234 5.784 4.194 3.181 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.1000 1.0545 1.0471 1.0379 1.0291 7.303 5.188 3.822 2.96R0155 —0.0287 —0.0388 —0.0518 —0.421 —0.295 —0.170 —0.044
0.2000 1.0333 1.0259 1.0169 1.0083 6.437 4.643 3.432 2.6920273 —0.0445 —0.0598 —0.0817 —0.761 —0.548 —0.334 —0.121
0.3000 1.0109 1.0036 0.9948 0.9863 5.681 4.154 3.109 2.43m0344 —0.0512 —0.0688 —0.0942 —0.987 —0.724 —0.462 —0.199
0.4000 0.9873 0.9800 0.9713 0.9630 5.118 3.738 2.829 2.2A20363 —0.0516 —0.0699 —0.0940 —1.097 —0.817 —0.538 —0.258
0.5000 0.9622 0.9551 0.9466 0.9383 4.633 3.398 2.598 2.6910334 —0.0473 —0.0656 —0.0858 —1.107 —0.834 —0.561 —0.288
0.6000 0.9357 0.9286 0.9203 0.9121 4.195 3.092 2.399 1.96m0266 —0.0396 —0.0573 —0.0735 —1.039 —0.787 —0.535 —0.283
0.7000 0.9076 0.9006 0.8924 0.8844 3.833 2.834 2212 1.7380175 —0.0295 —0.0459 —0.0598 —0.912 —0.690 —0.468 —0.246
0.8000 0.8777 0.8708 0.8629 0.8550 3.534 2.666 2.089 1.657.0081 —0.0182 —0.0319 —0.0449 —0.725 —0.544 —0.363 —0.182
0.9000 0.8460 0.8392 0.8315 0.8238 3.321 2.583 2.018 1.66R0012 —0.0075 —0.0161 —0.0268 —0.445 —0.329 —0.213 —0.097
1.0 0.8123 0.8056 0.7980 0.7905 3.286 2.566 1.998 1.550 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Table 5. Correlated Results of Excess Molar Volume/ E

mixture TIK Ao AL Ay As ol(cme-mol~1)

1-butanolH+ MAA 288.15 —1.0888 —1.5443 0.4406 0.7721 0.0095
298.15 —1.2253 —1.5958 0.0005 —0.0130 0.0154
308.15 —1.4126 —-1.2191 0.0067 —0.7560 0.0101
318.15 —1.5502 —1.1309 —0.0747 —0.9955 0.0091
1-butanol+ BzMA 288.15 0.3923 —0.3177 0.1424 —0.2062 0.0015
298.15 0.3567 —0.3592 0.0965 —0.0742 0.0011

308.15 0.2983 —0.3965 0.0673 0.0537 0.0012

318.15 0.2670 —0.4138 0.0219 0.1328 0.0011
1-butanoH 2-HEMA 288.15 —0.1336 0.1010 0.0636 —0.0029 0.0010
298.15 —0.1893 0.1239 —-0.0178 0.0366 0.0012
308.15 —0.2624 0.1292 —0.0667 0.0446 0.0015
318.15 —0.343 0.2153 —0.1462 —0.0656 0.0007

which the temperature was regulated to witdin0.01 K. An time. The viscometer was calibrated with double-distilled water

electronic stop watch was used to measure the flow times. at each working temperature, and the capillary constant at each
Triplicates or more measurements of flow times were reproduc- specific temperature was determined by averaging 10 calibration

ible within &+ 0.2 % or less. The kinematic viscositiesvere runs. The uncertainty of viscosity measurements was estimated
obtained from the relation to within + 1.0 %, and the values of absolute viscositjesere
v =kt (1) calculated by using the equationpf= pv. Since there are no

available data for the methacrylates, the measurements of
wherek is the capillary constant of viscometer aind the flow 1-butanol were conducted to test the validity of the experimental
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Table 6. Correlated Results of Viscosity Deviatiordn

