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Vapor—Liquid Equilibrium Behaviors of 3-Ethoxy-4-hydroxybenzaldehyde in
Alcohol

Masahiro Kato, Daisuke Kodama,* Takeshi Ono, Hisako Serizawa, and Chiaki Yaginuma

Department of Materials Chemistry and Engineering, College of Engineering, Nihon University, 1 Nakagawara,
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Vapor—liquid equilibrium behaviors of the scent solid, 3-ethoxy-4-hydroxybenzaldehyde, in alcohol, ethanol,
1-propanol, 2-propanol, or 1-butanol were measured at atmospheric pressure in the dilute composition range of
3-ethoxy-4-hydroxybenzaldehyde with a recirculation still. Equilibrium compositions were determined with an
ultraviolet spectrometer. The activity coefficients of 3-ethoxy-4-hydroxybenzaldehyde at infinite dilution in alcohol
were less than unity.

Introduction Table 1. Normal Boiling Points T, and Densitiesp of the Alcohols
Used

In the previous studies,® vapor-liquid equilibrium mea-

—3
surements were made for mixtures containing solid components, _ K : p(298.15 K)/(kgm )
ferrocené, 1,4-dihydroxybenzengdurene? tolan# 5-hydroxym- material expil lit2 expil lit.>
ethylfurfural® vanillin, and coumarifiin alcohol or water at ethanol 351.44 351.475 785.2 785.09
atmospheric pressure. The autidmave recently reported the %-propaﬂo: g;g-ié g;g-iiE’ ;gg-g ;g?-;g

i P ; TS -propano . . . .
vapor-liquid equilibrium behaviors of vanillin in 1-butanol, 1-butanol 390 85 390.876 805.8 806.0

2-butanol, and 2-methyl-1-propanol at atmospheric pressure.

In the present study, the vapdiquid equilibrium behaviors a Timmermans.? TRC Thermodynamic Tables Non-Hydrocarbéns.
of 3-ethoxy-4-hydroxybenzaldehyde in ethanol, 1-propanol, ) o
2-propanol, and 1-butanol were measured at atmospheric@n uncertainty oft 0.01 kPa. Both samples of liquid and vapor
pressure in the dilute composition range of 3-ethoxy-4-hydroxy- Phases were individually taken. The equilibrium vapor and liquid
benzaldehyde. 3-Ethoxy-4-hydroxybenzaldehyde is a worthy COmpositions were determined with a JASCO V-560DS ultra-

scent component in the food industry. violet spectrophotometer for 3-ethoxy-4-hydroxybenzaldehyde
at 309 nm. The uncertainties of liquid and vapor compositions,
Experimental respectively, seem to be-(1-10~4 and+ 5-10~7) mole fraction

f 3-ethoxy-4-hydroxybenzaldehyde.
Chemicals 3-Ethoxy-4-hydroxybenzaldehyde (ethyl vanillin, © O hyaroxybenzaidenyde

CAS Registry No. 121-32-4) was supplied by Wako Pure Results and Discussion
Chemical Industries, Ltd., with a guarantee of 98 mol % purity.
3-Ethoxy-4-hydroxybenzaldehyde is solid at room temperature.
Special grade reagents of alcohol, ethanol, 1-propanol, 2-pro- . )
pgnol, a?nd 1-buta?10l were supplied by WakopPuEe Chemliocal composition range of 3-ethoxy-4-hydroxybenzaldehyde in etha-
Industries, Ltd., and were used without further purification. The nol, 1-propanol, 2-propan0l, and 1-butanol. The. experimental
physical properties of alcohols used in this work are listed in pressures were approximately 99 kPa as shown in Table 2. The

Table 1. The purities of alcohols, ethanol, 1-propanol, 2-pro- volatility_,_ Ky, is the ratio of vapor composition and liquid
panol, and 1-butanol were found to be greater than 99.9 mol % composition of 3-ethoxy-4-hydroxybenzaldehyde. The extrapo-
by gas chromatographic area analysis lation of the linear relations cannot be recommended. The

Apparatus and Proceduredhe experimental apparatus and volatilities of 3-ethoxy-4-hydroxybenzaldehyde at infinite dilu-

procedures are the same as those described previousine t'°_'|1_1hK11 were 9"’?;? n Tab;esz. h 4-hvd b Idehvd
recirculation still is entirely constructed from borosilicate glass. & activily coefficients of 3-ethoxy-4-hydroxybenzaldehyde

Table 2 gives the experimental results for the vagimuid
equilibrium measurements at atmospheric pressure in the dilute

The amount of solution required is about 45%per determi- at infinite dilution y7’ were evaluated as follows

nation. The boiling vaporliquid mixture flashes to the ther- oy 0

mometer well in the boiling still. The condensed vapor in the vy = P P—K"l" 1)
condensed chamber recirculates to the boiling still through the Pix, Py

overflow tube. After attainment of steady state, equilibrium
temperature was measured with a Hewlett-Packard 2804A quart | le fraction. liqui |
thermometer, calibrated at the triple point of water in a reference 1Ot@l Pressure, vapor pressure, vapor mole fraction, liquid mole
cell, with an uncertainty oft 0.01 K. The experimental fraction, and volatility. The subscript 1 means 3-ethoxy-4-

atmospheric pressure was measured with a Fortin barometer witH“)’df_OXVbe“ZQ'd?hyde- Th_Pt superscriptdenotes the infinite
dilution. The infinite volatility of 3-ethoxy-4-hydroxybenzal-

*To whom correspondence should be addressed. Fax: (81)-24-956-8862.d€hyde at one a.tmOSpheriC pressure was approximated as the
E-mail: dkodama@chem.ce.nihon-u.ac.jp. one at the experimental atmospheric pressure.

