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Excess volumes of alpha, omega-dichloroalkanes (C2-C6) + some normal
alkane (C5-C17) mixtures

Blanco, A.M. and Ortega, J.*

Universidad de Las Palmas de Gran Canaria, Escuela Superior de Ingenieros Industriales, Catedra de
Termodinamica y Fisicoquimica, Las Palmas de Gran Canaria, Islas Canarias, Spain

INTRODUCTION

In order to understand the relationship between the structure of organic compounds and the
thermodynamic properties of their mixtures, systematic information on the behavior of substances with different
structural characteristics is required (1).

The literature includes several studies of the properties of systems containing alpha, omega-
dichloroalkanes + n-alkanes (2 to 8). The application of group-contribution methods (7) to the excess enthalpies
revealed differences between the compounds with one Cl-atom and two Cl-atoms (proximity effect). There is
also evidence for enthalpic effects in mixtures containing long-chain molecules due to changes in the
conformational equilibrium of the molecules (7). In order to examine these effects in more detail, we reported
(9) the excess enthalpies of 35 mixtures of alpha, omega-dichloroalk + n-alk: (pentane, heptane, nonane,
undecane, tridecane, pentadecane, or heptadecane).

In this paper we report molar excess volumes VE calculated from densities measured by means of a
vibrating tube densimeter (Anton Paar, Graz, Austria), for the above 35 mixtures at 298.15 K at atmospheric
pressure. As far as we know, there appears to be no comprehensive set of measurements published previously.

The VE results reported by Lainez et al. (10, 11) for 12-dichloroethane + heptane, + decane, +
tetradecane, or + hexadecane at 298.15 K are 5 to 10 % lower than our direct or interpolated measurements
in the central range of concentration. The volumetric data of Chaudhari and Katti (12) for 1,2-dichloroethane
+ hexane, + heptane, or + octane and those of Valero et al. (13) for +1,2-dichloroethane + hexane or +
hexadecane, at 298.15 K, agree well with our values. The volumetric results of Krishnaiah and Naidu (14) and
Vij and Mahl (15) for 1,2-dichloroethane + hexane, + heptane, + octane or + nonane taken at 303.15 K are
in acceptable agreement with the values at 298.15 K. Banos ef al. (16) have reported VE results for 1,3-
dichloropropane + hexane or + hexadecane at 298.15 K in excellent agreement with our values. The values of
Royo et al. (17) for 1,3-dichloropropane + hexane at 303.15 K are also acceptable.

The VE values reported by Lainez et al. (11, 18) for 1,4-dichlorobutane + heptane, + decane, or +
tetradecane at 298.15 K are in fair agreement with our direct or interpolated results.

The VE values reported by Lainez ef al. (11, 19) for 1,6-dichlorohexane + octane at 298.15 K are in
qualitative agreement with our interpolated data.

*Author to whom correspondence should be addressed.
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Published by Th Research Center 2 EXCESS VOUME

TX 77843-3111

‘The Texas A&M University System, College S

Components: 1. 1,2-Dichloroethane, C,H,Cl,
2. Pentane, CgHy,

State: y system, single-phase liquid; py both liquid Spain)
Variables: V', molar excess volume

x; mole fraction of component i
Parameters: 7, temperature

Constants: P, pressure

Author(s): Blanco, A. M; Ortega,J. (Universidad de Las Palmas de Gran Canaria, Ecuela Superior de Ingenieros
Industriales, Cétedra de i

Edited by: Kehiaian, H. V. (Institut de Topologie et de Dynamique des Systémes, Université Paris VIL, CNRS,
1, Rue Guy de la Brosse, 75005 Paris, France)

y Fisicoquimica, Las Pal Canaria, Islas Canarias,

u
Calculation of V¥ from density measurements at constant T and P and variable x; ref. 1

Method: SOURCE OF DATA
Blanco, A. M;; Ortega, J. (University of Las Palmas of Gran Canaria, Canary Islands, Spain); FIRST PUBLISHED
RESULTS
DIRECT EXPERIMENTAL VALUES : SMOOTHING EQUATION
Notes: P, atm. i
TRE=9515 029815K VE, =x,x2};a411- u
400 | 4
VoS Coeffs. ; in the smoothing eq., std. Soiios 0 and max. deviation d,,
O e detd. by least-squares anal.
00373 | 1455 300 | B a a a
01125 | 3222
b/
01679 | 3859 ILS
02112 | 4007
02750 | 3910 4% 20815 [768  [-2260 |1 56 [0
03088 | 3736 - I q [C I (G0N (0]
03650 | 3395 5
04147 | 2924 g
04505 | 2508 &
05148 | 1721 o 100 B
06289 | 654 e - N
06835 | 189 & The std. deviations oa; of the coeffs. a; are given in parentheses
i S F = max [V = VEL; 0y = (50 = VEPIN = miF2
08324 | -380 N, no. of direct exptl. values; », no. of coeffs. a;
08634 | -376 Al direct expt. values equally weighted
¥ 2 i
05 75
Points, direct experimental ' values; curves, 1 E, calculated
trom the smoothing equation.

AUXILIARY INFORMATION
Apparatus: Vibrating tube densimeter, (Anton Paar, Graz, Austria), Model DMA 602/60. Temp. was controlled to within 0.01 K using a Heto thermostat
‘was measured by means of a calibrated Pt resistance thermometer.
Procedure: Density, p, was calcd. from period of vibration, 7: p = a + br2. Consts. a and b were detd. by calibrating the app. (ref. 2) with doubly distd. and
degassed HyO, p(298.15 K)/kg m'> = 997.043 (ref. 3) and nonane (Fluka AG, Buchs, Switzerland, ‘purum’, Lot No. 74252, of stated purity
> 99 mole %), p(298.15 K)/kg m> = 713.855 (ref. 4). Mixts. were prepd. by weighing, % was calcd. from VE = ¥ = (5,1 + x,1",), where
= (M} + x;My)Jp is the molar vol. of the mixt. and V*; = V(x; = 1) and M; are, resp., the molar vol. and the molar mass of component .
Materials: 1. Fluka AG (Buchs, St. Gallen, Switzerland) puriss’ grade material of stated GLC purity > 99.5 mole %, dried over mol.sieve: Type 3A (from
Fluka) and used without further purification; p(298.15 Kykg m~3 = 1245.74; n(D, 298.15 K) = 14422; My/10~3kg mol~1 = 98.950
2 Fluka AG (Buchs, St. Gallen, Switzerland) puriss’ grade material of stated GLC purity > 9.5 mole %, dried over mol. sieve Type SA (from
Fluka) and used without further purification; py(298.15 K)/kg m > = 621.31; n(D, 298.15 K) = 1.3547; M,/10~kg mol =1 = 72.15028.

Errors:  8T(reproducibility)/K < 0.01; 87(IPTS-68)K =

.01; dx; = 0.0001; 8VE/10mmol ! < 5.
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Published by Th Research Center A EXCES VOLIME, ‘The Texas A&M University System, College Station, TX 77843-3111
Components: 1. 1,2-Dichloroethane, C;H,Cl, Author(e): Blanco, A. M.; Ortega, 1. (Universidad de Las Palmas de Gran Canaria, Escuela Superior de Ingenieros
2. Heptane, CyHyg Industriales, Citedra de Termodinmica y Fisicoquimica, Las Palmas de Gran Canaria, Islas Canarias,
State: i ingle-phase liquid; p both liquid Spain)
Varlables: V£, molar excess volume Editedby:  Kehiaian, H. V. (Institut de Topologie et de Dynamique des Systémes, Université Paris VII, CNRS,
x; mole fraction of component i 1, Rue Guy de la Brosse, 75005 Paris, France)
Parameters: T, temperature
Constants: P, pressure
Method:  Calculation of V from density measurements at constant T and P and variable x; ref. 1 SOURCE OF DATA
Blanco, A. M;; Ortega, J. (University of Las Palmas of Gran Canaria, Canary Islands, Spain); FIRST PUBLISHED
RESULTS
DIRECT EXPERIMENTAL VALUES - SMOOTHING EQUATION
Notes: P, atm. 1200 a
TK = 29815 DZEIk: 7 Ve = "1'1%%& -yt
i=
V109 Coefls. a; in the smoothing eq., std. deviation o4 and max deviation d,,
A | udmort detd. by least-squares anal.
00639 | 3709 ay a ay ay as ] o S
01475 | 6966 800 K
02072 | 8508 10%m*mol
02452 | 9247
03148 | 10104 20815 [41406 [-1116 [790  [-613 50 [u
03734 | 1044.0 - ®3) |G |@0) @6
04685 | 1051.3 5
05056 | 10362 g
05465 | 10028 & 400
05968 | 9521 s
06257 | 9158 2 st o
06697 | 8539 s ‘The std. deviations aa; of the coefls. a; are given in parentheses
L, | 2 & By = max Ve = VE|; 04 = (Ve = VYN - m] 2
07996 5;6‘1 N, no. of direct exptl. values; , no. of coefls. o;
08549 | 4396 ! ) All direct exptl. values equally weighted
09121 | 2796 05 =
09577 | 1382
Points, direct experimental V' E values; curves, V£ calculated
from the smoothing equation.

AUXILIARY INFORMATION
Apparatus: Vibrating tube densimeter, (Anton Paar, Graz, Austria), Model DMA 602/60. Temp. was controlled to within 0.01 K using a Heto thermostat
and was measured by means of a calibrated Pt resistance thermometer.
Procedure: Density, p, was calcd. from period of vibration, 7: p = a + brZ. Consts. a and b were detd. by calibrating the app. (ref. 2) with doubly distd. and
degassed H,0, p(298.15 K)kg m™® = 997.043 (ref. 3) and nonane (Fluka AG, Buchs, Switzerland, purum’, Lot No. 74252, of stated purity
> 99 mole %), p(298.15 K)kg m™® = 713.855 (ref. 4). Mixts. were prepd. by weighing. ¥ was calcd. from VE = V = (1" + 5,"5), where
V= (x;M; + x,My)/pis the molar vol. of the mixt. and V"; = ¥{x; = 1) and M; are, resp. the molar vol. and the molar mass of component i
Materials: 1. Fluka AG (Buchs, St. Gallen, Switzerland) ‘puriss’ grade material of stated GLC purity > 99.5 mole %, dried over mol. sieve Type 3A (from
Fluka) and used without further purification; py(298.15 K)/kg m= = 1245.74; n(D, 298.15 K) = 1.4422; M /10~*kg mol~! = 98.95916.
2 Fluka AG (Buchs, St Gallen, Switzerland) "puriss’ grade material of stated GLC purity > 99.5 mole %, dried over mol. sieve Type 3A (from
Fluka) and used without further purification; p(298.15 K)/kg m=3 = 679.46; n(D, 298.15 K) = 1.3851; My/10~kg mol =1 = 100.20404.
Materials were degassed ultrasonically before use.
T{(reproducibility)/K < 0.01; ST(IPTS-68)/K = 0.01; &x;

Errors: .0001; 8VE/10m3mol ! < 5.
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Chemistry, Weissberger, A., Editor, Wiley-Interscience, New York, 1970.
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2c. EXCESS VOLUME

Published by Th ics Research Center ‘The Texas A&M University System, College Station, TX 778433111
Components: 1. 1,2-Dichloroethane, C;H Cl, Author(s): Blanco, A. M;; Ortega, J. (Universidad de Las Palmas de Gran Canaria, Escuela Superior de Ingenieros
2. Nonane, CgH,, Industriales, Citedra de Termodingmica y Fisicoquimica, Las Palmas de Gran Canaria, Islas Canarias,
Binary system, single-phase liquid; pure components, both liquid p:
VE, molar excess volume Editedby: Kehiaian, H. V. (Institut de Topologie et de Dynamique des Systémes, Université Paris VII, CNRS,
x; mole fraction of component i 1, Rue Guy de la Brosse, 75005 Paris, France)
Parameters: T, temperature
Constants: P, pressure
Method:  Calculation of V¥ from density measurements at constant T and P and variable x; ref. 1 SOURCE OF DATA
Blanco, A. M;; Ortega, J. (University of Las Palmas of Gran Canaria, Canary Islands, Spain); FIRST PUBLISHED
RESULTS
DIRECT EXPERIMENTAL VALUES . SMOOTHING EQUATION
Notes: P, atm. -
TR 029815K Vi :x,»liz‘a,(x, -yl
€ Coefls. a;in the smoothing eq.,std. deviation 04 and max. deviation 3,,
x S::g:, 1200 | < detd. by least-squares anal. #
00865 | 467.1 a a a a a5 | % | Om
01745 | 8316
02224 | 9894 T 10°m’mol
02914 | 11626 800
03573 | 12742 u 1 20815 [s4152 |-384 [263 40 |13
04177 | 13308 - ©3) |13 |6y
04575 | 13539 5
05090 | 13444 g
05578 |1327.8 ‘B
05897 | 12986 @
06394 | 12219 é Wy 5 o o
06770 | 11665 5 ‘The std. deviations aa; of the coefls. a; are given in parentheses
| (e > Oy = max Ve = VE 5 0 = (2 = VPN = ]!
07470 | 1001.7 u
07639 | 960.6 N, no. of direct exptl. values; n, no. of coefls. a;
oaoss | s Al direct exptl. values equally weighted
08728 | 5818 g o5 =
09169 | 3986
09638 | 1817 Points,direct experimentl VE values; curves, ¥ caleulated
from the smoothing equation.
AUXILIARY INFORMATION REFERENCES
Apparatus: Vibrating tube densimeter, (Anton Paar, Graz, Austria), Model DMA 602/60. Temp. lled .01 K using a Heto th L.Int. DATA Ser. Ser. A, Guideline 2¢, 1979.
and was measured by means of a calibrated Pt resistance thermometer. 2.0rtega, I Matos, J. ; Paz Andrade, M. L; Jiménez, E. J. J. Chem.
Procedure: Density, p, was calcd. from period of vibration, r: p = a + brZ. Consts. a and b were detd. by calibrating the app. (ref. 2) with doubly distd. and Thermodyn. 1985, 17, 1127.
degassed H,0, p(298.15 K)/kg m> = 997.043 (ref. 3) and nonane (Fluka AG, Buchs, Switzerland, ’purum’, Lot No. 14251 of stated purity 3.Riddick, J. A.; Bunger, W. B. Organic Solvents, II, in Techniques of
> 99 mole %), p(298.15 K)kg m'3 = 713.855 (ref. 4). Mixts. were prepd. by weighing, V% was calcd. from VE = V' = (+," + V"), where Chemistry, Weissberger, A., Editor, Wiley-Interscience, New York, 1970,
= (M, + 23My)lo i the molar vl,of the mixt, and V*; = W, = 1) and M are, resp, the molarvol.and the molar mass of comporent’; 4. Anton Paar Information Bull. No. 6, March 1982
1. Fluka AG (Bucks, St Gallen, Switzerland) ‘puriss grade materialof tated GLC purity > 99.5 mole %, dried over mol.sieve Type 3A (from
Fluka) and used without further purification; py(298.15 K)/kg m™3 = 1245.74; n(DD, 298.15 K) = 1.4422; M/10~3kg mol~! = 98.95916.
2 Fluka AG (Buchs, St. Gallen, Switzerland) 'purum’ grade material of stated GLC purity > 99 mole %, dried over mol. m'n,pe 3A (Ilom
Fluka) and used wilhou! further purification; pl(qu 15 Kykg m=> = 713.85; (D, 298.15 K) = 1.4033; My10~ kg mol~! = 128
Materials were degassed ultrasonically before
Errors: ar(mpmduub.myyx < 0.01; 8T(IPTS-68)/K = ool ax; = 0.0001; 8VEN0m’mol ! < 5.
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International DATA Series*
2c. EXCESS VOLUME

ublished by Th Research Center ‘The Texas A&M University System, College Station, TX 77843-3111
Components: 1. 1,2-Dichloroethane, C;H Cl, Author(s): Blanco, A. M, Ortega,J. (Universidad de Las Palmas de Gran Canaria, Escuela Superior de Ingenieros
2. Undecane, CyyHyy lndusuults. Citedra de i y Fisicoquimica, Las Palmas de Gran Canaria, Islas Canarias,
State: i  single-phase liquid; p both liquid pain)
Variables: V£, molar excess volume Edited by: Kthaun, H. V. (Institut de Topologie et de Dynamique des Systémes, Université Paris VII, CNRS,
x; mole fraction of component i 1, Rue Guy de la Brosse, 75005 Paris, France)
Parameters: 7T, temperature
Constants: P, pressure
Method:  Calculation of V from density measurements at constant T and Pand variable x; ref. 1 SOURCE OF DATA
Blanco, A. M;; Ortega, J. (University of Las Palmas of Gran Canaria, Canary Islands, Spain); FIRST PUBLISHED
RESULTS
DIRECT VALUES . SMOOTHING EQUATION
Notes: P, atm. 1600 [ N )
TK = 298.15 Q2ISK VEic =53, a -*!
VEio9 Coefls. a;in the smool}ungzq std. deviation 0,5 and max. deviation d,,
1 [ mdmolt detd, by least-squares anal,
1200 [ E
00649 | 3967 a a ay ay ag | o |
01263 | 6892 K
01803 | 9040 10%m3mol !
02314 | 10780
0217 | 11791 i 29815 [6052 [s85  [893  [-330 13 |14
03505 | 13573 - E E 1) @) (69 |20
03830 | 14229 5
04727 | 1498.1 &
05111 | 1512.1 “&
05561 [ 15082 ]
0.5882 | 1505.0 S 400 - o —_—
06332 | 14504 5 ‘The std. deviations oa; of the coeffs. a; are given in parentheses
07192 | 13131 S = max [VE_, ~ VE|; 0y = [E(VE .o, - VEYUN — m 2
07731 | 11543 Om “‘“.| aate = VE| 5 4= [E(VEcqie = VEUN = m)]
0822 | %71 N, no. of direct expil. values; n, no. of coefs. o;
osrts | 7833 " : All direct exptl. values equally weighted
09147 | 5485 05 =
09497 | 3413
Points, dicect expecimental ¥ values; curves, V E calculated
(rom the smoothing equation.
AUXILIARY INFORMATION REFERENCES
Apparatus: Vibrating tube densimeter, (Anton Paar, Graz, Austria), Model DMA 602/60. Temp. was controlled to within 0.01 K using a Heto thermostat 1.Int. DATA Ser. Ser. A, Guideline 2¢, 1979.
and was measured by means of a calibrated Pt resistance thermometer. 2.Ortega, J.; Matos, J. S.; Paz Andrade, M. L; Jiménez, E. J. J. Chemn.
Procedure: Density, p, was caled. from period of vibration, 7: p = a + brZ. Consts. a and b were detd. by calibrating the app. (ref. 2) with doubly distd. and Thermodyn. 1985, 17, 1127.
degassed H,O, p(298.15 K)/kg m™® = 997.043 (ref. 3) and nonane (Fluka AG, Buchs, Switzerland, 'purum’, Lot No. 74252, of stated purity 3.Riddick, J. A.; Bunger, W. B. Organic Solvents, Il in Techniques of
> 99 mole 9), p(298.15 K)kg m? = 713855 ret. 4). Mixs. were prepd. by weighing, V% was calcd. from VE = V= (5" + 1)V"), where Chemistry, Weissberger, A., Editor, Wiley-Interscience, New York, 1970.
= (M, + x,My)Jp is the molar vol. of the mixt. and V", = V(x; = 1) and M; are, resp,, . and the molar 4.Anton Paar Information Bull No. 6, March 1982.
Materials: 1 Fluka AG (Buchs, St. Gallen, Switzerland) puriss’ grade material of stated GLC purity > 9.5 mole %, dried over mol. leve Type 3A (fmm
Fluka) and used without further purification; py(298.15 K)/kg m=> = 1245.74; n(D, 298.15 K) = 1.4422; My/10~*kg mol~1 =
2 Fluka AG (Buchs, St. Gallen, Switzerland) ‘purum’ grade material of stated GLC purity > 97 mole %, dried over mol. sieve 'lype 3A (from
Fluka) and used without further purification; p,(298.15 K)/kg m~3 = 736.80; n(D, 298.15 K) = 1.4154; M,/10 kg mol =1 = 156.31156.
Materials were degassed ultrasonically before use.
Errors: 8T (reproducibility)/K < 0.01; ST(IPTS-68)/K = 0.01; &x; = 0.0001; 8VE/10%m’mol ! < 5.
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SELECTED DATA ON MIXTURES
International DATA Series*