mixture T/IK Bo B B> Bs al(mPas)
1-butanoH MAA 288.15 0.0905 0.0788 —0.062 —0.0274 0.001
298.15 0.1124 0.0705 —0.0175 0.0394 0.002
308.15 0.1411 0.0526 —0.0227 0.0786 0.001
318.15 0.1820 0.0403 0.0257 0.1070 0.001
1-butanoH BzMA 288.15 —2.6875 —0.8576 —2.6130 —1.6843 0.023
298.15 —2.2511 —1.1513 —1.4437 0.0513 0.012
308.15 —1.6609 —0.7979 —0.9533 0.0769 0.007
318.15 —1.1789 —0.5602 —0.5872 0.4852 0.004
1-butanoH 2-HEMA 288.15 —4.5958 1.0003 —0.6337 —-1.8178 0.016
298.15 —3.1788 —0.1766 —0.1051 —0.0808 0.011
308.15 —2.0469 0.0424 0.0712 —0.5675 0.012
318.15 —1.3329 —0.0745 0.6108 —0.4402 0.015

procedure. Table 1 compares the experimental results with thedeviations are given respectively in Tables 5 and 6, in which
literature values. It shows that our measurements agree withthe tabulated standard deviationwas defined as
literature values within the experimental uncertainties.
21172
_ [ Yexp_ Yea) ]
0‘ =

n—
Experimental results for the three binary systems of 1-butanol P

with methacrylic acid, benzyl methacrylate, and 2-hydroxyethyl \yherey refers toV E or 9y, n is the number of data points, and

methacrylate are listed in Tables 2 to 4, respectively. Excessp is the number of coefficients. The subscripts, exp and cal,

volumesV £ and viscosity deviationé; were calculated from  genote the experimental value and the calculated value, respec-
the experimental results by the following equations, respectively: tively.

The variations ofVE and dn with the mole fraction of

Results and Discussion

(6)

E__
VE=Vy = (qVy +%V,) () 1-butanol for these three investigated systems at 308.15 K are
. presented in Figures 1 and 2, respectively. Figure 1 shows that
0n = v — (Xa771 + %o175) ©) the excess molar volumes are asymmetric and positive in the

. 1-butanol+ BzMA system, asymmetric and negative in the
wherex;, Vi, andy; are the mole fraction, molar volume, and 1 _ptanol+ MAA system, and negative but nearly zero in the
viscosity of the pure componentrespectively. The subscript 1 pytanoH- 2-HEMA system over the entire composition range.

M represents mixture properties. The excess volumes andyhey imply that volume expansion takes place when 1-butanol

viscosity deviations were correlated by a Redtidtister-type mixes with benzyl methacrylate and that the volume contraction
polynomial?’ in the 1-butanol- MAA system is greater than in the 1-butanol
3 + 2-HEMA system. The above results can be discussed in terms
E/fnrdemal-1) — wk of several effects that may be simply divided into dispersion
V- ienmol ) XlXZZOAk(Xl X) @ forces and hydrogen bond contributions. The posievalues
may be attributed to the dispersion forces contribution between
3 1-butanol and BzMA molecules. On the other hand, the negative
onl(mPas) = Xlxzz)Bk(Xl — %) (5) VE values for binary mixtures of 1-butanol with MAA or

2-HEMA may be attributed to hydrogen bond formation through

- . - dipole—dipole interactions between 1-butanol and MAA or
The coefficients ofA and B were obtained by fitting the 5 pevia “molecules, Figure 2 illustrates that the viscosity

equations to the experimental values with a IeaSt'S.quaresdeviations are negative in 1-butané! BzZMA as well as in
method. The correlated results for excess volumes and viscosity

0.1

0.2
014 0.0 -
0.0 014
T a4 % 024
:
§ 0.2 I 034
= £y
S
-0.34 -0.4 4
-0.4 - -0.5
0.5 T T T T T T T T T 06 T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Xl xl
Figure 1. Excess volumes\E) at 308.15 K: W, 1-butanol (1)+ MAA Figure 2. Viscosity deviationsdz) at 308.15 K: M, 1-butanol (1 MAA
(2); @, 1-butanol (1)+ BzMA (2); a, 1-butanol (1)+ 2-HEMA (2); —, (2); @, 1-butanol (1)+ BzMA (2); A, 1-butanol (1)+ 2-HEMA (2); —,
calculated from eq 4; - - -, calculated from eq 4 with temperature-dependent calculated from eq 5 with temperature-dependent parameters of eq

parameters of eq 9. 10; - - -, calculated from eq 8.
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Table 7. Correlated Results of McAllister's Models

three-body model

four-body model

mixture TIK V12 Vo1 AAD2-10? V1112 V1122 V2221 AAD210?

