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Abstract—Excess molar volume(V%) of mixture is very important in the thermodynamic design as well as under-
standing the relation between constituent components. TEOS is usually used as essential raw materials of silica fibers,
thin films, new ceramics, and so on. In this work, excess molar volumes have been measured for binary mixtures
of alcohol (C-C4) +TEOQOS at 298.15 K by using a digital vibrating tube densimeter. Excess molar volumes showed
negative deviation from the ideality in the alkan-1-ol+TEOS systems studied in this work. Those of alkan-2-0ol+TEOS
mixtures showed small positive deviation. Experimental data were fitted by 5 parameter Redlich-Kister equation,
and their standard deviations(S,), from the experimental data were about 0.01 cm3/mol.
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Fig. 1. Schematic diagram for the digital vibrating tube densimeter.
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Table 1. Measured densities of the pure component with the lit. val-

ue
. p_(g/cm’)
Component Supplier Present study Lit. value
TEOS Korea Yamanaka 0.92852 0.9290¢
methanol Merck 0.78645 0.78637°
ethanol Aldrich 0.78503 0.78500¢
1-propanol Aldrich 0.79948 0.79957"
2-propanol Aldrich 0.78101 0.78082°
0.78126"
1-butanol Merck 0.80599 0.8060¢
2-butanol Merck 0.80256 0.8026¢

a:reference 11, b: reference 12, c: reference 13, d: reference 14

water& AHg-sliom, 1 Wxghe
0.997045 g/cm®) & A AHE-3Hgich

7t o] JE-A ) A3 Ajol A1-2&h A]eke Aldrich, Merck A1)
AlgAjepo 2 w5 Alg ol molecular sieve 3 A AF&3}o] dry-
ingglsl it TEOSE 3 AF A (F) 2HE 99.9%° Ak 2
Fekobr A el gpAglo] AbEsteich Aol ALE |k} He]F
T8 GCRMS F3 25 998-999 wt% YEE Rich Digital
densimeterZ x}43te] Uev|E S8 £ & Hr}sle] Table
Lo viebiiedl, 3 A[11-14]9}F oF 1X10* g/em® A5 9) 2He
228 yolug Aokl v 2 geld £ gyt

F&[10]9 3(25TCHA p=

3-3. AwH
Vibrating tube$ ©] §¢ =AY 7|EE U AEFI|% U

g o8¢ M EAYYSZ & APl AL /1 FRUR A2 EII0

2 ddstod $554 3 TP UL 2HaA a

a

g
?

hol+TEOS &E&A1ge] AzAloll= bl i3 E stz
Aike 225 Fol7] fsiA, EFE710 o) e B
W3] A4S ofubE syringeD o] &-3be] F9lA17) Fof wWialw
microbalance 2 FAHE A b, U] =& EAL sep-
tumg 53 FUsted HA o 3em’e) AEE PEAL. Axd
ABE A5 AT s U-tube Woll TF5 2, 25 4
ol =gt ¥ AFF7E FAHsA ek

72t 5% E3Eo 3l densimeter® EAH FANEFI|= A
(9ol dslste] EgE2] UEE Aty o] YEE 4 (10))
dqlsted E3FEe] wo) BXIE Adbsldch AAbH 3o} 28
= o) 5E 57) A}83 Redlich-Kister] chs}Alol| |4
Bolrh Algeg 912 o) EHu ki) Redlich-Kister 423 #)
Agh o) F-Fghete] HA S 4] (12) § o} 83ted A Mg £
At

il

4. dot 9 %

Digital densimeter2 A}g-3lod &gt 7} 5448 9} "—JEg}:ﬂ
TS FA% vz E(Table 1) 24, 24 2)¢}e) _L]
methanol, ethanol3} 1-propanol, 1-, 2-butanol®] 7 $-
g/em® o]t ooy, TEQS, 2-propanol®] 7%= °] T
A3 AR, TS U Hoexke 0.05% o|stE 4
B Aol AHEF Aok U A whe] ARAS JelllErlh

Table 2¢l= A¥& 53l 3¢ E¢ES] Hegn o “;_157
o7 A (10)& o]&3ted A &3 Ilide UIUE

S1E o

1.0 T T T T

Density, p (g/cma)
e
©

o
@

0.7 | | 1 1
0.0 0.2 0.4 0.6 0.8 1.0
Xl

Fig. 2. Measured densities for the binary systems of alcohols(X,; .
methanol, v ethanol, [} 1-propanol, @ 2-propanol, 2. 1-butanol,
and A 2-butanol) with TEOS at 298.15 K.
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Fig. 3. Excess molar volumes for the binary systems of alcohols(X;;
O methanol, v ethanol, 7 1-propanol, B 2-propanol, ~ 1-buta-
nol, and A 2-butanol) with TEOS at 298.15 K.
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Table 2. Measured densities and excess molar volumes of the alcohol+TEOS systems at 298.15 K ; X, denotes the mole fraction of the alco-

hol
X P VE X o VE X 0 VE
! (g/cm?) (cm®/mol) } (g/cmd) (cm®/mol) ! (g/cm?) (cm®/mol)