_ Published by Th Research Center G i The Texas A&M University System, College Station, TX 778433111
2 [ Components: 1. 1,2-Dichloroethane, C;H,Cl Author(s): Blanco, A. M; Ortega, J. (Universidad de Las Palmas de Gran Canaria, Escuela Superior de Ingenieros
2 2. Tridecane, CyHay Industriales, Citedra de ingmica y Fisicoquimica, Las Canaria, Islas Canarias,
g| state: Binary system, single-phase liquid; pure components, both liquid Spain)
§| Variables:  VE, molar excess volume Editedby:  Kehiaian, H. V. (Institut de Topologie et de Dynamique des Systémes, Université Paris VIL, CNRS,
2 ; mole fraction of component i 1, Rue Guy de la Brosse, 75005 Paris, France)
&| Parameters: T, temperature
3| Constants: ), pressure.
G| Method:  Calculation of V% from density t constant T and Pand aref. 1 SOURCE OF DATA
5 Blanco, A. M;; Ortega, J. (University of Las Palmas of Gran Canaria, Canary Islands, Spain); FIRST PUBLISHED
RESULTS
DIRECT EXPERIMENTAL VALUES - SMOOTHING EQUATION
Notes: P, atm. P
B o 5
TR=2615 1600 | O2BISK VEie =153 a -2
i1
VEn0® Coefts. a;in the smoothing eq, st deviation o and max deviation 8,
% | mdmotd detd. by least-squares anal.
01015 | 544.1 120 - B a a o a | as % \ Om
01711 | 8472
by

02041 | 9878 & 10%m’mol !

02469 | 11209

03063 | 13152 20815 |6450 [895  [600  |420 62 (12

03462 | 14023 ~ 800 | B a |@n |69 |20

0.4225 | 15489 5

04968 | 16136 £

0.5263 | 1619.0 &

05968 | 15963 e

06598 | 15351 2 40 - o

07419 | 13494 5 - — The std. deviations oa; of the coefls. a; are given in parentheses

07920 | 11912 A 8= max [V = VE| 5 4= [B(VE g1 = VEPHN = m)] 2

08427 | 9907 b

08883 | 7685 N, no. of direct exptl. values; n, no. of coefls. a;

oo0 | 4275 All direct exptl. values equally weighted

5 & ) L
05 73
Points, direct experimental ¥ E values; curves, ¥ caleulted
from the smoothing equation.
AUXILIARY INFORMATION REFERENCES

© | Apparatus: Vibrating tube deasimeter, (Anton Paar, Graz, Austria), Model DMA 602/60. Temp. was controlled to within 0.01 K using Heto thermostat L.Int. DATA Ser., Ser. A, Guideline 2c, 1979.
8 and was measured by means of a calibrated Pt resistance thermometer. 2.Ortega, J; Matos, . S; Paz Andrade, M. L; Jiménez, E. J.J. Chem.
3
5| Procedure: Deasity, p, wascaled. from period of ibration, ©p = a + br”. Consts. @ and bwere detd. by calibrating the app. (ref. 2) with doubly distd. and Thermodyn. 1985, 17, 1121.
g degassed H,0, p(298.15 Kylkg m = 997.043 (ref. 3) and nonane (Fluka AG, Buchs, Switzerland, purum’, Lot No. 74252, of stated purity 3.Riddick, J. A.; Bunger, W. B. Organic Solvents, II, in Techniques of
H > 99 mole %), p(298.15 K)/kg m3 = T13.855 (ref. 4). Mixts. were prepd. by weighing, VE was caled. from VE = V — (/"1 + 1)V")), where. Chemistry, Weissberger, A., Editor, Wiley-Interscience, New York, 1970.
S V= (eqM; + %Moo s the molar vol. of the mixt and ;= V(x; = 1) and M;are, resp. the molar vol. and the molar mass of component i 4. Anton Paar Information Bull. No. 6, March 1982.
£ | Materals: 1. Fluka AG (Buchs,St. Gallen, Switzerland) puriss’ grade material of stated GLC purity > 99.5 mole %, dried over mol. sieve Type 3A (from
5 Fluka) and used without further purification; p;(298.15 K)/kg. m~3 = 1245.74; n(D, 298.15 K) = 14422, M;/10~%g mol~ = 98.95916.
= 2 Fluka AG (Buchs, St Gallen, Switzerland) ‘puriss’ grade material of stated GLC purity > 99.5 mole %, dried over mol, sieve Type 3A (from
g Fluka) and used without further purification; py(298.15 K)/kg m—3 = 752.79; n(D, 298.15 K) = 1.4238; My/10~ kg mol~! = 184.36532.
= i dy ed i y
% Errors: 8T (reproducibility)/K < 0.01; T(IPTS-68)K = 0.01; & = 0.0001; SVEN0OmPmol ! < 5.
2
g
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SELECTED DATA ON MIXTURES
International DATA Series*
2¢. EXCESS VOLUME

Published by Th Research Center ‘The Texas A&M University System, College Station, TX 778433111
Components: 1. 1,2-Dichloroethane, C;H,Cl, Blanco, A. M;; Ortega, J. (Universidad de Las Palmas de Gran Canaria, Escuela Superior de Ingenieros
2. Pentadecane, CyHyy Industriales, Cétedra de indmica y Fisicoquimica, Las Palmas d Canaria, Islas Canarias,
State: Binary system, single-phase liquid; pure components, both liquid Spain)
Variables: V£, molar excess volume Editedby: Kehiaian, H. V. (Institut de Topologie et de Dynamique des Systémes, Université Paris VI, CNRS,
x, mole fraction of component i 1, Rue Guy de la Brosse, 75005 Paris, France)
Parameters: T, temperature
Constants: P, pressure
Method:  Caleulati constant T and P xgref. 1 SOURCE OF DATA
Blanco, A. M.; Ortega, J. (University of Las Palmas of Gran Canaria, Canary Islands, Spain); FIRST PUBLISHED
RESULTS
DIRECT EXPERIMENTAL VALUES ; SMOOTHING EQUATION
Notes: P, atm. &
TR 02815K Ve =502, aitey ==’
Vo9 1600 | Coeffs. a; in the smoothing eq., std. deviation o4 and max. deviati
= e detd. by least-squares anal.
00426 | 2475 ay a ] a4 as | % I om
01144 | 619.1 1200 )
0.1833 | 9304 10°m’mot
02246 | 10830
02810 | 12779 29815 [6861 1423 792 64 92
03150 | 13911 - an |@o) |60 |10
03372 | 1455.2 L 80
03918 | 15604 &
04778 | 1696.2 “
05235 | 17319 5
05742 | 17395 e o o
06120 | 17127 5 0 The std. deviations oa; of the coefls. a;are given in parentheses
3:(5;: :gx = 8y = max |VE o = VE| ; 0= [2(VE e — VEYU(N — m)]2
07638 | 14208 N, no. of direct exptl. values; n, no. of coefls. a;
0512 | 12308 . ) All direct exptl. values equally weighted
08517 | 10521 0S5 ,1
08914 | 841.2
09462 | 4666 Points, direct experimental VE values; curves, V£, calculated
from the smoothing equation.
AUXILIARY INFORMATION REFERENCES
Apparatus: Vibrating tube densimeter, (Auton Paar, Graz, Austria), Model DMA 602/60. Temp. was controlled to within 0.01 K using a Heto thermostat L. Int. DATA Ser, Ser. A, Guideline 2¢, 1979.
ind was measured by means of a calibrated Pt resistance thermometer. 2.0rtega, I; Matos, J. S.; Paz Andrade, M.
Procedure: Density, p, was calcd. from period of vibration, 7: p = a + br%. Consts. a and b were detd. by calibrating the app. (ref. 2) with doubly distd. and 1985, 17,1127,
degassed H,0, p(298.15 Kykkg m'3 = 997.043 (ref. 3) and nonane (Fluka AG, Buchs, Switzerland, "purum’, Lot No. 74252, of stated purity 3.Riddick, J. A.; Bunger, W. B. Organic Solvents, II, in Techniques of
> 99 mole %), p(298.15 Kykg m™S = 713.855 (ref. 4). Mixts. were prepd. by weighing, V¥ was calcd. from VE = ¥/ — (/"1 + 5,"5), where Chemistry, Weissberger, A., Editor, Wiley-Tnterscience, New York, 1970.
V = (5;M, + £,My)p i the molar vol. of the mixt. and V""; = ¥{x; = 1) and M; are, resp.,the molar vol. and the molar mass of component . 4. Anton Paar Information Bull. No. 6, March 1982.
Materlals: 1. Fluka AG (Buchs, St. Gallen, Switzerland) ‘puriss’ grade material of stated GLC purity > 99.5 mole %, dried over mol. sieve Type 3A (from
Fluka) and used without further purification; p;(298.15 Kykg m=3 = 1245.74; n(D, 298.15 K) = 1.4422; M;/10~*kg mol~! = 98.95916.
2. Fluka AG (Buchs, St Gallen, Switzerland) 'purum’ grade material of stated GLC purity > 98 mole %, dried over mol. sieve Type 3A (from
Fluka) and used without further purification; p(298.15 K)/kg m=> = 764.80; n(D, 298.15 K) = 1.4298; M,/10~kg mol ~! = 21241908.
Materials were degassed ultrasonically before use.
Errors: 67 (reproducibility)/K < 0.01; ST(IPTS-68)/K = 0.01; &x; = 0.0001; 8VZ/10-'m*mol! < 5.
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International DATA Series*

Published by Th Research Center o EXCESONOLOME ‘The Texas A&M University System, College Station, TX 778433111
Components: 1. 1,2-Dichlorocthane, C,H Cl, Author(s): Blanco, A. M.; Ortega, J. (Universidad de Las Palmas d Canaria, Escuel de Ingenieros
2. Heptadeeane, CygHig Industriales, Catedra de ingmica y Fisicoquimica, Las P: Canaria, Islas Canarias,
State: Binary system, single-phase liquid; pure components, both liquid Spain)
Variables: V£, molar excess volume Editedby: Kehiaian, H. V. (Institut de Topologie et de Dynamique des Systémes, Université Paris VI, CNRS,
x; mole fraction of component i 1, Rue Guy de la Brosse, 75005 Paris, France)
Parameters: T, temperature
Constants: ), pressure
Method:  Calculation of V from density measurements at constant T'and P and variable x; ref. 1 SOURCE OF DATA
Blanco, A. M;; Ortega, J. (University of Las Palmas of Gran Canaria, Canary Islands, Spain); FIRST PUBLISHED
RESULTS
DIRECT EXPERIMENTAL VALUES " SMOOTHING EQUATION
Notes: P, atm. 2000 | =
e 02815K VE, =x1x2_2a,1x, -t
VEnod Coeffs. ; in the smoothing eq., il devaion 0 and max deviation 8,
x m’mol! detd. by leash‘qlurcs anal.
1500 | 4
00757 | 457.1 a a ay a as oy ‘
01469 | 828.1
01823 | 9925 L 10%m*mol!
02543 | 12881
03040 | 14512 o 29815 (7289 [1511 [196 |13 [s10  [71 12
03505 | 1569.7 - 5 T @14 |@3)  [(150) |(110) [(260)
03747 | 16303 L
04324 | 17315 £
04812 | 1808.5 o
05488 | 18483 e
06079 | 18350 e s00l - o
06328 | 18151 5 ‘The std. deviations oa; of the coefls. a; are given in parentheses
Ml [ ied g Oy = max Ve = V15 0= [5(V e = VAN = m] 2
077173 | 15088 N, n0. of direct exptl. values; , no. of coefls. a;
08264 | 13143 . ) Al direct exptl. values equally weighted
08744 | 10840 05 ry
09115 | 8385
09519 | s09.1 Points, dicect experimental VE values; curves, V', calculated
from the smoothing equation.
AUXILIARY INFORMATION REFERENCES
Apparatus: Vibrating tube densimeter, (Anton Paar, Graz, Austria), Model DMA 602/60. Temp. was controlled to within 0.01 K usinga Heto thermostat L.Int. DATA Ser, Ser. A, Guideline 2¢, 1979.
and was measured by means of a calibrated Pt resistance thermometer. 2.0rtega, J; Matos, J. S; Paz Andrade, M. L; Jiménez, E. J. J. Chem.
Procedure: Density, p, was calcd. from period of vibration, t: p = a + brZ. Consts. a and b were detd. by calibrating the app. (ref. 2) with doubly distd. and Thermodyn. 1985, 17, 1121.
degassed H,0, p(298.15 K)/kg m™® = 997.043 (ref. 3) and nonane (Fluka AG, Buchs, Switzerland, ’purum’, Lot No. 74252, of stated purity 3.Riddick, J. A-; Bunger, W. B. Organic Solvents, II, in Techniques of
> 99 mole %), p(298.15 K)/kg m'3 = 713.855 (ref. 4). Mixts. were prepd. by weighing. VE was caled. from VE = V' = (1" + /"), where Chemistry, Weissberger, A., Editor, Wiley-Interscience, New York, 1970.
= (M, + x,My)lp is the molar vol. of the mixt. and V*; = V{x; = 1) and M; are, resp, the molar vol. and the molar mass of component i, 4.Anton Paar Information Bull. No. 6, March 1982,
Materials: 1 Fluka AG (Buchs, St Gallen, Switzerland) ‘puriss grade material of stated GLC purity > 99.5 mole %, dried over mol. nzve'l'ype JA (from
Fluka) and used without further purification; p,(298.15 K)kg m™3 = 1245.74; (D, 298.15 K) = 1.4422; My/10™ kg mol~1 = 98950
2 Fluka AG (Buchs, St. Gallen, Switzerland) ‘purum’ grade material of stated GLC purity ~ 99 mole %, dried over mol. sieve Type 3A (from
Fluka) and used without further purification; p,(zqms K)fkg m™3 = 774.33; n(D, 298.15 K) = 1.4347; My/10~3kg mol 1 = 240.47284.
Materials were degassed ultrasonically before
Errors:  8T(reproducibility)/K < 0.01; dT(!l’lS~68)/K om &y = 0.0001; 8VE/10m’mol 1 < 5.
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SELECTED DATA ON MIXTURES
International DATA Series*
2¢. EXCESS VOLUME