1-butanol (1}+ MAA (2) 288.15 3.1185 2.3253 0.04 3.3233 2.6976 2.0524 0.04
298.15 2.5297 1.9104 0.06 2.6648 2.2123 1.7143 0.04
308.15 2.0384 1.5728 0.06 2.1354 1.8027 1.4231 0.04
318.15 1.6665 1.3224 0.09 1.7420 1.4726 1.2267 0.06

1-butanol (1}+ BzMA (2) 288.15 2.1360 2.4414 1.89 2.1328 2.8421 2.2210 0.46
298.15 1.5837 2.0103 1.33 1.7188 2.1416 1.8293 0.50
308.15 1.3261 1.6598 1.24 1.4522 1.7235 1.5349 0.39
318.15 1.1768 1.3733 1.01 1.2641 1.4327 1.2957 0.59

1-butanol (1)+ 2-HEMA (2) 288.15 3.8669 5.5214 0.68 3.6827 4.9928 5.7604 0.48
298.15 2.7611 4.1409 0.39 2.8039 3.4952 4.3440 0.24
308.15 2.2251 3.1360 0.38 2.2529 2.7117 3.2377 0.28
318.15 1.8239 25213 0.54 1.9243 1.9931 2.7102 0.48

@AAD = (U3 lvg — v,

Table 8. Temperature-Dependent Parameters in the RedlichKister Type Polynomial and the McAllister's Model
1-Butanol (1)+ MAA (2)

A0=3.4447  Al=-0.0157 =—0.7880 =0.0030 vu 15.4757  vi,= —0.04341 vm214%% vi,= —0.0408
A= -6.3074 Al=0.0163 = 0.4664 =-0.0013 19,=10.7621 v}, = —0.0297 1mﬂ 12.8675 11122 = —0.0359
=4.7615  A;=-0.0154 BJ=—0.8005 =0.0026 AAD*1(?=1.14 Vopoy=9.9445 vl =—0.0274

AJ=18.1476 Al=-0.0607 Bj=—1.2968 =0.0044 AAD#1(?=1.81

o =0.0136 crmol* 0 =0.002 mPss
1-Butanol (1)+ BzMA (2)

AS=1.6450  A;=-0.0043 Bj=—17.4542 =0.0512 vu =8.4202  v},=-0.0228 vmz 10.3546  v1,,,= —0.0289
=0.6212 AI=-0.0033 BY=-45924 =0.0124  19,=125283 1}, =—0.0352 1/1122 11.3834  »1,,,= —0.0309

AJ=1.2669  A}=—0.0039 = —21.3091 =0.0657 AAD*1(? = 2.22 V9y0,=10.8195  v3,,, = —0.0301
=-35045 A:=00115 BJ=-20.1266 = 0.0655 AAD®1(% = 2.04

o =0.0016 cmmol* 0 =0.016 mPss
1-Butanol (1)+ 2-HEMA (2)

AS=1.8946  A;=—0.0070 =-35.8943 B;=0.1092 vu 18.2522 v1,= —0.0516 %ﬂ 17.4720  vi,,,= —0.0491
=-0.9163 Al =0.0035 =9.3368 =-0.0301 12,=28.3340 1, =-0.0813 %ﬂ 24.2421  vi,,,= —0.0695
=2.0145 A,=-0.0068 BI=-11.8677 B}=0.0391 AAD*1(? = 2.55 ¥950,=30.8801  v3,,, = —0.0890
=0.5538  A;=-0.0018 Bj=-11.8363 =0.366 AAD?1(? = 2.92

o =0.0019 cri-mol~?* 0 =0.042 mPss

SAAD = (US| — o ™.