methanol+ TEOS
0.0097 0.92832 —0.0360 0.1995 0.92405 —0.3562 0.7494 0.88268 —0.3973
0.0192 0.92820 —0.0661 0.2481 0.92252 ~0.4049 0.8024 0.87218 —0.3347
0.0226 0.92809 —0.0607 0.3038 0.92040 —0.4326 0.9000 0.84403 —0.2364
0.0295 0.92799 —0.0803 0.3520 0.91839 —0.4635 0.9502 0.82065 —0.1219
0.0345 0.92795 —0.1044 0.4235 0.91477 —0.4801 0.9567 0.81725 —0.1232
0.0479 0.92762 —0.1110 0.5009 0.90997 —04870 0.9640 0.81270 -0.0950
0.0495 0.92768 —0.1366 0.5503 0.90622 —-0.4768 0.9708 0.80825 —0.0704
0.0571 0.92749 —0.1412 0.6015 0.90173 —0.4717 0.9779 0.80382 —0.0659
0.0980 0.92663 -0.2098 0.6506 0.89668 —0.4680 0.9847 0.79890 —0.0455
0.1696 0.92482 ~0.3045 0.7002 0.89024 —0.4230 0.9919 0.79354 ~0.0263

ethanol+ TEOS
0.0252 0.92760 —0.0346 0.3007 0.91531 —0.2636 0.8511 0.84421 —-0.1748
0.0280 0.92756 -0.0502 0.3662 0.91120 —0.2873 0.9002 0.82922 —0.1410
0.0369 0.92726 —0.0615 0.3999 0.90875 —0.2815 0.9516 0.80944 —0.0908
0.0412 0.92708 —0.0595 0.4503 0.90490 —0.2947 0.9571 0.80689 —0.0743
0.0505 0.92672 —0.0633 0.5125 0.89954 -0.3162 0.9645 0.80353 —0.0672
0.0582 0.92646 —0.0739 0.5500 0.89585 —0.3223 0.9710 0.80052 —-0.0639
0.1000 0.92490 —0.1179 0.6000 0.89035 —0.3282 09784 0.79682 —0.0492
0.1673 0.92214 —0.1865 0.7000 0.87618 —0.2611 0.9848 0.79370 -0.0526
0.2197 0.91959 —0.2045 0.7528 0.86702 —0.2497 0.9916 0.78994 —0.0330
0.2494 0.91804 —0.2165 0.8005 0.85680 —0.2022
1-propanol + TEOS
0.0214 0.92763 —0.0349 0.3060 091315 —0.2470 0.7997 0.85623 —0.1662
0.0277 0.92746 —0.0597 0.3508 0.91003 —0.2465 0.8501 0.84534 —0.1288
0.0363 092711 —0.0687 0.3980 0.90653 —0.2570 0.8991 0.83317 —0.1114
0.0759 0.92539 —0.0951 0.4507 0.90221 —0.2597 0.9540 0.81663 —0.0597
0.0858 0.92500 —0.1144 0.5007 0.89773 —0.2700 0.9633 0.81323 —0.0246
0.1000 0.92442 —0.1395 0.6241 0.88435 —0.2767 09711 0.81053 —0.0151
0.1509 0.92187 —0.1472 0.7001 0.87363 —0.2194 0.9781 0.80806 —0.0136
0.2503 0.91668 —0.2423 0.7499 0.86564 —-02114 0.9848 0.80565 —0.0128
2-propanol + TEOS

0.0141 0.92792 0.0130 0.0984 0.92317 0.0513 0.6001 0.87832 0.0657
0.0216 0.92750 0.0215 0.1501 0.92006 0.0527 0.7000 0.86295 0.0549
0.0288 0.92703 0.0432 0.1982 0.91696 0.0529 0.7997 0.84334 0.0489
0.0344 0.92674 0.0416 0.2955 0.91000 0.0421 0.8509 0.83085 0.0599
0.0419 0.92633 0.0454 0.3496 0.90555 0.0503 0.8998 0.81731 0.0405
0.0487 0.92598 0.0410 0.4004 0.90096 0.0612 0.9500 0.80093 0.0259
0.0556 0.92558 0.0466 04521 0.89594 0.0571

1-butanol+ TEOS
0.0081 0.92829 -0.0103 0.1506 0.92103 -0.1520 0.7502 0.86212 —0.1675
0.0155 0.92796 —0.0199 0.2010 0.91807 —0.1896 0.8018 0.85322 —-0.1511
0.0231 0.92758 —0.0234 0.2499 0.91496 —0.2167 0.8502 0.84382 -0.1258
0.0274 0.92741 -0.0363 0.3001 0.91155 —0.2491 0.9002 0.83294 —0.1066
0.0348 0.92706 ~0.0430 0.3500) 0.90776 —0.2523 0.9506 0.82055 —0.0920
0.0425 0.92671 —0.0567 0.4509 0.89932 —0.2850 0.9645 0.81686 —0.0905
0.0488 0.92639 —0.0593 0.5002 0.89458 —0.2837 0.9780 0.81282 —0.0512
0.0566 0.92603 —0.0737 0.6003 0.88367 —0.2872 0.9854 0.81035 —0.0083
0.0998 0.92379 -0.1055 0.6999 0.86999 —0.1964 0.9918 0.80844 —0.0010