ublished by Th Research Center ‘The Texas A&M University System, College Station, TX 778433111
Components: 1. 1,3-Dichloropropane, C;H(Cl Author(s): Blanco, A. M, Ortega, J. (Universidad de Las Palmas de Gran Canaria, Escuela Superior de Ingenieros
2. Pentane, CgHy, Industriales, Citedra de y as Palmas de Gran Canaria, Islas Canarias,
State: i ingle-phase liquid; both liquid Spain)
Variables: V£, molar excess volume Edited by: - Kehiaian, H. V. (Institut de Topologie et de Dynamique des Systémes, Université Paris VII, CNRS,
x; mole fraction of component i 1, Rue Guy de la Brosse, 75005 Paris, France)
Parameters: T, temperature
Constants: P, pressure
Method:  Calculation of V from density measurements at constant T and P and variable x; ref. 1 SOURCE OF DATA|
Blanco, A. M;; Ortega, J. (University of Las Palmas of Gran Canaria, Canary Islands, Spain); FIRST PUBLISHED
RESULTS
DIRECT EXPERIMENTAL VALUES 0 ; SMOOTHING EQUATION
Notes: P, atm. i
T 02815K Ve :Xlxzizla,(xl iyl
) Coeffs. a;n the smoothing eq. std. deviation 0 and max.deviation d,,
X :Z:gl_‘ =20 ~ detd. by least-squares anal. &
00551 | -56.1 ay a ay oy as o I e
01356 | -2129
02002 (3329 —400 % 10%m3mol !
02259 |-3768 r i
03247 | -5573 29815 [-2963 [-990 [678  [-310 60 |13
04103 | -6635 - (x: @) |50 | (20)
04946 | -7340 9
05715 | -7548 &
06376 | -7408 g 600 L B
07153 |-678.1 )
07603 | -605.6 2 - i
07931 |-552¢6 & ‘The std. deviations oa; of the coefls. a; are given in parentheses
08449 | 4446 B 5,y = max |VE gy, = VE|; gy = [E(VE e — VEH(N = my]2
R R —s00 | i m .| ale = VEL5 94 = [E(VEcqe = VEYIN = m)]
09475 | -175.7 N, no. of direct exptl. values; n, no. of coefls. a;
All direct exptl, values equally weighted
L
05 7
Poins, direct experimental ¥ E values; curves, VB calcuated
from the smoothing equation.
AUXILIARY INFORMATION REFERENCES
Apparatus: Vibrating tube densimeter, (Anton Paar, Graz, Austria), Model DMA 602/60. Temp. was controlled to within 0.01 K using a Heto thermostat
and was measured by means of a calibrated Pt resistance thermometer. Jiménez, E. J.J. Chem.
Procedure: Density, p, was calcd. from period of vibration, 7:p = @ + brZ Consts. a and b were detd. by calibrating the app. (ref. 2) with doubly distd. and
degassed H,0, p(298.15 K)kg m> = 997.043 (ref. 3) and nonane (Fluka AG, Buchs, Switzerland, ‘purum’, Lot No. 74252, of stated purity 3.Riddick, J. A.; Bunger, W. B. Organic Solvents, II, in Techniques of
> Wacle 5} (29815 K)/kg m™® = 713,855 (ref. 4). Mms.weve prepd. by weighing. VE was caled. from VE = V — (¢, + x,1"), where Chemistry, Weissberger, A., Editor, Wiley-Interscience, New York, 1970,
V= (M, + x;My)p is the molar vol. of the mixt. and V"; = 1) and M; are, resp., the molar vol. and the molar mass of component i 4.Anton Paar Information Bull. No. 6, March 1982.
Materials: 1. Aldrich Chem. Co,, Inc. ( Milwaukee, WL, USA) materl ofiaed purity ~ 99 mole %, dried over mol. sieve T‘{pe 3A (from Fluka)
and used without further purification; p(298.15 K)kg m™3 = 1178.45; (D, 298.15 K) = 1.4455; My/10~3kg mol
2 Fluka AG (Buchs, St. Gallen, Switzerland) ‘puriss’ grade material of stated GLC purity > 9.5 mole %, dried mermol sieve Type 3A (from
Fluka) and used without further purifications p(298.15 K/kg m~ = 621.31; (D, 298.15 K) = 1.3547; My10~3kg mol~1 = 7215028
Materials were degassed ultrasonically before use.
Errors: AT(repmdnclblhly)/K < 0.01; ST(IPTS-68)/K = 0.01; &x; = 0.0001; 8VE/10°m’mol ! < 5.
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Published by Th Research Center IEXCESYOLIME The Texas A&M University System, College Station, TX 77843-3111
Components: 1. 1,3-Dichloropropane, CyHCl, Author(s): Blanco, A. M.; Ortega, J. (Universidad de Las Palmas Canaria, Escuela St de Ingenieros
2. Heptane, C;H g triales, Citedra de’ ingmica y Fisicoquimica, Las Palmas de Gran Canaria, Islas Canarias,
State: i ingle-phase liquid; both liquid Spain
Variables: V£, molar excess volume Editedby: Kehiaian, H. V. (Institut de Topologie et de Dynamique des Systémes, Université Paris VII, CNRS,
x; mole fraction of component i 1, Rue Guy de la Brosse, 75005 Paris, France)
Parameters: T, temperature
Constants: P, pressure
Method:  Calculation of V from density measurements at constant T'and Pand variable.x; ref. 1 SOURCE OF DATA
Blanco, A. M;; Ortega, J. (University of Las Palmas of Gran Canaria, Canary Islands, Spain); FIRST PUBLISHED
RESULTS
DIRECT EXPERIMENTAL VALUES i SMOOTHING EQUATION
Notes: P, atm. 4
. vE. = —xyi1
TR =29815 - O2815K Ele =02, oty
VoS Coeffs. ; in the smoothing eq., std. deviation 0,4 and max deviation 3,,
f | aimort detd. by least-squares anal
00409 | 1253 ay a a a % | ‘ om
01329 | 2499 K
01904 | 2735 200 [ 4 10°m3mol-!
02269 | 2833
02831 | 2936 2815 [935 [-924 [-6 [-689 [oso [s3 o7
03154 | 2875 - ) (G9) |20 [(98) (10
03779 | 2808 5
04598 | 2490 g
05071 | 2296 &
05508 | 207.8 o 100 B
05867 | 1882 2
06216 | 1637 s ‘The std. deviations oa; of the coefls. a; are given in parentheses
deds | 148 = O = max [ Voo = VE |5 0= [E(VEcqe = VPN - ]2
07358 | 900
08048 | 646 N, no. of direct exptl. values; n, no. of coeffs. 4;
All direct exptl. values equally weighted
0868 | 319 0 . ! equally veight
09168 | 103 o5 %
Points, dicect experimental V' values; curves, ¥ £, calculated
the smoothing equation.
AUXILIARY INFORMATION REFERENCES
Apparatus: Vibrating tube densimeter, (Anton Paar, Graz, Austria), Model DMA 602/60. Temp. was controlled to within 0.01 K using a Heto thermostat L Int. DATA Ser., Ser. A, Guideline 2¢, 1979.
and was measured by means of a calibrated Pt lﬂishnu thermometer. 2.Ortega, J; Matos, J. S.; Paz Andrade, M. L; Jiménez, E. J.J. Chem.
Procedure: Density, p, was calcd. from period of vibration, :p = a + b2, Consts. @ and b were detd. by calibraing the app. (et 2) with doubly distd.and Thermodyn. 1985, 17, 1127.
degassed H,0, p(298.15 K)/kg m™3 = 997.043 (ref. 3)lnd nonane (Fluka AG, Buchs, Switzerland, purum’, Lot No. 74252, of stated purity 3.Riddick, J. A; Bunger, W. B. Organic Solvens, I, in Techniques
> 99 mole %), p(298.15 K)/kg m = 713.855 (ref. 4). Mixts. were prepd. by weighing. VE was calcd. from VE = V — (V"1 +%,V"y), where Chemistry, Weissberger, A., Editor, Wiley-] Imersaenoe, New York, 1970.
V= (5;M; + x,My)Jp is the molar vol. of the mixt. and V"*; = V(x; = 1) and M;are, resp., the molar vol. and the molar mass of component . 4. Anton Paar Information Bull. No. 6, March 1982.
Materlals: 1. Aldrich Chem. Co,, Inc. ( Milwaukee, WL, USA) material, of stated purity ~ 99 mole %, dried over mol.sieve Type 3A (from Fluka)
and used without further purification; p(298.15 K)kg m=> = 1178.45; n(D, 298.15 K) = 1.4455; My/10 kg mol =1 = 112.98604.
2 Fluka AG (Buchs, St. Gallen, Switzerland) ‘puriss’ grade material of stated GLC purity > 99.5 mole %, dried over m
Fluka) and used without further punﬁczhon,pz(BS 15 Kykg m=3 = 679.46; n(D, 298.15 K) = 1.3851; M,/10~ kg mol-
Materials were degassed ultrasonically before
Errorss  8T(reproducibility)/K < 0.01; ST(IPTS-68)/K = 001 &x; = 0.0001; 0VE/10Im’mol ! < 5.

Received: March 15, 1993

Published: July 31,1993

#Ser. A. Thermodynamic Properties of Non-reacting Binary Systems of Organic Substances

0T

1€2-561 ()12 ‘€661 ¥ 28 ‘sanmapy vroq 12§ “25 VIVA ™



SELECTED DATA ON MIXTURES
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_ Published by Thermodynamics Research Center R ENESSYOLUME ‘The Texas A&M University System, College Station, TX 778433111
He ts 1. 1,3 CHCL Author(s): Blanco, A. M;; Ortega, I. (Universidad de Las Palmas de Gran Canaria, Escuela Superior de Ingenieros
= 2. Nonane, CgH, Indusmals. Citedra de Termodinémica y Fisicoquimica, Las Palmas de Gran Canaria, Islas Canarias,
2| state: inary , single-phase liquid; p both liquid ain)
| Variables: V£ molar excess volume Edited by: Kehuum H. V. (Institut de Topologie et de Dynamique des Systémes, Université Paris VI, CNRS,
2 x; mole fraction of component i 1, Rue Guy de la Brosse, 75005 Paris, France)
&| Parameters: T, temperature
% Constants: P, pressure
Method:  Calculation of V% from density measurements at constant T'and Pand variable x; ref. 1 SOURCE OF DATA
8 Blanco, A. M; Ortega, J. (University of Las Palmas of Gran Canaria, Canary Islands, Spain); FIRST PUBLISHED
RESULTS
DIRECT VALUES - SMOOTHING EQUATION
Notes: P, atm. &
YT 0M815K VEie =353, ary —xp!
600 | 2 i=1
VE109 Coefls. ¢; in the smoothing eq., std. deviation o, and max. deviation 3,,
x| detd. by least-squares anal.
00494 | 1510 ol i ] a ay a ag | oy | 8
01548 | 4102 K
02085 | 4776 10°m3mol !
02596 | 5403
03036 | 5615 2815 (23369 [-706 [332 [-262 54 10
03820 | 5987 -~ 300 (SR (COR (COR (U]
04183 | 5943 [ + i
04627 | 589.6 B
05102 | 5879 “u
05495 | 5642 @
5
gjﬁfg gﬁ:; E 150 - The std. deviations aa; of the coefls. a; are given in parentheses
06705 | 470.1 & e = 3 [VE = VE| 5 0= [E(VE e = VEVUN = mji2
gﬁ; :“,g_; N, no. of direct exptl. values; n, no. of coefls. a;
08012 | 3126 All direct exptl. values equally weighted
08579 | 2341 Y 55 %
09294 | 1179
09553 | 751 Points,direct experimental ¥ Evalues; curves, ¥ £ calculated
from the smoothing equation.
AUXILIARY INFORMATION REFERENCES
8| Apparatus: Vibrating tube densimeter, (Anton Paar, Graz, Austria), Model DMA 602/60. Temp. was controlled to within 0.01 K using a Heto thermostat LInt. DATA Ser., Ser. A, Guideline 2¢, 1979.
8 and was measured by means of a calibrated Pt resistance thermometer. 2. ()ncga,! Matos, J. S ; Paz Andrade, M. L; Jiménez, E. J. J. Chem.
Procedure: Density, p, was caled. from period of vibration, 7:p = a + bzZ, Consts. a and b were detd. by calibrating the app. (ref. 2) with doubly distd. and ermodym. 1985, 17, 112].
g degassed HyO, p(298.15 K)kg m™3 = 997.043 (ref. 3) and nonane (Fluka AG, Buchs, Switzerland, ‘purum’, Lot No 74252 of stated purity 3 R.dd.cu A; Bunger, W. B. Organic Solvents, Il in Techniques of
H > 99 mole %), p(298.15 K)/kg m™> = 713,855 (ref. 4). Mixts. were prepd. by weighing. V£ was calcd. from VE_y_ V"1 + x5,V ), where Chemistry, Weissberger, A., Editor, Wiley-Interscience, New York, 1970,
< = (M, + x;My)Jp is the molar vol. of the mixt. and V"*; = V(x; = 1) and M; are, resp,, the molar vol. and the moln ‘mass of componenti. 4.Anton Paar Information Bull. No. 6, March 1982.
§ | Materials: | 'Aldrich Chem. Co, Inc.( Mitvaukee, WI, USA) materia, of sated purity - 99 mote %, ried over ml, sieve T{pe 3A (from Fluka)
H and used without further purification; py(298.15 K)kg m~3 = 1178.45; n(D, 298.15 K) = 1.4455; My/10~3kg mol~1 = 11298604.
o 2 Fluka AG (Buchs, St. Gallen, Switzerland) ‘purum’ grade material of stated GLC purity > 99 mole %, dried over mol ieve Type 3A (from
g Fluka) and used without further purification; p(298.15 K)/kg m=3 = 713.85; n(D, 298.15 K) = 1.4033; lel()“3kg mol~1 = 1282578,
% Errors:  dT(reproducibility)/K < 0.01; ST(IPTS-68)K = 0.01; &x) = 0.0001; 3VE/10m3mol 1 < 5.
H
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2¢. EXCESS VOLUME

ublished by Th Research Center

‘The Texas A&M University System, College Station, TX 77843-3111

Components: 1. 1,3-Dichloropropane, C3HCl, Author(9: Blanco, A M; Ortega, . (Universidad de Las Palmas de Gran Canaria, Escuela Superior de Ingenieros
2. Und«-ne, Cull lndllslnnlcs, Ciltedra de d Canaria, Islas Canarias,
State: le-phase liquid; pu both liquid
Variables: vE e Edited by: Kehiaian, LV, (Institut de Topologie et de Dynamique des Systémes, Université Paris VI, CNRS,
x; mole fraction of component i 1, Rue Guy de la Brosse, 75005 Paris, France)
Parameters: T, temperature
Constant ) pressure
Method:  Cal VE from density t constant T and P and variable x; ref. 1 SOURCE OF DATA
Blanco, A. M; Ortega, J. (University of Las Palmas of Gran Canaria, Canary Islands, Spain); FIRST PUBLISHED
RESULTS
DIRECT EXPERIMENTAL VALUES - SMOOTHING EQUATION
Notes: P, atm.
02815K = il
TK = 29815 & "‘”22 it~
VEnod Coeffs. ;i the smoothing eq., e dcvuuon 9 and max. d
A | dmort detd. by least-squares anal.
00333 | 1161 ay a ay a a I oy | 8
00700 | 237.0
by
01739 | 5061 T 10%m*mol !
0239 | 6198
02836 | 6829 29815 32064 |-307 [188 43 [s3
03449 | 7479 - ®6) |(15) (Y
04000 | 78538 9
05088 | 799.8 £
05845 | 7749 &
06687 | 6913 @
07022 | 6525 2 . .
07404 | 5950 & The std. deviations oa; of the coefls. a; are given in parentheses
e | 3 N O = max | Ve, = VE|; 0y = [2(VEye = VEVN - )12
09047 | 2132 N, no. of direct exptl. values; n, no. of coefls. a;
o00a61 | 1575 . All direct exptl. values equally weighted
05 =
Points,dicect experimental ¥ values; curves, VE, calculated
from the smoothing equation.

AUXILIARY INFORMATION

Apparatus: Vibrating tube densimeter, (Anton Paar, Graz, Austria), Model DMA 602/60. Temp. was controlled to within 0.01 K using a Heto thermostat
and was measured by means of a calibrated Pt resistance thermometer.

Procedure: Density, p, was caled. from period of vibration, % p = a + b2, Cousts.a and b were detd. by calibrating the app. (ref. 2) with doubly istd. and

degassed HyO, p(298.15 K)/kg m™® = 997.043 (ref. 3) and nonane (Fluka AG, Buchs, Switzerland, 'purum’, Lot No. 74252, of stated purity

> 99 mole %), p(298.15 K)kg m™ = 713.855 (ref. 4). Mixts. were prepd. by weighing, V= was caled. from VE = ¥/ — (5,1 + x,/"), where

V'= (M} + ;M) i the molar vol. of the mixt and V*; = V{x; = 1) and M;are, resp., the molar vol. and the molar mass of component i.

1. Aldrich Chem. Co. Inc. ( Milwaukee, W, USA) materia, o stated purity ~ 9 mole %, dred over mal.sieve Type 3A (from Fluka)

and used without further purification; p,(298.15 Kykg m~3 = 1178.45; n(D, 298.15 K) = 1.4455; My/10~kg mol~! = 11298604.

2 Fluka AG (Buchs, St Gallen, Switzerland) ‘purum’ grade material of stated GLC purity > 97 mole %, dried over mol. sieve Type 3A (from

Fluka) and used without further purification; pz(29&|5 K)/kg m=3 = 736.80; 7(D, 298.15 K) = 1.4154;. lelc"kg mol~1 = 156.31156.

Materials were degassed ultrasonically before

8T(reproducibility)/K < 0.01; Amns«ss)/x o, &=

Materials:

Errors: 0.0001; 8VE/10%m3mol 1 < 5.

REFERENCES

L. Int. DATA Ser, Ser. A, Guideline 2¢, 1979.

2.Ortega, J.; Matos, J. S.; Paz Andrade, M. L; Jiménez, E. J. J. Chern.
Thermodyn. 1985, 17,1121.