1-butanol+ 2-HEMA but nearly zero in 1-butanot MAA

over the entire composition range.

McAllister's multi-body interaction modét was widely used

These parameters in eqgs 4, 5, 7, and 8 were also treated to

be temperature dependent, as given by the following equations,

to correlate kinematic viscosity data. The three-body McAI-

lister model was defined as

Inv=x>Inv, + 3%%, IN vy, + 3% IN v,y + X, In v, —
In[x, + %(M,/M,)] + 3x,%%, In[(2 + M,/M,)/3] +
3x,%,° IN[(1 + 2M,/M,)/3] + x,° In(M,/M,) (7)

and the four-body McAllister model was given by

—y 4 3 2,2
INv=x"Inv,+ 4% IN v+ 6X X INv,+

3 4
A% X" IN Vo0 + X, IN W, —

whereviy, v21, V1112 V1122 andvagoiare model parameters. The

IN[x; + X,(M,/M,)] +
4%,%%, In[(3 + M,/M,)/4] + 6%,°%,” In[(1 + M,/M,)/2] +
4x,%,° In[(1 + 3M,/M,)/4] + x," In(M,/M,) (8)

Viiij = |||] |||]

whereA), A, BY, Bi,

respectively:

A=A+ ATIK (k=0to3)

B, =B+ BT/K (k=0to3)

ij

V1122

ij?

0

V VJ Viiij » VIII]’

vy =) +viTIK (ij =12 0r 21)
LT/K  (iiij = 1112 or 2221)

_.0 1
= Vi1t Vi1pplIK

9)
(10)
(11)

(12)

(13)

»1,» andvi,,, are the
undetermined parameters. The best-fit values of the parameters
together with the standard deviatiomsf the calculated excess
volumes and viscosity deviations and the average absolute

deviations of the calculated kinematic viscosities for 1-butanol

+ MAA, 1-butanol+ BzMA, and 1-butanoH 2-HEMA are

calculated results are presented in Table 7. The values of AAD given in Table 8. As seen from Tables 5, 6, and 8, the standard
are approximately within the experimental uncertainty, regard- deviations of the calculated excess volumes and viscosity
less of whether the three-body or the four-body model was used.deviations are approximately within the experimental uncer-
As seen from Table 7, the four-body model yielded better tainty, regardless of the parameters treating as temperature-
calculated results than the three-body model did for those threespecific or temperature-dependent in the Redtikister-type
polynomial. However, from Tables 7 and 8, the McAllister's

investigated systems.
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multi-body interaction model with temperature-specific param- (10) Sastry, N. V.; Valand, M. K. Densities, speeds of sound, viscosities,

; ; _ and relative permittivities for 1-propanél and 1-butanot- heptane
eters yielded better calc_ulated results tha_n W|th temperature at 298.15 K and 308.15 KJ. Chem. Eng. Datd996 41, 1421
dependent parameters did for those three investigated systems. 1405
. . (11) Aminabhavi, T. M.; Bindu, G. Densities, viscosities, and refractive
Literature Cited indices of the binary mixtures of bis(2-methoxyethyl) ether with

" ) . ) . 1-propanol, 1-butanol, 2-methyl-1-propanol, and 2-methyl-2-propanol.
(1) Chen,J. T.; Chang, W. C. Densities and viscosities of binary mixtures J.pChEzm. Eng. LIJData994 39, 8}/6&%67‘)' yi-e-prop

of propylene glycol monomethyl ether acetate with methacrylic acid, (12) Rattan, V. K.; Sin . ] ) o -
, V. K gh, S.; Sethi, B. P. S. Viscosities, densities, and
benzyl methacrylate, and 2-hydroxyethyl methacrylate between 298.15 ultrasonic velocities of binary mixtures of ethylbenzene with ethanol,

K and 318.15 KJ. Chem. Eng. Dat@005 50, 1753-1756. 1-propanol, and 1-butanol at (298.15 and 308.15)KChem. En
(2) Chen, J. T.; Chang, W. C. Density and viscosity for ethyl 3-ethoxy- Dgta 2004 ’49’ 1074-1077. (298. 159 - ENg.