2-butanol+ TEOS
0.0268 0.92709 0.0189 0.2543 0.91272 0.0742 0.7999 0.84937 0.1142
0.0360 0.92659 0.0203 0.3500 0.90520 0.1017 0.8502 0.83968 0.0883
0.0398 0.92637 0.0239 0.4006 0.90084 0.1066 0.9498 0.81652 0.0447
0.0475 0.92594 0.0249 0.5099 0.89001 0.1377 0.9569 0.81469 0.0359
0.0541 0.92557 0.0279 0.5496 0.88562 0.1413 0.9780 0.80880 0.0328
0.1034 0.92264 0.0537 0.5995 0.87975 0.1275 0.9853 0.80673 0.0288
0.1528 0.91957 0.0682 0.6997 0.86588 0.1526 0.9920 0.80483 0.0176
0.2020 0.91632 0.0800 0.7505 0.85791 0.1380

et M343 M1E 19964 28
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Table 3. Fitted Redlich-Kister parameters and standard deviation(S,)
for the systems alcohol+ TEOS at 298.15 K

methanol ethanol 1-propanol 2-propanol 1-butanol 2-butanol
+TEOS +TEOS +TEOS +TEOS +TEOS +TEOS

A, —19601 -—-1.2708 —1.0853 0.2323 —1.1655 0.5214
A, 00433 —0.0779 —0.0311 0.1193 0.3617 0.3227
A; —04165 04111 -—0.2041 —0.0954 0.9646 0.1313
A, —0.0956 —0.1285 04515 —03349 —0.6388 —0.2113
As —06280 —1.1468 —0.0659 —0.9740 —1.7113 0.2343
S; 00089 0.0108 0.0123 0.0073 0.0129 0.0082

0.15 cm*/mol2} & vieliigich
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(em*/mol) & =3+ 3}sdict.
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A : i* parameter of the Redlich-Kister equation

f : vibration frequency

K : proportionality constant

m :mass of the tube and its contents [g]

M :molcular weight [g/mol]

n :number of fitted parameter for the Redlich-Kister equa-

tion

N :number of experimental data

P : pressure [mmHg]

S :standard deviation between calc. VF and exp. VE [cm¥/

mol]

t : temperature [T]

T : vibration period

\' : molar volume of the real solution [c¢m’/mol]

VE  :excess molar volume [cm®/mol]

V¥ :molar volume of the ideal solution [cm?/mol]

X; : liquid phase mole fraction of the component i

y : elasticity coefficient

22|0|1A 2%}

p : density [g/cm?]

piny - density of the reference i [g/cm?®]

HIEH
1. Papaioannou, D., Ziakes, D. and Panayiotou, C.: / Chem. Eng.
Data, 36, 35(1991).
2. Anand, S. C,, Grolier, J. E., Kiyohara, O., Halpin, C. J. and Ben-
son, G.C.: J. Chem. Eng. Data, 20, 2(1975).
3. Dislich, H.: Angrew Chem. Int. Ed. Engl, 10, 363(1971).
4. Mazdiyasni, K. S.: Ceramics International, 8, 42(1982).
5. Oh, J. H, Park, S. ], Do, M. S. and Rho, ].S.: HWAHAK KO-
NGHAK, 33, 4(1995).
6. “McGraw-Hill Encyclopedia of Science & Technology”, Mc-
Graw-Hill, New York(1987).
7. Weast, R.C.: "CRC Handbook of Chemistry and Physics”,
CRC Press(1986).
8. Grolier, J. E., Karballai, M. H. and Inglese, A.: Int. DATA Ser.,
Ser. B., Guideline 2c(1977).
9. Redlich, O. and Kister, A. T.: Ind. Eng. Chem., 40, 345(1948).
10. Perry, R. H. and Green, D. W.: “Perry's Chemical Engineers’s
Handbook”, McGraw-Hill, New York, Sixth edn(1984).
11. Kato, M. and Tanaka, H.: J. Chem. Eng. Data, 34, 2(1989).
12. Riddick, J. A. and Bunger, E. B.: “Organic Solvents. Physical
Properties and Methods of Purification™, Wiley-Interscience,
New York, 4th Ed.(1986).

13. Pettenati, C., Alessi, P., Fermeglia, M. and Kikic, I.: Thermo-
chimica Acta, 162, 203(1990).

14. Dean, J.A.: “Handbook of Organic Chemistry”, Donelly &
Sons Co.(1987).

15. Prausnitz, J. M., Lichtenthaler, R. N. and Azevedo, E. G.: “Mo-

lecular Thermodynamics of Fluid-Phase Equilibria”, Prentice-
Hall, Englewood Cliffs, New York(1986).

HWAHAK KONGHAK Vol. 34, No. 1, February, 1996