3.Riddick, J. A.; Bunger, W. B. Organic Solvents, I, in Techniques of
Chemistry, Weissberger, A., Editor, Wiley-Interscience, New York, 1970,

4. Anton Paar Information Bull. No. 6, March 1982.
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Published by Thermodynamics Research Center 2 EXCISS VOLUME ‘The Texas A&M University System, College Station, TX 778433111
Components: 1. 1,3-Dichloropropane, CsH(Cl, Author(s): Blanco, A. M;; Ortega, J. (Universidad de Las Palmas de Gran Canaria, Escuela Superior de Ingenieros
2. Tridecane, CyyHyy Industriales, Ctedra de Termodindmica y Fisicoquimica, Las Palmas de Gran Canaria, Islas Canarias,
State: Binary system, single-phase liquid; pure components, both liquid Spain)
Variables: V£, molar excess volume Editedby:  Kehiaian, H. V. (Institut de Topologie et de Dynamique des Systémes, Université Paris VII, CNRS,
x; mole fraction of component i 1, Rue Guy de la Brosse, 75005 Paris, France)
Parameters: T, temperature
Constants: P, pressure
Method:  Calculation of ¥ from density measurements at constant T and P and variable x; ref. 1 SOURCE OF DATA
Blanco, A. M;; Ortega, J. (University of Las Palmas of Gran Canaria, Canary Islands, Spain); FIRST PUBLISHED
RESULTS
DIRECT EXPERIMENTAL VALUES . SMOOTHING EQUATION
Notes: P, atm. n
0298.15K VEl =x —xyi-l
TK = 298.15 1000 | ale "25 i
V109 Coefls. a;in the smoothing eq, std. deviation o, and max deviation 8,
5 | mimort detd. by least-squares anal.
800 | 4
00394 | 1596 a a ay a ag o |
01031 | 3575
by
01492 | 4858 ] 10%m*mol!
02002 | 6030 600 )
02282 | 6602 r 29815 (36807 [101 [332  [-160 st [93
02893 | 7622 - @3) |69 |69 |@)
03255 | 8127 5
03%3 | 8706 B 0l i
04573 | 908.1 bt
04907 | 9259 C3
05656 | 9136 e - .
06274 | 8712 & ‘The std. deviations oa; of the coefls. a; are given in parentheses
g:;s); m; & 8y = max |V = VE|; gy = [E(VEqy, — VEYUN — m)] 2
07954 | 6228 N, no. of direct expil. values; , no. of coefls. a;
08427 | so17 : . All direct exptl. values equally weighted
08928 | 3745 05 =
09336 | 2519
Points, direct experimental V' values; curves, V 5, calculated
from the smoothing equation.
AUXILIARY INFORMATION REFERENCES
Apparatus: Vibrating tube densimeter, (Anton Paar, Graz, Austria), Model DMA 602/60. Temp. was controlled to within 0.01 K using a Heto thermostat L. Int. DATA Ser, Ser. A, Guideline 2¢, 1979.
and was measured by means of a calibrated Pt resistance thermometer. 2.Ortega, I.; Matos, J.S.; Paz Andrade, M. L; Jiménez, E. J. J. Chem.
Procedure: Density, p, was caled. from period of vibration, a+ b?. Consts. a and b were detd. by calibrating the app. (ref. 2) with doubly distd. and Thermodyn. 1985, 17, 1121.
degassed H)0, p(298.15 K)/kg m> = 997.043 (ref. 3) and nonane (Fluka AG, Buchs, Switzerland, *purum’, Lot No. 74252, of stated purity 3.Riddick, J. A; Bunger, W. B. Organic Solvents, I, in Techniques of
> 99 mole %), p(298.15 K)/kg m™3 = 713.855 (ref. 4). Mixts. were prepd. by weighing. V% was caled. from VE = /= (/"1 + %,1"), where Chemistry, Weissberger, A., Editor, Wiley-Interscience, New York, 1970,
V= (5;M; + 5,M;))p is the molar vol. of the mixt. and V*; = V(x; = 1) and M; are, resp, the molar vol. and the molar mass of component . 4.Anton Paar Information Bull No. 6, March 1982.
Materials: 1. Aldrich Chem. Co, Inc. ( Milwaukee, W1, USA) material, of stated purity ~ 99 mole %, dried over mol. sieve Type 3A (from Fluka)
and used without further purification; p,(298.15 K)/kg m~3 = 1178.45; n(D, 298.15 K) = 1.4455; M/10~3kg mol =1 = 11298604.
2 Fluka AG (Buchs, St. Gallen, Switzerland) 'puriss’ grade material of stated GLC purity > 99.5 mole %, dried over mol.
Fluka) and used without further purification; p,(298.15 K)/kg m=3 = 752.79; n(D, 298.15 K) = 1.423; My10~ kg mol~
Materials were degassed ultrasonically before use.
Errors:  8T(reproducibility)/K < 0.01; T(IPTS-68)/K = 0.01; &x; = 0.0001; 8VE/109m’mol! < 5.
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ublished by Th Research Center

‘The Texas A&M University System, College Station, TX 778433111

§ Components: 1. 1,3-Dichloropropane, C3HCl Author(s): Blanco, A. M.; Ortega, J. (Universidad de Las Palmas de Gran Canaria, Escuela Superior de Ingenieros
i 2. Pentadecane, CygHy, Industriales, Cétedra de Termodingmica y Fisicoquimica, Las Palmas de Gran Canaria, Islas Canarias,
g| sta inary system, single-phase liquid; p both liquid Spain)
§| Variables: V£, molar excess volume Editedby:  Kehiaian, H. V. (Institut de Topologie et de Dynamique des Systémes, Université Paris VIL, CNRS,
2 x; mole fraction of component i 1, Rue Guy de la Brosse, 75005 Paris, France)
&| Parameters: 7, temperature
'§ Constants: P, pressure
Method:  Calculation of V from density measurements at constant T and Pand variable x; ref. 1 SOURCE OF DATA|
8 Blanco, A. M; Ortega, J. (University of Las Palmas of Gran Canaria, Canary Islands, Spain); FIRST PUBLISHED
RESULTS
DIRECT EXPERIMENTAL VALUES - SMOOTHING EQUATION
Notes: P, atm. &
1200 |- i1
T 0M815K VEic =553, a —xp"
i=1
TEoS Coeffs.  in the smoothing eq., std. deviation 0 and max deviation 8,,
5 | s detd. by least-squares anal.
90 | 4
a.osa: :Sms.s a a ay a ag o | 8
0175 753
b
02823 | 809.0 x 10°m3mot !
03552 | 9395
04192 | 9970 20815 [41655 [395  [320 284 19 [s2
04624 | 1027.6 S S ®2 |éH |@n (6D
05329 | 10452 5
05744 | 10343 8
0.6011 | 1028.1 “&
06613 | 970.1 &
06831 | 9435 2 300 4 ot —
o7 | 50 & ‘The std. deviations oa; of the coeffs. a; are given in parentheses
omp | e = Oy = max Ve = VE 5 0= [3(VEye = VN =2
08667 | 5498
08925 | 4576 N, no. of direct exptl. values; n, no. of coeffs. 4;
09511 | 2404 Al direct exptl. values equally weighted
y g 0 L
05 x5
Points, direct experimental ¥ values; curves, ¥ Ey calculated
fom the smoothing equation.

AUXILIARY INFORMATION

Apparatus: Vibrating tube densimeter, (Anton Paar, Graz, Austria), Model DMA 602/60. Temp. was controlled to within 0,01 K using a Heto thermostat
and was measured by means of a calibrated Pt resistance thermometer.

Procedure: Density, p, was calcd. from period of vibration, 7:p = a + b Consts. a and b were detd. by calibrating the app. (ref. 2) with doubly distd. and
degassed H,0, p(298.15 Ky/kg m> = 997.043 (ref. 3) and nonane (Fluka AG, Buchs, Switzerland, purum’, Lot No. 74252, of stated purity
> 99 mole %), p(298.15 K)/kg m = 713.855 (ref. 4). Mixts. were prepd. by weighing. VE was caled. from VE = V = ("1 + 1), where
V= (M, + x,My)p i the molar vol. of the mixt. and V"*; = V(x; = 1) and M; are, resp., the molar vol. and the molar mass of component .

Materlals: 1. Aldrich Chem. Co, Inc. ( Milwaukee, WI, USA) material, of sated purity ~ 99 mole %, dried over mol. sieve Type 3A ({rom Fluks)
and used without further purification; py(298.15 K)/kg m~> = 1178.45; n(D, 298.15 K) = 1.4455; M;10~kg mol
2 Fluka AG (Buchs, St. Gallen, Switzerland) ‘purum’ grade material of stated GLC purity > 98 mole %, dried over mol. sieve Type 3A (from
Fluka) and used without further purification; p,(298.15 Kykg m= = 764.80; n(D, 298.15 K) = 1.4298; My10 kg mol =" = 212.41508.
Materials were degassed ultrasonically before use.

Errors: 8T (reproducibility)/K < 0.01; 7(IPTS-68)/K = 0.01; &x; = 0.0001; SVEN0mPmoll < 5.

19100 Yosessay sorwETkpOWIN L £6610

REFERENCES

1. Int. DATA Ser. Ser. A, Guideline 2c, 1979,

2.Ortega, J; Matos, 1. S.; Paz Andrade, M. L; Jiménez, E. J.J. Chem.

Thermodyn. 1985, 17,1127,

3.Riddick, J. A; Bunger, W. B. Organic Solvents, II,in Techniques of
Chemistry, Weissberger, A., Editor, Wiley-Interscience, New York, 1970,

4.Anton Paar Information Bull. No. 6, March 1982,
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Components: 1 1,3-Dichloropropane, C;H(Cl,

Author(s): Blanco, A. M.

ricga, J. (Universidad de Las Palmas de Gran Canaria, Escuela Superior de Ingenieros

2. Heptadecane, Cyflsg Industriales, Citedra de y Las P: “anaria, Islas Canarias,
State: both liquid Spai

Variables: VE, molar excess volume Editedby:  Kehiaian, H. V. (Institut de Topologie et de Dynamique des Systémes, Université Paris VII, CNRS,

x; mole fraction of component i 1, Rue Guy de la Brosse, 75005 Paris, France)

Parameters: T, temperature

Constants: P, pressure

Method:  Calculation of V from density measurements at constant T and P and variable x; ref. 1 SOURCE OF DATA

Blanco, A. M.; Ortega, J. (University of Las Palmas of Gran Canaria, Canary Islands, Spain); FIRST PUBLISHED
RESULTS
DIRECT 'VALUES T SMOOTHING EQUATION
Notes: P, atm. B
029815K vE. =klx22a,(xl~ tat
TK = 298.15 12001 Vi i
7T Coeffs. ;i the smoothing eq., o deiaion 0 and max deviation 3,
E e detd. by least-squares anal.
00463 | 1800 o0 | | a a a ay
01749 | 6109
7
02234 | 7475 X 10%m’mol-!
02304 | 7632
03189 | 9427 20815 (45268 [605 [497  [345 34 [es
03641 | 10195 = 600 68 |@) (@) (6
03853 | 1042.1 9 r b
04558 | 11107 g
04971 | 11300 &
05616 | 11310 @
06106 | 11213 2 w5 o .
06900 | 10345 & - . ‘The std. deviations oa; of the coefls. a; are given in parentheses
Ll = 8y = max |V = VE| 5 0y = [3(VEgqe = VEUN — m)]122
08503 | 6737 N, no. of direct exptl. values; , no. of coefls. 4;
0890 | 5237 rect exptl. values equally weighted
09466 | 2915 Y 5 -
Points, direct experimental VEviIucs curves, lec calculated
from the smoothing cquation.

AUXILIARY INFORMATION

and was measured by means of a calibrated Pt resistance thermometer.
Procedure: Density, p, was caled. from period of vibration, :p = a +

> 99 mole %), p(298.15 K)/kg m®
oMy +

713.855 (ref. 4). Mixts were prepd. by weighing, VE was calcd. from

and used without further purification; py(298.15 Kykg m™3 = 1178.45; n(D, 298.15 K) = 1.4455; My/10~
2 Fluka AG (Buchs, St Gallen, Switzerland) ‘purum’ grade material of stated GLC purity ~ 99 mole %,

Materials were degassed ultrasonically before use.

o
Errors:  8T(reproducibility)/K < 0.01; ST(IPTS-68)/K = 0.01; &x; = 0.0001; 6¥E/10m’mol ! < 5.

Apparatus: Vibrating tube densimeter, (Anton Paar, Graz, Austria), Model DMA 602/60. Temp. was controlled to within 0.01 K using a Heto thermostat

2 Consts. a and b were detd. by calibrating the app. (ref. 2) with doubly distd. and
degassed HyO, p(298.15 K)/kg m™ = 997.043 (ref. 3) and nonane (Fluka AG, Buchs, Switzerland, ’purum’, Lot No. 74252, of stated purity

1M + x;My)/p is the molar vol. of the mixt. and V"; = V(x; = 1) and M;are, resp.,the molar vol. and the molar mass of component i
Materials: 1 Aldrich Chem. Co, Inc.(Milwaukee, WI, USA) materal, of sated puriy 99 mole %, dried over mol. sieve

Fluka) and used without further purification; p(298.15 K)/kg m~3 = 774.33; n(D, 298.15 K) = 1.4347; M,/10~3kg mol =1 = 24047284.

REFERENCES
L.Int. DATA Ser., Ser. A, Guideline 2¢, 1979.

2.0rtega, J; Matos, J. S ; Paz Andrade, M. L; Jiménez, E. . J. Chem.

Thermodyn. 1985, 17, 1121.

3.Riddick, J. A.; Bunger, W. B. Organic Solvents, II, in Techniques of
= V=@V + 5V, where Chemistry, Weissberger, A., Editor, Wiley-Interscience, New York, 1970,
4.Anton Paar Information Bull. No. 6, March 1982.

Ti/pe 3A (from Fluka)

2.98604.

ieve Type 3A (from

3kg mol ™~

dried over mol i
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Foseardh Bntes 2c. EXCESS VOLUME

‘The Texas A&M University System, College Station, TX 778433111

Components: 1. 1,4-Dichlorobutane, C,HyCl Author(s): Blanco, A. M.; Ortega, J. (Universidad de Las Palmas de Gran Canaria, Escuela Superior de Ingenieros
2. Pentane, CgH;, Industriales, Ctedra de Termodindmicay Fisicoquimica, Las Palmas de Gran Canaria, Islas Canarias,
State: Binary system, single-phase liquid; pure components, both liquid Spain
Variables: V£, molar excess volume Edited by: - Kehiaian, H. V. (Institut de Topologie et de Dynamique des Systémes, Université Paris VII, CNRS,
x; mole fraction of component i 1, Rue Guy de la Brosse, 75005 Paris, France)
Parameters: 7, temperature
Constants: P, pressure
Method:  Calculation of V% from density measurements at constant T and Pand variable x; ref. 1 SOURCE OF DATA|
Blanco, A. M.; Ortega, J. (University of Las Palmas of Gran Canaria, Canary Islands, Spain); FIRST PUBLISHED
RESULTS
DIRECT EXPERIMENTAL VALUES 0 : SMOOTHING EQUATION
Notes: P, atm, n
Bl i-1
TK = 298.15 QXK Véile *’1‘25‘#; -5’
) Coefls. a; in the smoothing eq., std. deviation o, and max. deviation 4,,,
ETl btactst -300 | il detd. by least-squares anal.
00751 |-2534 a a ay a ag o | 8
01690 | -540.1 o
02545 | -756.7 I 10%m3mol-!
04211 | -1028.0 —600 L e
04961 | -1085.1 29815 |-43456]-623 [228 33 (60
05359 | -1096.1 - 69 |13 @)
05661 | ~1087.2 5
06157 | -10593 £
06595 | -1015.1 % 000 | i
06989 | -957.5 @
07368 | -895.7 2 - o
01777 | -1934 = ‘The std. deviations oa; of the coefls. a; are given in parentheses
R e & O = max [VE e = VE| 5 0= [2(VEcyc = VN - m) 2
09744 | 1155 —1200 | 1 N, no. of direct expt. values; , no. of coeffs a;
= 3 All direct exptl. values equally weighted
L
05 )
Points, dicect experimental V' E values; curves, VE, calculated
om the smoothing equation.

AUXILI
Apparatus: Vibrating tube densimeter, (Anton Paar, Graz, Austria), Model DMA 602/60. Temp.

Procedure:

Materlals:

lled Kb ad

and was measured by means of a calibrated Pt resistance thermometer.

Density, p, was calcd. from period of vibration, :p = a + bz, Consts. a and b were detd. by calibrating the app. (ref. 2) with doubly distd. and
degassed HyO, p(298.15 K)/kg m> = 997.043 (ref. 3) and nonane (Fluka AG, Buchs, Switzerland, "purum’, Lot No. 74252, of stated purity

> 99 mole %), p(298.15 K)/kg m™® = 713.855 (ref. 4). Mixts. were prepd. by weighing. V£ was caled. from VE = V — (5,V"1 + . ), where

V= (M + x;My)p is the molar vol. of the mixt and V", = V{x; = 1) and M;are, resp, the molar vol. and the molar mass of component i.

1. Aldrich Chem. Co,, Inc. ( Milwaukee, W1, USA) material, of stated purity ~ 99 mole %, dried over mol. sieve Type 3A (from Fluka) and used
without further purification; p;(298.15 K)/kg m=3 = 1133.06; n(D, 298.15 K) = 1.4524; M;/10~3kg mol~! = 127.01292.

2 Fluka AG (Buchs, St Gallen, Switzerland) puriss’ grade mater
Fluka) and used without further purification; p,(298.15 K)/kg m~

of stated GLC purity > 99.5 mole %, dried over mol. sieve Type 3A (from
621.31; n(D, 298.15 K) = 1.3547; M10~3kg mol~1 = 72.15028.

8T(reproducibility)/K < 0.01; ST(IPTS-68)K = 0.01; ¥, = 0.0001; 8VEN0m’mol ! < 5.