there,PO, P1, y, X, andK, respectively, denote the reference
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Table 2. Experimental Vapor—Liquid Equilibrium Data, T9 =558 K (5)
Liquid-Phase (x1) and Vapor-Phase y1) Mole Fraction, Volatility Kj, 1
Equilibrium Temperature T, and Atmospheric PressureP The activity coefficients of 3-ethoxy-4-hydroxybenzaldehyde
X1 Vi Ku(=yi/x) T/K P/kPa at infinite dilution, y7, were evaluated as shown in Table 2,
3-Ethoxy-4-hydroxybenzaldehyde (%) Ethanol (2) giving less than unity.
0.0053 0.0000085 0.0016 351.02 98.52 .
0.0123 0.0000190 0.0015 351.23 98.58 Conclusions
g'gégi 8'8888323 88812 ggigi gg';i’ The vapor-liquid equilibrium behaviors of 3-ethoxy-4-
K?=0.0015 °=0.63 hydroxybenzaldehyde in ethanol, 1-propanol, 2-propanol, and
3-Ethoxy-4-hydroxybenzaldehyde (2)1-Propanol (2) 1-butanol were measured at atmospheric pressure in the dilute
0.0087 0.0000185 0.0021 369.00 9875 composition range of 3-ethoxy-4-hydroxybenzaldehyde. It seems
0.0105 0.0000225 0.0021 370.18 99.60 that the alcohols and 3-ethoxy-4-hydroxybenzaldehyde mol-
0.0147 0.0000310 0.0021 370.15 98.97  ecules were associated with each other because the activity
0.0194 0.0000420  0.0022 37024  98.78  coefficients of 3-ethoxy-4-hydroxybenzaldehyde at infinite

K?=0.0021 y7=0.38
3-Ethoxy-4-hydroxybenzaldehyde (+)2-Propanol (2)

dilution were less than unity.

0.0056 0.0000096 0.0017 354.99 98.83 Literature Cited
0.0112 0.0000175 0.0016 355.59 100.50
0.0165 0.0000269 0.0016 355.50 99.53 (1) Kodama, D.; Tanaka, H.; Kato, M. Vapetiquid Equilibrium of
0.0220 0.0000356 0.0016 355.82 100.25 Ferrocene in Methanol or Ethanal. Chem Eng Data 1999 44,
K =0.0016 77 =0.56 1252-1253.
1 1 (2) Kodama, D.; Tanaka, H.; Kato, M. Vapetiquid Equilibrium of 1,4-
3-Ethoxy-4-hydroxybenzaldehyde (¥)1-Butanol (2) Dihydroxybenzene in Methanol or EthandlChem Eng Data 2002
0.0047 0.0000203 0.0043 390.51 99.55 47, 91-92.
0.0088 0.0000398 0.0045 390.36 98.52 (3) Kato, M.; Kodama, D. VaperLiquid Equilibrium of Durene in
0.0129 0.0000615 0.0048 390.60 98.82 Methanol or Ethanold. Chem Eng Data 2004 49, 1247-1248.
0.0178 0.0000801 0.0045 390.78 99.04 (4) Kato, M.; Kodama, D.; Haneda, A. Vapetiquid Equilibrium
KY=0.0045 % =0.36 ;B)gzavior of Tolan in AlcoholJ. Chem Eng Data 2005 50, 383—

(5) Kato, M.; Kodama, D.; Sato, M.; Haneda, A.; Sugiyama, K. Vapor

The vapor pressures of 3-ethoxy-4-hydroxybenzaldet®ge, Liquid Equilibrium Behaviors of 5-Hydroxymethylfurfural and Citric

were calculated by applying the following ClausitSlapeyron Acid. Netsu Busse200§ 20, 87—90.
equation and the Trouton rule. (6) Kato, M.; Kodama, D.; Abe, S.; Ohira, K.; Sato, M.; Sugiyama, K.
Vapor—Liquid Equilibrium Behaviors of Coumarin and Vanillin in
AH,(1 1 Ethanol, 1-Propanol, and 2-Propandl.Chem. Eng. Dat2006 51,
InP,=In [ ) 1198-1200. _ _
RA\T T(lJ (7) Kato, M.; Kodama, D.; Serizawa, H.; Yaginuma, C.; Ono, T. Vapor

Liquid Equilibrium Behaviors of Vanillin in 1-Butanol, 2-Butanol and
2-Methyl-1-propanolJ. Chem. Eng. Dat2007, 52, 1486-1487.
AH, = T?Ag) AL =85 3K Lmol™?t (3) (8) Timmermans, Jhysico-Chemical Constants of Pure Organic Com-
pounds Elsevier: New York, 1950; Vol. 1.
0 1 1 (9) TRC Thermodynamic Tables Non-Hydrocarjomkermodynamics
P’ =1.0132510° Pa R=8.314472 K ~mol = (4) Research Center: The Texas A&M University System, College Station,

TX, 1995; Vol. Il

where,P%, AH, AS R, andT, respectively, denote the reference (10) Siyaku.Com Home Page. https://wvyw.’flyaku.com/cg|-b|n/gx.cg|/

total pressure, heat of vaporization, entropy of vaporization, gas éffcl‘gsgé‘;zu%ﬁgs?ggifr'“fgzsosdes—d'Sp'msa@msozn&ws'c

constant, and temperature. The superscript 0 means the reference

condition of one atmosphere. The normal boiling poilift,of ) )
3-ethoxy-4-hydroxybenzaldehyde was obtained from the litera- Received for review June 5, 2007. Accepted July 6, 2007.
ture!? as follows JE700316S