propionate + methacrylic acid,+ benzyl methacrylate, and- . o . . . . .
3 - (13) Franjo, C.; Jimenez, E.; Iglesias, T. P.; Legido, J. L.; Andrade, M. I.
igrgfroxyethyl methacrylatel. Chem. Eng. Dat2005 50, 1991 P. Viscosities and densities of hexattebutan-1-ol,+ hexan-1-ol,
. . . - d+ octan-1-ol at 298.15 KJ. Chem. Eng. Datd995 40, 68—70.
(3) Chen, J. T.; Chang, W. C. Excess molar volumes and viscosities for and- . - : - oo
binary mixtures of cyclohexanone with methacrylic acid, benzyl (14) Franjo, C.; Menaut, C. P.; Jimenez, E.; Legido, J. L.; Andrade, M. .
methacrylate, and 2-hydroxyethyl methacrylate at (298.15, 308.15, and P. Viscosities and densities of octattebutan-1-ol, hexan-1-ol, and

318.15) K.J. Chem. Eng. Dat200§ 51, 88—92. octan-1-ol at 298.15 KJ. Chem. Eng. Datd995 40, 992-994.

(4) Wagner, W.; Pruss, A. The IAPWS formulation 1995 for the (15) Nikam, P. S.; Jagdale, B. S.; Sawant, A. B.; Hasan, M. Densities and
thermodynamic properties of ordinary water substance for general and viscosities for binary mixtures of benzonitrile with methanol, ethanol,
scientific use.J. Phys. Chem. Ref. Da2002 31 (2), 387-494. propan-1-ol, butan-1-ol, pentan-1-ol, and 2-methylpropan-2-ol at

(5) Nikam, P. S.; Shirsat, L. N.; Hasan, M. Density and viscosity studies (2?1%3-15’ 308.15, and 313.15) B. Chem. Eng. Dat200Q 45, 214~

of binary mixtures of acetonitrile with methanol, ethanol, propan-1- _ -
ol, butan-1-ol, 2-methylpropan-1-ol, and 2-methylpropan-2-ol at (16) Nikam, P. S.; Jagdale, B. S.; Sawant, A. B.; Hasan, M. Densities and

(298.15, 303.15, 308.15, and 313.15) X.Chem. Eng. Datd99§ viscosities of binary mixtures of toluene with methanol, ethanol,
43, 732-737. propan-1-ol, butan-1-ol, pentan-1-ol, and 2-methylpropan-2-ol at
(6) Riddick, J. A.; Bunger, W. B.; Sakano, T. iOrganic Solents (303.15, 308.15, 313.15) K. Chem. Eng. Dat200Q 45, 559-563.
Physical Properties and Methods of Purification&h ed.; Wiley- (17) Redlich, O.; Kister, A. T. Algebraic representation of thermodynamics
Interscience: New York, 1986. properties and the classification of solutiofrsd. Eng. Chem1948
(7) TRC. Data Bases for Chemistry and Engineering. TRC Thermody- 40, 345-348.
namic Tables Ver. 1996-IS, Jan 1996; Thermodynamic Research (18) McAllister, R. A. The viscosity of liquid mixtureAIChE J.196(Q 6,
Center, Texas A&M University: College Station, TX, 1996. 427—-431.

(8) Aminabhavi, T. M.; Bindu, G. Densities, viscosities, and refractive
indices of bis(2-methoxyethyl) ether cyclohexane ort+ 1,2,3,4-

tetrahydronaphthalene and of 2-ethoxyethartolpropan-1-ol, + Received for review March 16, 2006. Accepted May 19, 2006. Financial
propan-2-ol, or+ butan-1-ol.J. Chem. Eng. Datd 995 40, 462~ support from the National Science Council, ROC, through Grant NSC
467. 93-2216-E-159-001 is gratefully acknowledged.

(9) Fermeglia, M.; Lapasin, R. Excess volumes and viscosities of binary
mixtures of organics]. Chem. Eng. Datd988 33, 415-417. JE0601255