REFERENCES
LInt. DATA Ser, Ser. A, Guideline 2c, 1979,
2.Ortega, J.; Matos, J. S.; Paz Andrade, M. L; Jiménez, E. J. J. Chem.
Thermodyn. 1985, 17,1127.
3.Riddick, J. A; Bunger, W. B. Organic Solvents, II, in Techniques of
Chemistry, Weissberger, A., Editor, Wiley-Interscience, New York, 1970
4.Anton Paar Information Bull. No. 6, March 1982.
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ublished by Th ics Research Center ‘The Texas A&M Universi , C on, TX 778433111
Components: 1. 14-Dichlorobutane, CjHyCly ‘Author(e): Blanco, A. M.; Ortega, J. (Universidad de Las Palmas de Gran Canaria, Escuela Superior de Ingenieros
2. Heptane, CyH;q Industriales, Cdtedra de indmica y Fisicoquimica, La d Canaria, Islas Canarias,
State: inary system, single-phase liquid; both liquid Spain)
Variables: V£, molar excess volume Editedby: Kehiaian, H. V. (Institut de Topologie et de Dynamique des Systémes, Université Paris VII, CNRS,
x; mole fraction of component i 1, Rue Guy de la Brosse, 75005 Paris, France)
Parameters: T, temperature
Constants: P, pressure
Method:  Calculation of VE from density measurements at constant T'and Pand variable x; SOURCE OF DATA
Blanco, A. M;; Ortega, J. (University of Las Palmas of Gran Canaria, Canary Islands, Spain); FIRST PUBLISHED
RESULTS
DIRECT EXPERIMENTAL VALUES - SMOOTHING EQUATION
Notes: P, atm.
j) E $ i-1
TR O28ISK Véie =022, o =)
s0 | = =
VEnod Coeffs. a; in the smoothing eq., std. deviation g, and max. deviation 3,,
% |deart detd. by least-squares anal.
00592 | 405 L a L a3 a as % O
00976 | 614 Tk
01553 | 796 109m3mol
01936 | 732
02614 | 605 —s0 | u| 20815 [-2571 [-1125 81 41 65
02885 | 459 - |15 |G
03511 | 164 L
0321 | -32 g
04678 | —463 B -100 | <
05104 | ~660 o
05559 | =950 g - e
06257 | -1242 & ‘The std. deviations oa; of the coefls. a; are given in parentheses
ol s >0l 4 B = max Ve = VE|; 04 = [E(VEcye = VEVIN = m]' 2
08420 |-1338 N, no. of direct exptl. values; r, no. of coeffs. a;
00210 | -882 All direct exptl. values equally weighted
X 5 '
09734 | -383 05 =
Points,direct experimental V' values; curves, ¥ caleulated
from the smoothing equation.
AUXILIARY INFORMATION REFERENCES
Apparatus: Vibrating tube densimeter, (Anton Paar, Graz, Austria), Model DMA 602/60. Temp. was controlled to within 0.01 K using a Heto thermostat 1.Int. DATA Ser., Ser. A, Guideline 2c, 1979.
nd was measured by means of a calibrated Pt resistance thermometer. 2.0rtega, J; Matos, 1. S.; Paz Andrade, M. ; Jiménez, E. J.J. Chem.
Procedure: Density, p, was calcd. from period of vibration, :p = a + brZ. Consts. a and b were detd. by calibrating the app. (ref. 2) with doubly distd. and Thermodyn. 1985, 17,1121.
degassed H,0, p(298.15 K)kg m> = 997.043 (ref. 3) and nonane (Fluka AG, Buchs, Switzerland, ‘purun’, Lot No. 74252, of stted purity 3.Riddick, J. A.; Bunger, W. B. Orgaric Solvents, I, in Techniques of
> 99 mole %), p(298.15 K)/kg m = 713.855 (ref. 4). Mixts. were prepd. by weighing. VE was caled. from VE = V — (/" + 5)/*5), where Chemistry, Weissberger, A., Editor, Wiley-Interscience, New York, 1970.
V= (v;M; + £,Mylp is the molar vol. of the mixt and *; = V(x; = 1) and M; are, resp., the molar vol. and the molar mass of component i 4.Anton Paar Information Bull No. 6, March 1982.
Materlals: 1. Aldrich Chem. Co,, Inc. ( Milwaukee, W1, USA) material, of stated purity ~ 99 mole %, dried over mol. sieve Type 3A (from Fluka) and used
‘without further purification; p;(298.15 K)/kg m™> = 1133.06; (D, 298.15 K) = 1.4524; M,/10~3kg mol =1 = 127.01292.
2 Fluka AG (Buchs, St. Gallen, Switzerland) ‘puriss’ grade material of stated GLC purity > 99.5 mole %, dried over mol. sieve Type 3A (from
Fluka) and used without further purification; p,(298.15 K)/kg m~3 = 679.46; n(D, 298.15 K) = 1.3851; My/10~kg mol " = 100.20404
gassed i f 3
Errors:  &T(reproducibility)/K < 0.01; 8T(IPTS-68)/K = 0.01; dv; = .0001; SVEN0%m3mol 1 < 5.
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International DATA Series*

2¢. EXCESS VOLUME

Published by Th Research Center ‘The Texas A&M University System, College Station, TX 77843-3111
Components: 1. 1,4-Dichlorobutane, C;HyCl, Author(s): Blanco, A. M; Ortega, J. (Universidad de Las Palmas de Gran Canaria, Escuela Superior de Ingenieros
2. Nonane, CgHy dustriales, Cdtedra de indmica y Fisicoquimica, Las Palmas de Gran Canaria, Islas Canarias,
State: i , single-phase liquid; p both liquid Spain)
Variables: V£, molar excess volume Editedby:  Kehiaian, H. V. (Institut de Topologie et de Dynamique des Systémes, Université Paris VII, CNRS,
x; mole fraction of component i 1, Rue Guy de la Brosse, 75005 Paris, France)
Parameters: 7, temperature
Constants: P, pressure
Method:  Calculation of V from density measurements at constant T and P and variable x;; ref. 1 SOURCE OF DATA
Blanco, A. M;; Ortega, I. (University of Las Palmas of Gran Canaria, Canary Islands, Spain); FIRST PUBLISHED
RESULTS
DIRECT E VALUES - SMOOTHING EQUATION
Notes: P, atm. r
TR 400 | 0298.15K VEle =515 3, o —xp' ™!
Vo9 Coeffs. ; in the smoothing eq., std. deviation g5, and max. deviation 3,,
| mimol! detd. by least-squares anal.
00815 | 1634 300 L . ay a ay J a ag ] P | O
01217 | 2135 K
02304 | 3247 10%m3mol !
02964 | 3530
03349 | 3569 20815 (13033 [-878 [133 42 o3
03781 | 3560 - 200 | 4 66) |(16) |34
04318 | 3469 9
04702 | 3423 &
05214 | 3198 &
05407 | 2920 @
05941 | 2793 2 100l B " .
06613 | 2216 e ‘The std. deviations oa; of the coefls. a; are given in parentheses
Rt | wod & O = max [ Ve = VE| s 0= [E(V i = VPN = ]2
08054 | 1270 P
osm | 785 N, no.of direct expl. values; , no. of coefls. a;
5519 | s 5 ; Al direct exptl. values equally weighted
09769 73 G ~
Points, direct experimental V' E values; curves, ¥ E, calculated
from the smoothing equation.
AUXILIARY INFORMATION REFERENCES
Apparatus: Vibrating tube densimeter, (Anton Paar, Graz, Austria), Model DMA 602/60. Temp. was controlled to within 0.01 K using a Heto thermostat 1.Int. DATA Ser., Ser. A, Guideline 2c, 1979,
and was measured by means of a calibrated Pt resistance thermometer. 2.Ortega, J.; Matos, 1. S.; Paz Andrade, M. L; Jiménez, E. J.J. Chem.
Procedure: Density, p, was calcd. from period of vibration, r: p = a + brZ. Consts. a and b were detd. by calibrating the app. (ref. 2) with doubly distd. and Thermodyn. 1985, 17, 1121.
degassed H,0, p(298.15 Kylkg m™® = 997.043 (ref. 3) and nonane (Fluka AG, Buchs, Switzerland, ‘purum’, Lot No. 74252, of stated purity 3.Riddick, J. A.; Bunger, W. B. Organic Solvents, II, in Techniques of
> 99 mole %), p(208.15 K)/kg m> = 713.855 (ref. 4). Mixts. were prepd. by weighing. V was calcd. from VE = V = (11 + x,/"), where Chemistry, Weissberger, A., Editor, Wiley-Interscience, New York, 1970,
V= (5yM; + x,M,)lp is the molar vol. of the mixt and V" = 1) and M; are, resp., the molar vol. and the molar mass of component i. 4.Anton Paar Information Bull No. 6, March 1982.
Materlals: 1. Aldrich Chem. Co, Inc. ( Milwaukee, WI, USA) material, of stated purity ~ 99 mole %, dried over mol. sieve Type 3A (from Fluka) and used
without further purification; p(298.15 K)/kg m=3 = 1133.06; n(D, 298.15 K) = 1.4524; My/10~ kg mol =1 = 127.01292.
2 Fluka AG (Buchs, St. Gallen, Switzerland) 'purum’ grade material of stated GLC purity > 99 mole %, dried over mol. sieve Type 3A (from
Fluka) and used without further purification; p5(298.15 K)kg m=3 = 713.85; n(D, 298.15 K) = 1.4033; My10~ kg mol =1 = 1282578,
Materials were degassed ultrasonically before use.
Errors: 8T (reproducibility)/K < 0.01; ST(IPTS-68)/K = 0.01; d¢; = 0.0001; 8VZ/10m’mol ! < 5.
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2. EXCESS VOLUME

Published by Th Research Center ‘The Texas A&M University System, College Station, TX 77843-3111
Components: 1. 1,4-Dichlorobutane, C;HyCl, Author(s): Blanco, A. M; Ortega, J. (Universidad de Las Palmas de Gran Canaria, Escuela Superior de Ingenieros
2. Undecane, Cy;Hyy Industriales, Cétedra de indmica y Fisicoquimica, Las Canaria, Islas Canarias,
State: i , single-phase liquid; both liquid Spain)
Varlables: V£, molar excess volume Editedby:  Kehiaian, H. V. (Institut de Topologie et de Dynamique des Systémes, Université Paris VII, CNRS,
x; mole fraction of component i 1, Rue Guy de la Brosse, 75005 Paris, France)
Parameters: 7, temperature
Constants: P, pressure
Method:  Calculation of V£ from density measurements at constant T'and P and variable x; ref. 1 SOURCE OF DATA
Blanco, A. M;; Ortega, I. (University of Las Palmas of Gran Canaria, Canary Islands, Spain); FIRST PUBLISHED
RESULTS
DIRECT E! VALUES ; SMOOTHING EQUATION
Notes: P, atm. %
E i-1
TR = 29815 - 0298.15K VEic =23 a2’
] — i=1
Vo9 Coefls. a; in the smoothing eq., std. deviation o5 and max deviation d,,
Y eiaca detd. by least-squares anal.
01661 | 3557 ss0 L . s | S0 I l il I
02165 | 4334 K
02721 | 4903 10%m3mol !
03192 | 5223
03697 | 5510 9815 (21866 |-588 |65 28 [ss
04328 | 5549 ~ 350 @n 10 (@4
04677 | 5536 5 & B
05219 | 5406 g
05560 | 5215 “u
06347 | 4711 o
06651 | 4431 B
07402 | 3672 & 150 - The std. deviations oa; of the coeffs. a; are given in parentheses
e 2= = Oy = max [VEye = VEL ;0= (2 = VPN = ]
09156 | 134.4 N, no. of direct exptl. values; n, no. of coeffs. a;
0oss1 | 724 . ! All direct exptl. values equally weighted
0s *
Points, icect experimental V' values; curves, ¥ £ calculated
from the smoothing equation.
AUXILIARY INFORMATION REFERENCES
Apparatus: Vibrating tube densimeter, (Anton Paar, Graz, Austria), Model DMA 602/60. Temp. was controlled to within 0.01 K using a Heto thermostat L.Int. DATA Ser., Ser. A, Guideline 2¢, 1979.
and was measured by means of a calibrated Pt resistance thermometer. 2.Ortega, J.; Matos, J. S.; Paz Andrade, M. L; Jiménez, E. J. J. Chem.
Procedure: Density, p, was calcd. from period of vibration, 7: p = a + brZ. Consts. a and b were detd. by calibrating the app. (ref. 2) with doubly distd. and Thermodyn. 1985, 17, 1127.
degassed H,0, p(298.15 K)/kg m™® = 997.043 (reL. 3) and nonane (Fluka AG, Buchs, Switzerland, 'purum’, Lot No. 74252, of stated purity 3.Riddick, J. A.; Bunger, W. B. Organic Solvents, II, in Techniques of
> 99 mole %), p(298.15 K)/kg m™® = 713.855 (ref. 4). Mixts. were prepd. by weighing, V% was caled. from VE = ¥ — (x| + x,"), where Chemistry, Weis ; A, Editor, Wiley-Interscience, New York, 1970.
V= (M, + 5,M,))p is the molar vol. of the mixt and V", = V(x; = 1) and M; are, resp, the molar vol. and the molar i 4 Anton. formation Bull. No. 6, March 1982.

Materials: 1. Aldrich Chem. Co, Inc. ( Milwaukee, W1, USA) material, of stated purity ~ 99 mole %, dried over mol. sieve Type 3A (from Fluka) and used
without further purification; p;(298.15 K)/kg m=3 = 1133.06; n(D, 298.15 K) = 1.4524; My/10- kg mol~1 = 127.01292
2 Fluka AG (Buchs, St. Gallen, Switzerland) ’purum’ grade material of stated GLC purity > 97 mole %, dried over mol. sieve Type 3A (from
Fluka) and used without further purification; p,(298.15 K)/kg m= = 736.80; n(D, 298.15 K) = 1.4154; My/10~*kg mol~! = 156.31156.
Materials were degassed ultrasonically before use.

Errorst 87 (reprods ty)/K < 0.01; ST(IPTS-68)/K = 0.01; &x; = 0.0001; 8VE/10%m’mol 1 < 5.
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Published by Th Research Center e DrIME ‘The Texas A&M University System, College Station, TX 778433111
Components: 1. 1,4-Dichlorobutane, CHyCly Author(s): Blanco, A. M; Ortega, . (Universidad de Las Palmas de Gnn  Canaria, Escuela Superiorde Ingenieros
2. Tridecane, CyyHyy lndusmlls, Citedra de y Gran Canaria, Islas Canarias,
State: i , single-phase liquid; p both liquid pain)
Variables: V£, molar excess volume Edited by: Kehnun, H. V. (Institut de Topologie et de Dynamique des Systémes, Université Paris VII, CNRS,
x; mole fraction of component i 1, Rue Guy de la Brosse, 75005 Paris, France)
Parameters: 7, temperature
Constants: P, pressure
Method:  Calculation of V from density measurements at constant T and Pand variable SOURCE OF DATA
Blanco, A M; Ortega, J. (University of Las Palmas of Gran Canaria, Canary Islands, Spain); FIRST PUBLISHED
RESULTS
DIRECT EXPERIMENTAL VALUES r SMOOTHING EQUATION
Notes: P, atm. 800
L n :
e 02815K VEic =515, a —xp'~!
VEnos Coefls. a; in the smoothing eq., std. deviation 0 and max. deviation d,,
A | rdmort detd. by least-squares anal.
600 | 4
00334 | 1280 a a ay ay ag o ] 8
00987 | 305.1 K
01307 | 3652 10%m3mol !
01802 | 4569
02634 | ssi4 - 20815 (2816 [-227 [320 [-240 64 |15
03207 | 6451 - i & an @6 (48 |@10)
04137 | 6969 5
04610 | 7089 &
05141 | 7043 “&
05576 | 691.8 o
05940 | 6692 s 20[ = o PR
06672 | 6114 o ‘The std. deviations aa; of the coefls. a; are given in parentheses
et = By = max Vg, = VE|; 0y = [S(VEy ~ VEU(N — m)]2
08414 | 3650 N, no. of direct exptl. values; n, no. of coefls. a;
09036 | 2403 § ; All direct exptl. values equally weighted
09376 | 1623 05 =
Points, direct experimental ¥ E values; curves, ¥ £ calculated
from the smoothing equation.
AUXILIARY INFORMATION REFERENCES
Apparatus: Vibrating tube densimeter, (Anton Paar, Graz, Austria), Model DMA 602/60. Temp. was controlled to within 0.01 K using a Heto thermostat L. Int. DATA Ser,, Ser. A, Guideline 2c, 1979.
and was measured by means of a calibrated Pt resistance thermometer. 2.0rtega, I.; Matos, 1. S.; Paz Andrade, M. L; Jiménez, E. 1. . Chem.
Procedurc: Densiy,p, was caled. from period of ibration, :p = a + b2, Consts. aand bwere detd. by calibrating the app. (et 2) with doubly dist. and ermodyn. 1985, 17, 1121.
degassed Hy0, p(298.15 K)/kg m™ = 997.043 (ref. 3) and nonane (Fluka AG, Buchs, Switzerland, ‘purum’, Lot No. 74252, of stated purity 3.Riddick, J. A.; Bunger, W. B. Organic Solvents, II, in Techniques of
: 99 mole %), p(298.15 Kykg m3 = 713,855 (ref. 4). Mixts. were prepd. by weighing. V£ was calcd. from VE = V - (1,V" + x,/"5), where Chemistry, Weissberger, A., Editor, Wiley-Interscience, New York, 1970,
= (1M, + x,My)lp is the molar vol. of the mixt. and V"; = V(x; = 1) and M;are, resp., the molar vol. and the molar mass of component i. 4. Anton Paar Information Bull. No. 6, March 1982,
Materials: l Aldrich Chem. Co, Inc.  Milwaukee, WL, USA) materlal, of stated purity ~ 99 mole %, dried over mol. sieve Type 3 (from Fluka) and used
without further purifications ,(298.15 Kykg m~3 = 1133.06; n(D, 298.15 K) = 1.4524; M;/10~3kg mol~! = 127.01292.
2 Fluka AG (Buchs, St. Gallen, Switzerland) ‘puriss’ grade material of stated GLC purity > 9.5 mole %, dried over mol. sieve Type 3A (from
Fluka) and used without further purification; p(298.15 Kykg m™3 = 75279 n(D, 298.15 K) = 1.4238; My10~*kg mol~1 = 184.36532.
Materials were degassed ultrasonically before use.
Errors:  8T(reproducibility)/K < 0.01; ST(IPTS-68)/K = 0.01; dr; = 0.0001; 8VE/10°m’mol ! < 5.
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2¢. EXCESS VOLUME

ublished by Th Research Center

‘The Texas A&M University System, College Station, TX 778433111

Components: 1. 1,4-Dichlorobutane, C HyCl,
2. Pentadecane, CysHyy
ystem, single-phase liquid;

Author(s): Blanco, A. M;; Ortega, J. (Universidad de Las Palmas de Gran Canaria, Escuela Superior de Ingenieros
Industriales, Citedra de Termodinsmica y Fisicoquimica, Las Palmas de Gran Canaria, Islas Canarias,

State: inary both liquid Spa

Variables: V£, molar excess volume Editedby: - Kehiaian, H. V. (Institut de Topologie et de Dynamique des Systémes, Université Paris VII, CNRS,

x; mole fraction of component i 1, Rue Guy de la Brosse, 75005 Paris, France)

Parameters: T, temperature

Constants: P, pressure

Method:  Calculation of V£ from density measurements at constant T and Pand variable x; ref. 1 SOURCE OF DATA

Blanco, A. M.; Ortega, J. (University of Las Palmas of Gran Canaria, Canary Islands, Spain); FIRST PUBLISHED
RESULTS
DIRECT EXPERIMENTAL VALUES : SMOOTHING EQUATION
Notes: P, atm. :
T 029815K vEi =003t =2’ L
w3 800 | B Coefls. a;in the smoothing eq., std. deviation o, and max. deviation &,
w. (|20 detd. by least-squares anal -
I L i squares anal.
00453 | 1962 a a ay a ag o | O
00803 | 2936 600 | 4 K
01906 | 541.3 10%m*mol !
02232 | 5926
0331 | 7210 20815 (3316 |0 260 [-532 [uso [s7  [os
03663 | 7712 - an |@n  |a20) |(9) [@10)
04362 | 8223 o400 L A
04820 | 8260 g
05273 | 8244 &
05889 | 7999 e
06246 | 7650 El = e
06636 | 7298 S ™ 2 The std. deviations oa; of the coefls. a; are given in parentheses
06963 | 688.1 B 8y = max |VE = VE| 5 gy = [E(VE ey — VEYUN = m] 2
07499 | 6178 <
08195 | 4892 N, no. of direct exptl. values; , no.of coefls. 4;
08ses | 4059 . ) All direct exptl. values equally weighted
09138 | 2629 05 =
Points, direct experimental V' values; curves, V. calculated
from the smoothing equation.

AUXILIARY INFORMATION
Apparatus: Vibrating tube densimeter, (Anton Paar, Graz, Austria), Model DMA 602/60. Temp. was controlled to within 0.01 K using a Heto thermostat
and was measured by means of a calibrated Pt resistance thermometer.
Procedure: Density, p, was calcd. from period of vibration, 7: p = a + brZ. Consts. a and b were detd. by calibrating the app. (ref. 2) with doubly distd. and
degassed H)0, p(298.15 K)/kg m'3 = 997.043 (ref. 3) and nonane (Fluka AG, Buchs, Switzerland, "purum’, Lot No. 74252, of stated purity
> 99 mole %), p(298.15 Ky/kg m> = 713,855 (ref. 4). Mixts. were prepd. by weighing. V% was calcd. from V = V/ = (51" 1 + x,/"5), where
V = (x,M; + ,M))p is the molar vol. of the mixt and V"*; = V{x; = 1) and M;are, resp., the molar vol. and the molar mass of component i.
Materials: 1. Aldrich Chem. Co, Inc. ( Milwaukee, W, USA) material, of stated purity ~ 99 mole %, dried over mol. sieve Type 3A (from Fluka) and used
without further purification; py(298.15 K)/kg m~3 = 1133.06; n(DD, 298.15 K) = 1.4524; My/10~kg mol =1 = 127.01292.
2 Fluka AG (Buchs, St. Gallen, Switzerland) 'purum’ grade material of stated GLC purity > 98 mole %, dried over mol. sieve Type 3A (from
Fluka) and used without further purification; 5(298.15 Kykg m™3 = 764.80; n(D, 298.15 K) = 14298; M,/10~ kg mol =1 = 21241908.
Materials were degassed ultrasonically before use.
8T(reproducibility)/K < 0.01; ST(IPTS-68)/K = 0.01; d¥, = 0.0001; 8VE/10°m’mol ! < 5.

Errors:

REFERENCES

L. Int. DATA Ser, Ser. A, Guideline 2¢, 1979.

2.0rtega, J.; Matos, J. S.; Paz Andrade, M. L; Jiménez, E. J. J. Chern.
Thermodym. 1985, 17, 1121.

3.Riddick, J. A.; Bunger, W. B. Organic Solvents, II, in Techniques of
Chemistry, Weissberger, A., Editor, Wiley-Interscience, New York, 1970.

4. Anton Paar Information Bull. No. 6, March 1982.
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2¢. EXCESS VOLUME

Published by Research Center ‘The Texas A&M Uni ystem, C ion, TX 778433111
Components: 1. 1,4-Dichlorobutane, C;HyCly Author(s): Blanco, A. M;; Ortega, J. (Universidad de Las Palmas de Gran Canaria, Escuel de Ingenieros
2. Heptadeeane, CygHyg Industriales, Cétedra de Termodinmica y Fisicoquimica, Las Palmas de Gran Canaria, Islas Canarias,
State: inary system, single-p both liquid i
Variables: V£, molar excess volume Edited by Kehiaian, H. V. (Institut de Topologie et de Dynamique des Systmes, Université Paris VIL, CNRS,
x; mole fraction of component i 1, Rue Guy de la Brosse, 75005 Paris, France)
Parameters: T, temperature
Constants: P, pressure
Method:  Calculation of V from density measurements at constant T and Pand variable x; ref. 1 SOURCE OF DATA
Blanco, A. M;; Ortega, J. (University of Las Palmas of Gran Canaria, Canary Islands, Spain); FIRST PUBLISHED
RESULTS
DIRECT EXPERIMENTAL VALUES ; SMOOTHING EQUATION
Notes: P, atm. e
T 1000 L 029815K VEi. =x1h2aﬁx,7»»"‘
i=1
VoS Coeffs. ;i the smoothing eq, std. deviation o, and max deviation d,,
% |omert detd. by least-squares anal.
800 | 4
01227 | 4149 a | a ay a, ag o | O
01637 | 5268 )
02785 | 7649 109m3mol!
03662 | 8595 (o s
03952 | 8966 29815 (37301 [96 416 51 76
04646 | 9207 - @4 119 (@2
05244 | 9341 5
05609 | 9246 E 400 4
06164 | 8968 “&
06526 | 8612 @
06912 | 8146 2 e o
07546 | 1169 L ‘The std. deviations aa; of the coefls. a; are given in parentheses
|2 > Oy = max |V = VE|; 4= [2(VEgye = VEVIN - m)]'2
Goss | 308 N, 0. of direct exptl. values; , no. of coefls. a;
09585 | 1700 i . All direct exptl. values equally weighted
[5 X
Points, direct experimental VE values; curves, ¥ £, calculated
from the smoothing equation.
AUXILIARY INFORMATION REFERENCES
Apparatus: Vibrating tube densimeter, (Anton Paar, Graz, Austria), Model DMA 602/60. Temp. was controlled to within 0.01 K using a Heto thermostat L. Int. DATA Ser, Ser. A, Guideline 2¢,1979.
ind was measured by means of a calibrated Pt resistance thermometer. 2.0Ortega, J; Matos, J.S.; Paz Andrade, M. L; Jiménez, E. J. J. Chem.
Procedure: Density, p, was calcd. from period of vibration, 7:p = a + br. Consts. a and b were detd. by calibrating the app. (ref. 2) with doubly distd. and ermodyn. 1985, 17, 1121.
degassed H,0, p(298.15 Kylkg m™® = 997.043 (ref. 3) and nonane (Fluka AG, Buchs, Switzerland, "purum’, Lot No. 74252, of stated purity 3.Riddick,J. A.; Bunger, W. B. Organic Solvents, Il in Techniques of
> 99 mole %), p(298.15 K)/kg m™® = 713.855 (ref. 4). Mixts. were prepd. by weighing, V was calcd. from VE = V'~ (11" + 5,V"5), where Chemistry, Weissberger, A., Editor, Wiley-Interscience, New York, 1970.
= (x;M; + ;M) is the molar vol. of the mixt. and V"; = V(x; = 1) and M;are, resp.,the molar vol. and the molar mass of component . 4.Anton Paar Information Bull No. 6, March 1982.
Materials: 1. Aldrich Chem. Co,, Inc. ( Milwaukee, W1, USA) material, of stated purity ~ 99 mole %, dried over mol. sieve Type 3A (from Fluka) and used
without further purification; p;(298.15 Kykg m= = 1133.06; n(D, 298.15 K) = 1.4524; My/10~%kg mol ~1 = 127.01292.
2 Fluka AG (Buchs, St. Gallen, Switzerland) 'purum’ grade material of stated GLC purity ~ 99 mole %, dried over mol. sieve Type 3A (from
Fluka) and used without further purification; p,(298.15 K)/kg m=3 = 774.33; n(D, 298.15 K) = 14347; My10~*kg mol = = 24047284
Materials were degassed ultrasonically before use.
Ervorst  T(reproducibility)/K < 0.01; 8T(IPTS-68)/K = 0.01; dx; = 0.0001; 8VE/10m’mol! < 5.
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2. EXCESS VOLUME

ublished by Th Research Center ‘The Texas A&M University System, Cs TX 778433111
Z[ Components: 1. 1,5-Dichloropentane, CgHyCly Author(s): Blanco, A. M. Orteg, J. (Universidad de Las Palmas de Gran Canaria, Escuela Superior de Ingenieros
2 2. Pentane, Cyly lm‘lllslnale; Citedra de y La: Canaria, Islas Canarias,
3| state: y single-phase liquid; p both liquid pain)
| Vvariables: VE, ‘molar excess volume Edited by: m,..a.\, H. V. (Institut de Topologie et de Dynamique des Systémes, Université Paris VIL, CNRS,
g x; mole fraction of component i 1, Rue Guy de la Brosse, 75005 Paris, France)
Parameters: T, temperature
3 }
R Constants: P, pressure
8| Method Caleulation of V from density t constant Tand P iref. 1 SOURCE OF DATA
8 Blanco, A. M; Ortega, J. (University of Las Palmas of Gran Canaria, Canary Islands, Spain); FIRST PUBLISHED
RESULTS
DIRECT EXPERIMENTAL VALUES 0 3 SMOOTHING EQUATION
Notes: P, atm. 5 % o
TR 0298.15K VEie =213, e -2y~
i B i=1
VEno® in the smoothing eq.,std. deviation o5 and max. deviation d,,
X 3/10‘7‘ detd. by least-squares anal.
-0 —400 | A
00865 | -4122 ay a ay ay ag l oy |
01345 | -626.1 K
01843 | -813.4 10°m’mol !
e [ 29815 | -s4585[-19 |64 55 |u
03716 | ~12794 ~5458.5| -
04652 | ~13484 o 0L - 09 ey |en
05204 | -13625. 5
05718 | -13375 £
06252 | -1280.1 &
06564 | -1235.3| o
07073 [-1139.6 2 T o
07541 | -10146] S| | ‘The std. deviations oa; of the coefls. a; are given in parentheses
ol i 8 Oy = max [ Voo = VEL 5 0= (Ve = VYN = m]
0% | N, no. of direct exptl. values; n, no. of coefls. a;
All direct exptl. values equally weighted
L
[5 7
Points, dicect experimental VE values; curves, ¥ £ calculated
from the smoothing equation.
AUXILIARY INFORMATION REFERENCES
© | Apparatus: Vibrating tube densimeter, (Anton Paar, Graz, Austria), Model DMA 602/60. Temp. was controlled to within 0.01 K using a Heto thermostat 1.Int. DATA Ser., Ser. A, Guideline 2¢, 1979,
8 and was measured by means of a calibrated Pt rtsislzncc thermometer. 2.Ortega, J; Matos, 1. S; Paz Andrade, M. L; Jiménez, E. J. J. Chemn.
Procedure: Density, p, was caled. from period of vibration, t:p = a + b Consts. a and b were detd. by calibrating the app. (ref 2) with doubly distd. and Thermodyn. 1985, 17, 1121.
g degassed Hy0, p(298.15 K)kg m™ = 997.043 (ref. 3) eidsonins (Fluka AG, Buchs, Switzerland, "purum’, Lot No. 74252, of stated purity 3.Riddick, J. A.; Bunger, W. B. Organic Solvents, Il in Techniques of
H > 99 mole %), p(298.15 K)/kg m™® = 713.855 (ref. 4). Mixts. were prepd. by weighing VE was calcd. from VE = ¥ — (1" + x,1"*5), where Chemistry, Weissberger, A., Editor, Wiley-Interscience, New York, 1970,
£ (M; + x;My) i the molar vol. of the mixt. and ¥*; = V(x; = 1) and M; are, resp., the molar vol. and the molar mass of component i. 4.Anton Paar Information Bull. No. 6, March 1982.
£ | Materials: 1 Aldrich Chem, Co, Inc. ( Milwaukee, WI, USA) mateal, of stated purity ~ 99 mole %, dried over mol. sieve Type 3A (from Fluka) and
5 used without further purification; py(298.15 K)/kgm‘-" = 1095.27; n(D, 298.15 K) = 1.4545; M,/10~kg mol~* = 141.0395.
2 Fluka AG (Buchs, St. Gallen, Switzerland) ‘puriss’ grade material of stated GLC purity > 99.5 mole %, dried over mol. sieve Type 3A (from.
g’ Fluka) and used without further purifcation; o,(298.15 K)/kg m=3 = 621.31; (D, 298.15 K) = 1.3547; My10~kg mol~1 = 72.15028.
3 Materials were degassed ultrasonically before use.
E’ Brrors:  8T(reproducibility)/K < 0.01; ST(IPTS-68)/K = 0. =0.0001; 8VEN0mmol 1 < 5.
g
5
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SELECTED DATA ON MIXTURES
International DATA Series*

Published by ics Research Center e BN YOUIME ‘The Texas A&M University System, College Station, TX 77843-3111
Components: 1. 1,5-Dichloropentane, CgHoCly Author(s): Blanco, A. M.; Ortega, J. (Universidad de Las Palmas de Gran Canaria, Escuela Superior de Ingenieros.
2. Heptane, C;Hyg Indusiriales, Cétedra de Termodingmica y Fisicoquimica, Las Palmas de Gran Canaria, Islas Canarias,
Binary system, single-phase liquid; pure components, both liquid Spain)
, molar excess volume. Editedby:  Kehiaian, H. V. (Institut de Topologie et de Dynamique des Systémes, Université Paris VI, CNRS,
x; mole fraction of component i 1, Rue Guy de la Brosse, 75005 Paris, France)
Parameters: 7, temperature
Constants: P, pressure
Method:  Calculation of V% from densit constant T and P iable x; ref. 1 SOURCE OF DATA
Blanco, A. M;; Orlega, J. (University of Las Palmas of Gran Canaria, Canary Islands, Spain); FIRST PUBLISHED
RESULTS
DIRECT EXPERIMENTAL VALUES : SMOOTHING EQUATION
Notes: P, atm. ¢ n,
T 02815K VE, =Xlx2.2ai(xlfxz)'_]
V09 Coefis. a;in the smoothing eq., std. deviation g5 and max deviation d,,,
5 | a3mort detd. by least-squares anal.
-100 | 4
00417 | =51 ay \ a ay ay as | oy |
01523 | 458
bi
01771 | =566 LS 10%m’mol !
02275 | =999
02410 |-1047 20815 |-10447|-797 [112  [-232 49 [u
03030 |-147.1 - ©n |G |@n ()
03610 [-18L5 b =200 -
04409 | -2369 &
0.4697 | -250.7 &
05524 | -2828 <
06289 | -2199 E . o
07128 | -28638 = o ‘The std. deviations oa; of the coefls. a; are given in parentheses
ol |t S a0 L 4 By = max [VE = VE|; 0= [B(V e = VPN = )] 2
09007 |-1530 N, no. of direct exptl. values; , n0. of coefls. 4;
09676 | —61.6 All direct exptl. values equally weighted
X X L
05 i
Points, direct experimental V' values; curves, ¥ Ey caleulated
from the smoothing equation.
AUXILIARY INFORMATION REFERENCES
Apparatus: Vibrating tube densimeter, (Anton Paar, Graz, Austria), Model DMA 602/60. Temp. was controlled to within 0.01 K using a Heto thermostat L.Int. DATA Ser., Ser. A, Guideline 2c, 1979.
and was measured by means of a calibrated Pt resistance thermometer. 2.Ortega, J; Matos, J. S,; Paz Andrade, M. L; Jiménez, E. J. J. Chemn.
Procedure: Density, p, was calcd. from period of vibration, r:p = a + brZ. Consts. a and b were detd. by calibrating the app. (ref. 2) with doubly distd. and Thermodyn. 1985, 17, 1121.
degassed H,O, p(298.15 K)kg m'® = 997.043 (ref. 3) and nonane (Fluka AG, Buchs, Switzerland, "purum’, Lot No. 74252, of stated purity 3.Riddick, J. A.; Bunger, W. B. Organic Solvents, I, in Techniques of
> 99 mole %), p(298.15 K)/kg m'3 = 713.855 (ref. 4). Mixts. were prepd. by weighing VE was calcd. from VE = V= (5" | + x,/")), where Chemistry, Weissberger, A., Editor, Wiley-Interscience, New York, 1970,
V= (x,M; + x;My)lp is the molar vol. of the mixt. and V"; = ¥(x; = 1) and M;are, resp., the molar vol. and the molar mass of component i. 4. Anton Paar Information Bull No. 6, March 1982.
Materlals: 1. Aldrich Chem. Co, Inc. ( Milwaukee, W1, USA) material, of stated purity ~ 99 mole %, dried over mol. sieve Type 3A (from Fluka) and
used without further purification; p;(298.15 Kykg m=> = 1095.27; n(D, 298.15 K) = 1.4545; M;/10~>kg mol ~! = 141.0398.
2 Fluka AG (Buchs, St. Gallen, Switzerland) ‘puriss’ grade material of stated GLC purity > 99.5 mole %, dried over mol. sieve Type 3A (from
Fluka) and used without further purification; p,(298.15 K)/kg m=> = 679.46; n(D, 298.15 K) = 1.3851; M,/10~kg mol =1 = 100.20404.
Materials were degassed ultrasonically before use.
Errors: 8T (reproducibility)/K < 0.01; ST(IPTS-68)K = 0.01; &x; = 0.0001; 8VZ/10'm’mol ! < 5.
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SELECTED DATA ON MIXTURES
International DATA Series*

2¢. EXCESS VOLUME

Published by Research Center ‘The Texas A&M University System, College Station, TX 77843-3111
§ Components: 1. 1,5-Dichloropentane, CsHyoCly “Author(s):_Blanco, A. M.; Ortega, J. (Universidad de Las Palmas de Gran Canaria, Escuela Superior de Ingenieros
= 2. Nonane, CgHyg Industriales, Cétedra de insmica y Fisicoquimica, Las. Canaria, Islas Canarias,
8| state: i ingle-phase liquid; p s, both liquid
§| Variables:  VE, molar excess volume Editedby: Kehiaian, H. V. (Institut de Topologie et de Dynamique des Systémes, Université Paris VII, CNRS,

2 x; mole fraction of component i 1, Rue Guy de la Brosse, 75005 Paris, France)
&| Parameters: T, temperature
‘E Constants: P, pressure
Method:  Calculation of VE from density measurements at constant T and Pand variable x; ref. 1 SOURCE OF DATA
5 Blanco, A. M;; Ortega, J. (University of Las Palmas of Gran Canaria, Canary Islands, Spain); FIRST PUBLISHED
RESULTS
DIRECT EXPERIMENTAL VALUES SMOOTHING EQUATION
Notes: P, atm. ) n
TK = 298.15 20 O29815K VEi = x,;z;‘am =il
=
VEnoo Coeffs. a; in the smoothing q., std. deviation o and max. deviation 8,,
E b detd. by least-squares anal.
00496 | 590 150 | - ay a ay o | 8
00950 | 1089
02553 | 1854 L
03596 | 1868
04017 | 1774 29815 [5878 |[-756 |86 34 |90
04278 | 1712 1000 - 68 |13 ¥
05222 | 1346 5
06052 | 1022 &
0.6168 952 “&
06729 | 839 @
omt | 517 S 2 - - o
07460 | 508 & The std. deviations oa; of the coefls. a;are given in parentheses
07801 318 S 8 = max |VE - VE| 5 0g= [E(VE e — VBN - m) 2
07982 | 258 m | eale = VE 5 4= [E(VEeqie = VEYIN = m)]
08419 | 167 N, o, of direct expi. values;, o of coefls. a;
sens | ito 0 - All direct exptl. values equally weighted
08819 71 o5 -
08960 34
09316 23 Points,direct expeimental VE values; curves, V5, caleulated
from the smoothing equation.
AUXILIARY INFORMATION REFERENCES
© | Apparatus: Vibrating tube densimeter, (Anton Paar, Graz, Austria), Model DMA 602/60. Temp. lled .01 K using a Heto th 1.Int. DATA Ser, Ser. A, Guideline 2¢, 1979.
g and was sy means of a calibrated Pt resistance 2.0rtega, 1 Matos, . S.; Paz Andrade, M. ; Jiménez, E. J.J. Chem.
5| Procedure: Deasity, p, was caled. from period o ibration, v:p = @ + be. Consts. a and b were detd. by calibrating the app. (ref. 2) with doubly distd. and ermodym. 1985, 17, 1121,
g degassed H,0, p(298.15 Kylkg m = 997.043 (rf.3) and nonane (Fluka AG, Buchs, Switzerland, purum’, Lot No. 74257, ofstated purity 3.Riddick, J. A.; Bunger, W. B, Organic Solvents, II, in Techniques of
> 99 mole %), p(298.15 K)/kg m™® = 713855 (ref. 4). Mixts. were prepd. by weighing, VE was caled. from VE = V — (51”1 + x,V"5), where Chemistry, Weissberger, A., Editor, Wiley-Interscience, New York, 1970.
.§ V= (M + 5,M)p s the molar voL. of the mixt. and V", = V(x; = 1) and M;are, resp, the molar vol. and the molar mass o component i 4. Anton Paar Information Bull. No. 6, March 1982.
£ | Materials: 1. Aldrich Chem. Co, Inc. (Milwaukee, WI, USA) materal, of stated purity ~ 99 mole %, dried over mol. sicve Type 3A (from Fluka) and
E wsed without further purification; py(298.15 Kykg m™3 = 1095.27; (D, 298.15 K) = 1.4545; My/10~3kg mol ! = 141.0398.
2 Fluka AG (Buchs, St Gallen, Switzerland) ‘purum’ grade material of stated GLC purity > 99 mole %, dried over mol.sieve Type 3A (from
E Fluka) and used without further purification; p,(298.15 K)/kg m~3 = 713.85; n(D, 298.15 K) = 1.4033; My10~ kg mol ~! = 128.2578.
H Materials were degassed ultrasonically before use.
Z’ Errors: 8T (reproducibility)/K < 0.01; ST(IPTS-68)K = 0.01; &; = 0.0001; SVEN0 mmol < 5.
g

162561 (€)12 ‘€661 ¥ 2 ‘sammpy viol 1S “2S VIV M

Received: March 15,1993

Published: July 31,1993

+Ser. A. Thermodynamic Properties of Non-reacting Binary Systems of Organic Substances



SELECTED DATA ON MIXTURES
International DATA Series*
2c. EXCESS VOLUME

_ Published by Th Research Center ‘The Texas A&M University System, College Station, TX 77843-3111
2[ Components: 1. 1,5-Dichloropentane, CgHyCly ‘Author(s): Blanco, A. M; Ortega, J. (Universidad de Las Palmas de Gran Canaria, Escuela Superior de Ingenieros
i 2. Undecane, CyyHyy Industriales, Cétedra de indmica y Fisicoquimica, Las Canaria, Islas Canarias,
8| ste: inary system, single-phase liquid; p , both liquid Spain)
| Variables: Y molar excess volume Editedby: Kehiaian, H. V. (Institut de Topologie et de Dynamique des Systémes, Université Paris VII, CNRS,
3 8i q
2 x, mole fraction of component i 1, Rue Guy de la Brosse, 75005 Paris, France)
&| Parameters: 7, temperature
3| Constants: P, pressu
T| Method:  Calculation of V from density measurements at constant T'and P and variable x; ref. 1 SOURCE OF DATA
5 Blanco, A. M; Ortega, J. (University of Las Palmas of Gran Canaria, Canary Islands, Spain); FIRST PUBLISHED
RESULTS
DIRECT EXPERIMENTAL VALUES . SMOOTHING EQUATION
Notes: P, atm. N
T i-
TR 400 | 02815K VEic =052, ay - '
i=1
V09 Coeffs. a; in the smoothing eq., std. deviation 5 and max. deviation 8,,
2 | mdmort detd. by least-squares anal.
00599 | 1173 300 | 5| a a a
01239 | 2038
by

01914 | 2909 B

02362 | 3328

02913 | 3554 29815 [14753 |-613 44 |83

03429 | 3774 200 | A 6 |(15)

03800 | 3821 L

04308 | 3801 g

04709 | 3711 ‘%

05073 | 3610 ?

05519 | 3482 2 10 . 2

06360 | 3071 R - B The std. deviations oa; of the coefls. a; are given in parentheses

orbn | 2% L3 By = max |V = VE| 5 0= (Ve = VN = ]

0771 | 2055

08203 | 1481 N, no. of direct exptl. values; n, no. of coefls. a;

osos1 | oL All direct exptl. values equally weighted

v = 0 L
09488 | 477 05 =
Points, direct experimental VE values; curves, V£ calculated
from the smoothing equation.
AUXILIARY INFORMATION REFERENCES
© | Apparatus: Vibrating tube densimeter, (Anton Paar, Graz, Austria), Model DMA 602/60. Temp. was controlled to within 0.01 K using a Heto thermostat 1.Int. DATA Ser., Ser. A, Guideline 2¢, 1979.
8 ind was measured by means of a calibrated Pt resistance thermometer. 2.Ortega, J; Matos, J. S,; Paz Andrade, M. L; Jiménez, E. J. J. Chem.
5| Procedure: Density, p, wascaled. from period of vibration, 7. p = a + br”. Consts. @ and b were detd. by calibrating the app. (€. 2 with doubly distd. and Thermodyn. 1985, 17,1121.
g degassed H,0, p(298.15 K)lkg m> = 997.043 (ref. 3) and nonane (Fluka AG, Bucks, Switzerland, ‘purum’, Lot No. 74252, of stated purity 3.Riddick,J. A.; Bunger, W. B. Organic Solvens, II, in Techniques of
g > 99 mole %), p(298.15 K)kg m™® = 713855 (ref. ). Mixts. were prepd. by weighing, VE was caled. from VE = V= (1,3 + %,""5), where Chemistry, Weissberger, A., Editor, Wiley-Interscience, New York, 1970.
V= (M, + £;M;)}p i the molar voL. of the mixt. and V" = V(x; = 1) and M; are, resp, the molar vol. and the molar mass of component i 4. Anton Paar Information Bull. No. 6, March 1982.
E Materlals: 1. Aldrich Chem. Co, Inc. ( Milwaukee, WI, USA) material, of stated purity ~ 99 mole %, dried over mol. sieve Type 3A (from Fluka) and
5 used without further purification; p;(298.15 K)kg m~3 = 1095.27; (D, 298.15 K) = 1.4545; M,/10~3kg mol~! = 141.0398.
2 Fluka AG (Buchs, St. Gallen, Switzerland) 'purum’ grade material of stated GLC purity > 97 mole %, dried over mol. sieve Type 3A (from

§' Fluka) and used without further purification; p5(298.15 Ky/kg m3 = 736.80; n(D, 298.15 K) = 1.4154; My/10-kg mol~1 = 156.31156.
H ‘Materials were degassed ultrasonically before use.
§ Erors:  8T(reproducibility)K < 0.01; ST(IPTS-68)/K = 0.01; &, = 0.0001; V%10 %m’mol ! < 5.
g
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SELECTED DATA ON MIXTURES
International DATA Series*
2¢. EXCESS VOLUME

Constants: P, pressure

Published by Th Research Center ‘The Texas A&M University . C TX 778433111
Components: 1. 1,5-Dichloropentane, CgH;oCly Author(s): Blanco, A M; Ortega, J. (Universidad de Las Palmas de Gran Canaria, Escuela Superior de Ingenieros
2. Tridecane, Cy3Hog Industriales, Cétedra de ingmica y Fisicoquimica, Las Palmas d Canaria, Islas Canarias,
State: i , single-phase liquid; p both liquid Spa
Variables: V£, molar excess volume Editedby: Kehiaian, H. V. (Institut de Topologie et de Dynamique des Systémes, Université Paris VII, CNRS,
x; mole fraction of component 1, Rue Guy de la Brosse, 75005 Paris, France)
Parameters: T, temperature

SOURCE OF DATA

Blanco, A. M;; Ortega, I. (University of Las Palmas of Gran Canaria, Canaty Islands, Spain); FIRST PUBLISHED
LTS

Method:  Calculation of V from density measurements at constant T and Pand variable x; ref. 1
RESU!
DIRECT EXPERIMENTAL VALUES .
Notes: P, atm.
600
r 029815K
TK = 298.15
VEnoo
1 mimol
450 | _
00651 | 1757
01552 | 3345
02080 | 4100
02640 | 4746
03278 | 5138
03668 | 5355 w WO B
04942 | 5459 5
05107 | 5432 &
05638 | 528.1 &
05897 | 5109 L3
06900 | 4378 2 150 L i
07347 | 3921 o
08080 | 3058 S
08553 | 2426
09532 | 951
0 L
[5 =
Points, direct experimental V' values; curves, V£, calculated
from the smoothing equation.

SMOOTHING EQUATION
n
5 i
Vi =nn % a -2
i=1

Coeffs. ;i the smoothing eq., std. deviation 05 and max deviation 3,,
detd. by least-squares anal.

a a ay ay ag o Iam
by
& 10°mmot!
2815 |21788 [-432 211 47 10
®2 |an @0

‘The std. deviations ga; of the coeffs. a; are given in parentheses
O = max Ve = VEL 5 0y = 2V e = VN = m]!2

N, no. of direct expl. values; n, no. of coeffs.
Al direct exptl values equally weighted

AUXILIARY INFORMATION

Apparatus: Vibrating tube densimeter, (Anton Paar, Graz, Austria), Model DMA 602/60. Temp. was controlled to within 0.01 K using a Heto thermostat
and was measured by means of a calibrated Pt resistance thermometer.

Procedure: Density, p, was calcd. from period of vibration, 7: p = a + bz, Consts. a and b were detd. by calibrating the app. (ref. 2) with doubly distd. and
degassed H,0, p(298.15 K)/kg m-3 = 997.043 (ref. 3) and nonane (Fluka AG, Buchs, Switzerland, ‘purum’, Lot No. 74252, of stated purity
> 99 mole %), p(298.15 K)/kg m™® = 713,855 (ref. 4). Mixts. were prepd. by weighing, V% was calcd. from VE = ¥/ — (s, + 5,V"), where
V= (x;M; + £;My)lp is the molar vol. of the mixt. and V"; = V(x; = 1) and M; re, resp., the molar vol. and the molar mass of component .

Materials: 1. Aldrich Chem. Co,, Inc. ( Milwaukee, W, USA) material, of stated purity ~ 99 mole %, dried over mol. sieve Type 3A (from Fluka) and
used without further purification; p;(298.15 K)kg m=3 = 1095.27; n(D, 298.15 K) = 1.4545; M;/10~*kg mol ~! = 141.0398.
2 Fluka AG (Buchs, St. Gallen, Switzerland) ‘puriss’ grade material of stated GLC purity > 9.5 mole %, dried over mol. sieve Type 3A (from
Fluka) and used without further purification; p,(298.15 K)/kg m=3 = 752.79; (DD, 298.15 K) = 1.4238; M,/10~*kg mol~! = 184.36532.

Errors: 8T (reproducibility)/K < 0.01; 8T(IPTS-68)/K = 001; &y = 0.0001; 8VE/10 m mol 1 < S.

REFERENCES

1.Int. DATA Ser. Ser. A, Guideline 2¢, 1979.

2.0rtega, I.; Matos, J. S; Paz Andrade, M. ; Jiménez, E. J. J. Chem.
Thermodyn. 1985, 17, 112].

3.Riddick, J. A.; Bunger, W. B. Organic Solverts, I, in Techniques of
Chemistry, Weissberger, A., Editor, Wiley-Interscience, New York, 1970,

4. Anton Paar Information Bull. No. 6, March 1982.
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SELECTED DATA ON MIXTURES
International DATA Series*

ublished by Research Center i o el The Texas A&M University System, College Station, TX 77843-3111
Components: 1. 1,5-Dichloropentane, CsHyoCly ‘Author(®): Blanco, A. M; Ortega, J. (Universidad de Las Palmas de Gran Canaria, Escuela Superior de Ingenieros
2. Pentadecane, CyHyy Industriales, Cdtedra de ingmica y Fisicoquimica, Las Palmas d Canaria, Islas Canarias,
State: y system, single-phase liquid; p both liquid Spain)
Varlables: V£, molar excess volume Editedby:  Kehiaian, H. V. (Institut de Topologje et de Dynamique des Systémes, Université Paris VII, CNRS,
x; mole fraction of component i 1, Rue Guy de la Brosse, 75005 Paris, France)
Parameters: T, temperature
Constants: P, pressure
Method:  Calculation of V from density measurements at constant T'and Pand variable x; ref. 1 SOURCE OF DATA
Blanco, A. M;; Oriega, J. (University of Las Palmas of Gran Canaria, Canary Islands, Spain); FIRST PUBLISHED
RESULTS
DIRECT EXPERIMENTAL VALUES = SMOOTHING EQUATION
Notes: P, atm. 70 [ 4
K = 29815 OBEIBK VEie =503, o =3
i i=1
) Coefls. a; n the smoothing eq, std. deviation 05 and max. deviation 8,
5 | dmort 600 | i detd. by least-squares anal.
00380 | 1186 Lt % a a“ as | % ] m
00767 | 2214 K
01394 | 3543 450 - 10%m’mol !
01802 | 4332
02610 | 5482 20815 |26587 [-203 (249 st 91
02859 | 5828 - on | |ed
03656 | 6432 1
04039 | 6611 g S 1
04602 | 6624 &
05396 | 6460 s
06323 | 6062 ] " .
07031 | 5455 S ool i “The std. deviations oa; of the coefls. a;are given in parentheses
e e & S = max [V = VE| s 0= [5(VEqe = VEYIN = 112
08785 | 2745 N, no. of direct exptl. values; n, no. of coeffs. a;
oot | 1361 All direct exptl. values equally weighted
X . v L
05 P
Poins, direct experimental ¥ E values; curves, ¥ calculated
from the smoothing equation.

AUXILIARY INFORMATION

Apparatus: Vibrating tube densimeter, (Anton Paar, Graz, Austria),
and was measured by means of a calibrated Pt resistance thermometer.

Procedure: Density, p, was caled. from period of vibration, 7: p =
degassed Hy0, p(298.15 Kykg m™>
> 99 mole %), p(298.15 K)kg m™

(M +

Materials: 1. Aldrich Chem. Co,, Inc. ( Milwaukee, WI, USA) material, of stated purity ~ 99 mole
used without further purification; p;(298.15 Kykg m=> = 1095.27; n(D, 298.15K) =

%, dried over mol.

Fluka) and used without further purification; p,(298.15 K)/kg m
Materials were degassed ultrasonically before use.

Errors:  8T(reproducibility)/K < 0.01; T(IPTS-68)K = 0.01; &x; = 0.0001; BVEN0m3mol ! < 5.

Model DMA 602/60. Temp. was controlled to within 0.01 K using a Heto thermostat

a + b2, Consts. a and b were detd. by calibrating the app. (ref. 2) with doubly distd. and
997.043 (ref. 3) and nonane (Fluka AG, Buchs, Switzerland, ’purum’, Lot No. 74252, of stated purity
13855 (ref. 4). Mixts. were prepd. by weighing, V% was caled. from VE = V= (V" + 1)V"y), where
) isthe molar voL. of the mixt and V*; = V(s; = 1) and M;are, resp, the molar vol. and the molar mass of component i

545; My/10~3kg mol~1 = 14
2 Fluka AG (Bucks, St Gallen, Switzerland) ‘purum’ grade material of stated GLC purity > 98 mole %, dried over mol.
164.80; n(D, 298.15 K) = 1.4298; My/10~ kg mol ~

REFERENCES
1.Int. DATA Ser., Ser. A, Guideline 2, 1979.
2.Ortega, J; Matos, J. S,; Paz Andrade, M. I; Jiménez, E. 1. J. Chem.
The 1985, 17, 1127.
2.Riddick, J. A; Bunger, W. B. Organic Solvents, II, in Techniques of
Chemistry, Weissberger, A., Editor, Wiley-Interscience, New York, 1970.
4. Anton Paar Information Bull. No. 6, March 1982.

eve Type 3A (from Fluka) and
1.0398.

ieve Type 3A (from
21241908
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2c. EXCESS VOLUME

Published by Research Center

‘The Texas A&M University System, College Station, TX 778433111

Components: 1. 1,5-Dichloropentane, CH,(Cly Author(s): Blanco, A. M;; Ortega, J. (Universidad de Las Palmas de Gran Canaria, Escuela Superior de Ingenieros
2. Heptadecane, CyHag Industriales, Cétedra de indmica y Fisicoquimica, Las Palmas d Canaria, Islas Canarias,
State: inary system, single-phase liquid; both liquid Spain)
Varisbles: V£, molar excess volume Editedby: Kehiaian, H. V. (Institut de Topologie et de Dynamique des Systémes, Université Paris VII, CNRS,
x; mole fraction of component i 1, Rue Guy de la Brosse, 75005 Paris, France)
Parameters: T, temperature
Constants: pressure
Method:  Calculation of VZ from density measurements at constant T and Pand variable x; ref. 1 SOURCE OF DATA
Blanco, A. M;; Ortega, J. (University of Las Palmas of Gran Canaria, Canary Islands, Spain); FIRST PUBLISHED
RESULTS
DIRECT EXPERIMENTAL VALUES ; SMOOTHING EQUATION
Notes: P, atm. n
TK = 29815 00 02815k | VEie =153, ag -y~
i=1
VEno® Cosft 4n the amoolig ot 4, deviation g and max deviation 8,,,
1 | mimol! detd. by least-squares anal.
01084 | 3167 e T a a a ay as | % I O
01918 | 5060
b/
02611 | 6146 L 10%m*mol !
03371 | 7101
03617 | 134 20815 (30936 |-151 |133 38 |93
04535 | 7654 - 400 B [CORN (CORN [€2]
05349 | 7668 5
05664 | 7532 &
05998 | 7359 &
06481 | 7073 @
06866 | 6574 2 200l - e —
07246 | 608.7 = ‘The std. deviations oa; o the coefls.  are given in parentheses
07746 | 5321 S 8y = max |VE oy = VE|; 03 = [3(VE e ~ VEUN = m)2
8 | 4314
gg;s 3125 N, no. of direct exptl. values; n, no. of coeffs.a;
Gois | a8is o ) Al direct exptl. values equally weighted
05 X
Points, direct experimental ¥ £ values; curves, V5, calculated
from the smoothing equation.

AUXILIARY INFORMATION

Apparatus: Vibrating tube densimeter, (Anton Paar, Graz, Austria), Model DMA 602/60. Temp. was controlled to within 0.01 K using a Heto thermostat
and was measured by means of a calibrated Pt resistance thermometer.

Procedure: Density, p, was caled. from period of vibration, 7: p = a + btZ, Consts. a and b were detd. by calibrating the app. (ref. 2) with doubly distd. and

degassed H,0, p(298.15 K)/kg m = 997.043 (ref. 3) and nonane (Fluka AG, Buchs, Switzerland, "purum’, Lot No. 74252, of stated purity

> 99 mole %), p(298.15 K)/kg m> = 713.855 (ref. 4). Mixts. were prepd. by weighing, V% was calcd. from VE = V/ — (5" + x,/"), where

V= (x,M; + £;My)p is the molar vol. of the mixt. and V"; = V{x; = 1) and M; re, resp.,the molar vol. and the molar mass of component i

1. Aldrich Chem. Co, Inc. ( Milwaukee, WI, USA) material, of stated purity ~ 99 mole %, dried over mol. sieve Type 3A (from Fluka) and

used without further purification; py(298.15 K)/kg m=3 = 1095.27; n(D, 298.15 K) = 1.4545; My/10~ kg mol =1 = 141.0398.

2 Fluka AG (Buchs, St. Gallen, Switzerland) ‘purum’ grade material of stated GLC purity ~ 99 mole %, dried over mol. sieve Type 3A (from

Fluka) and used without further purification; p(298.15 K)/kg m=3 = 774.33; n(D, 298.15 K) = 1.4347; My/10~kg mol =1 = 240.47284.

Materials were degassed ultrasonically before use.

8T(reproducibility)/K < 0.01; ST(IPTS-68)/K = 0.01; dx; = 0.0001; 6VE/10°m’mol! < 5.

Errors:

REFERENCES

L.Int. DATA Ser, Ser. A, Guideline 2, 1979.

2.0rtega, J; Matos, 1. S.; Paz Andrade, M. L; Jiménez, E. J. J. Chem.
Thermodyn. 1985, 17,1121.

3.Riddick, J. A; Bunger, W. B. Organic Solvens, Il in Techniques of
Chemistry, Weissberger, A., Editor, Wiley-Interscience, New York, 1970,

4.Anton Paar Information Bull. No. 6, March 1982.
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SELECTED DATA ON MIXTURES
International DATA Series*
2¢. EXCESS VOLUME

ublished by Th Center ‘The Texus A&M University System, College Station, TX 778433111
2
2[ Components: 1. 1,6-Dichlorohexane, CgHly;Cly “Author(s): Blanco. A. M.; Ortega, J. (Universidad e Las Palmas e Gran Canaria, Escuela Superior de Ingenieros
3 2. Pentane, CgHy, Industriales, Ctedra de ingmica y Fisicoquimica, Las Palmas de ria, Ishs Canarias,
g| sute Birary system, single-phase liquid; pure componens, both liquid Spain)
$| Variables:  VE molar excess volume Editedby:  Kehiaian, H. V. (Institut de Topologie et de Dynsmique des Systémes, Université Paris VII. CNRS.
2 pologi
x; mole fraction of component i 1, Rue Guy e la Brosse, 75005 Paris, France)
Parameters: T, emperature
E Constants: P, pressure
&| Method:  Caleulation of V¥ from density t constant T'and P el 1 'SOURCE OF DATA
8 Blanco, A M ; Oriega, J. (University of Las Palmas of Gran Canaria, Canary Islands, Spain); FIRST PUBLISHED
RESULTS
DIRECT EXPERIMENTAL VALUES [ T SMOOTHING EQUATION
Notes: P, atm. i
" i-1
T 029815K v =515, o - '
VEnos Coefls. a;in the smooting eq., std. deviation 0 and max.deviation 3,
X m3mol-1 —400 - detd. by least-squares znal.
00906 | -599.3 ay I a ay l ay a5 P | B
0.1845 | —997.5
02419 | =1189.9 & 10°m*mol !
03171 | -13810 -800 | i
03019 | -1496.6 215 |-6126 601|440  [920  [-800 |71 10
05044 | -1523.4 - a6 |2 |a70) |(50) |(310)
05502 | =1500.9 b
05073 | -1439.8 &
06300 | -1381.4 B
06826 |-12562] S 5
07358 |-11087] e ” _
0r77a | -9755 = The s1d. deviations oa; of the cocffs. a; are given in parentheses
08254 | =777 S 8y, = max |VE gy, = VE|; 0y = [V g = VEYIN - 12
09079 | -4347
o N, no. of direct expil valtes; n, no. of coeis. 4;
1 All direct exptl. values equally weighted
05 %
Points, dicest experimentl ' E values; curves, ¥ £y calculated
from the smoothing equation.
LIARY REFERENCES
@ Apparatus: Vibrating tube densimeter, (Anton Paar, Graz, Austria), Model DMA 602/60 Temp. was controlled 1 within 0.01 K using a Heto thermostat | Lbni DAT:A Ser, S 4, Ouidelne 2 1993
g and vas measured by means of a calibrated Pt resistance thermometer. 2.0rtega, J.; Matos, J. S Paz Andrade, M. L; Jiménez, E. 1./ Chem.
5| Procedurss Densit, p, wascaed. rom period of vibrtion, . = a + be%. Carsis a and b vere deld. by calibrating the app. (rf, 2) vith doubly distd. and Thermodym. 1985, 17, 1121.
g degassed H,0, p(298.15 K)/kg m™® = 997043 (ref. 3) and nonane (Fluka AG, Buchs, Swizerland, "purum’, Lot No. 74252, of stated purity 3.Riddick, J. A.; Bunger, W. B. Organic Solvents, II,in Technigues of
g > 99 mole %), p(298.15 Ky/kg m = 713855 (ref. 4). Mixs. were prepd. by veighing. V¥ was calcd. from V¥ = V- (111" +5"), where Chemistry, Weissberger, A., Editor, Wiley-Interscience, New York, 1970.
% V= (eyM; + My)lp is the molar voL. of the mixt. and V*; = V(x; = 1) and M;are, resp, the molar vol. and the molar mass of component i. 4. Anton Paar Information Bull. No. 6, March 1982.
£ | Materals: 1. Alérch Chen. Co, Inc. Milwaukee, W1, USA) material, of staicd puty ~ 99 mole %, dricd over mol.siye Type 3A (from Fluka) and
= wsed without further purification; p;(298.15 K)kg m~> = 1064.65;r(D, 298.15 K) = 1.4555; My/10*kg mol ~! = 155.06668.
El 2 Fluka AG (Buchs, St. Gallen, Switzerlznd) ‘puriss’ grade material of stated GLC purity > 99.5 mole %, dricd over mol. sieve Type 3A (from
g Fluka) and used without further purification; £,(298.15 K)/kg m=3 = 621.31;n(D, 298.15K) = 1.3547; M/10~ kg mol~1 = 1215028.
s Materials were degassed ultrasonically before use.
E; Errors: 8T (reproducibility)/K < 0.01; ST(IPTS-68)/K = 0.01; dx) = 0.0001; 8VE/10m*mol* < 5.

162-561 (€) 2 ‘€661 p* S ‘swnray o1 128 P8 VIV 1

Received: March 15, 1993

£ N cti

*Ser. A. T ic P

Published: July 31,1993

Binary Systems of Organic Substances



0ZTSITT-EOE6/E6/E0S T-LY 1O

191000 QoIEasaY SONIRUAPOWIS L £6610

SELECTED DATA ON MIXTURES
International DATA Series*
2. EXCESS VOLUME

Published by Research Center ‘The Texas A&M University System, College Station, TX 778433111
Components: 1. 1,6-Dichlorohexane, CHy;Cly Author(s): Blanco, A. M.; Ortega, J. (Universidad de Las Palmas d Canaria, Escuel de Ingenieros
2. Heptane, C;Hy Industriales, Catedra de indmica y Fisicoquimica, Las Palmas d Canaria, Islas Canarias,
State: , single-phase liquid; p , both liquid Spain)
Varlables: VE molar excess volume Editedby:  Kehiaian, H. V. (Institut de Topologie et de Dynamique des Systémes, Université Paris VII, CNRS,
x; mole fraction of component i 1, Rue Guy de la Brosse, 75005 Paris, France)
Parameters: T, temperature
Constants: P, pressure
Method:  Calculation of V from densit tconstant T and Pand variable x; ref. 1 SOURCE OF DATA
Blanco, A. M;; Ortega, J. (University of Las Palmas of Gran Canaria, Canary Islands, Spain); FIRST PUBLISHED
RESULTS
DIRECT EXPERIMENTAL VALUES 0 : SMOOTHING EQUATION
Notes: P, atm. 3
TK = 29815 OZBISK Ve :‘1"2?4"’KX1 -yt
VEno® Coeffs. ; in the smoothing eq., std. deviation 5 and max. deviation 3,,
% | e detd. by least-squares anal.
—150 | |
00377 | 412 ay a a ay as o | O
01264 | -1118 K
02242 |-2322 10°m3mol
02835 | -2958
03213 |-3203 29815 |-1711.8[-583 [248 60 14
0. ~355.5 - 300 L = ©on |@ |63
04137 (3881 5
04406 | -4022 g
04861 | -4165 &
05788 | -438.7 @
05905 | -444.8 ] . I
06452 | -4208 Q@ -450 ‘The std. deviations oa; of the coefls. a; are given in parentheses
ol g > = max Ve = VE| 5 0= (50 = VERUN = )12
8;3? _;ﬁ? N, no. of direct exptl. values; 7, no. of coeffs. a;
0850 | 2006 Al direct exptl. values equally weighted
09526 | 938 i3 =
Points, dicect experimental V' values; curves, V£ calculated
from the smoothing equaion.
AUXILIARY INFORMATION REFERENCES
Apparatus: Vibrating tube densimeter, (Anton Paar, Graz, Austria), Model DMA 602/60. Temp. was controlled to within 0.01 K using a Heto thermostat L.Int. DATA Ser, Ser. A, Guideline 2c, 1979,
ind was measured by means of a calibrated Pt mislanu thermometer. 2.0rtega, J; Matos, J. S ; Paz Andrade, M. L; Jiménez, E. J. J. Chem.
Procedure: Density, p, was caled. from period of vibration, 7:p = Consts. a and b were detd. by calibrating the app. (ref. 2) with doubly distd. and Thermodyn. 1985, 17,1127,
degassed HyO, p(298.15 Kykg m> = 997.043 (ref. 3) md nonane (Fluka AG, Buchs, Switzerland, ’purum’, Lot No. 74252, of stated purity 3.Riddick, J. A; Bunger, W. B. Organic Solvents, I, in Techniques of
> 99 mole %), p(298.15 K)/kg m3 = 713.855 (ref. 4). Mixts. were prepd. by weighing. VE was caled. from VE = V' — (¢} + 5,/"), where Chemistry, Weissberger, A., Editor, Wiley-Interscience, New York, 1970,
= (xM; +x,My)lp s the molar vol. of the mixt. and V"; = V(z; = 1) and M; e, resp., the molar vol. and the molar mass of component . 4.Anton Paar Information Bull. No. 6, March 1982,
Materials: 1 Aldrich Chem. Co,, Inc.  Milwaukee, WI, USA) material, of stated purity ~ 99 mole %, dried over mol. sieve Type 3A (from Fluka) and
used without further purification; p;(298.15 Kykg m=3 = 1064.65; n(D, 298.15 K) = 1.4555; M;/10~ kg mol~1 = 155.06668.
2 Fluka AG (Buchs, St. Gallen, Switzerland) ‘puriss’ grade material of stated GLC purity > 9.5 mole %, dried over mol. sieve Type 3A ((rom
Fluka) and used without further purification; ,zz(zsx 15 Kykg m™3 = 679.46; n(D, 298.15 K) = 1.3851; M/10~3kg mol = = 100.20404,
Materials were degassed ultrasonically before
Errorss  8T(reproducibility)/K < 0.01; dT(ll’(S-68)IK u 01; &y = 0.0001; 8VE/10°m’mol ! < 5.
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SELECTED DATA ON MIXTURES
International DATA Series*
2¢. EXCESS VOLUME

Published by Th Research Center ‘The Texas A&M University System, College Station, TX 77843-311
Components: 1. 1,6-Dichlorohexane, C¢Hy,Cly Author(s): Blanco, A. M.; Ortega, J. (Universidad de Las Palmas de Gran Canaria, Escuela Superior de Ingenieros
2. Nonane, oy Industriales, Cétedra de Termodingmica y Fisicoquimica, Las Palmas de Gran Canaria, Islas Canarias,
State: inary , single-phase liquid; both liquid Spain)
Variables: V£, molar excess volume Editedby:  Kehiaian, H. V. (Institut de Topologie et de Dynamique des Systémes, Université Paris VII, CNRS,
x; mole fraction of component i 1, Rue Guy de la Brosse, 75005 Paris, France)
Parameters: 7, temperature
Constants: P, pressure.
Method:  Calculation of V from density measurements at constant T'and Pand variable x; ref. 1 SOURCE OF DATA
Blanco, A. M.; Ortega, J. (University of Las Palmas of Gran Canaria, Canary Islands, Spain); FIRST PUBLISHED
RESULTS
DIRECT VALUES ; SMOOTHING EQUATION
Notes: P, atm. % b
lii E i-1
R o 029815K VE. = x|x2§‘a,(xx -
VEnes Coefls. a;in the smoothing eq., std. deviation o5 and max deviation 8,,
x ot detd. by least-squares anal.
mmol
40| Kl
00456 | 231 L} 2 a3 % | O
00939 | 465 K
01582 | 665
02372 | 701
03605 | 444 0 29815 |-27 [-689 |74 4 |16
0.4088 206 - a2 jan (@5
04491 89 3
04933 | =77 &
05477 | =202 %
06026 | 408 o o
06515 | -492 2 - W.n
06383 | 564 = The std. deviations oa; of the coefls. a; re given in parentheses
el | e 5 e O = max | Ve = VE 5 04 = [2(VEcye = VEVIN = m]12
g:gg _zz:g _80 N, no. of direct exptl. values; n, no. of coefls.a;
vor2s | 4o ) All direct exptl. values equally weighted
05 5
Points, direct experimental ¥ values; curves, V£, caleulated
from the smoothing equation.
AUXILIARY INFORMATION REFERENCES
Apparatus: Vibrating tube densimeter, (Anton Paar, Graz, Austria), Model DMA 602/60. Temp. was controlled to within 0.01 K using a Heto thermostat L.Int. DATA Ser, Ser. A, Guideline 2c, 1979.
and was measured by means of a calibrated Pt resistance thermometer. 2.0rtega, J; Matos, . S.; Paz Andrade, M. L; Jiménez, E. J. J. Chem.
Procedure: Density, p, was caled. from period of vibration, 7: p = a + br2. Consts. a and b were detd. by calibrating the app. (ref. 2) with doubly distd. and The 1985, 17, 1127.
degassed H,0, p(298.15 K)/kg m™3 = 997.043 (ref. 3) and nonane (Fluka AG, Buchs, Switzerland, 'purum’, Lot No. 74252, of stated purity 3.Riddick, J. A; Bunger, W. B. Organic Solvents, II, in Techniques of
>99 mole %), p(298.15 K)kg m = 713855 (ref. 4). Mixts. were prtpd by weighing. VE was caled. from VE = V = (5,/"y + "), where Chemistry, Weissberger, A., Editor, Wiley-Interscience, New York, 1970,
1 +2)My)Jpis the molar vol. of the mixt. and V*; = V(z; M;are, resp., the molar vol. and the molar mass of component i. 4.Anton Paar Information Bull. No. 6, March 1982.
Materlals: 1. Aldm-_h Chem. Co, Inc. ( Milwaukee, WI, USA) nnlenal of stated pnmy 99 mole %, dried over mol. sieve Type 3A (from Fluka) and
used without further purification; ,(298.15 K)kg m™ 65 (D, 298.15 K) = 1.4555; M;/10~3kg mol =1 = 155.06668.
2. Fluka AG (Buchs, St. Gallen, Switzerland) ‘purum’ y:de material of stated GLC purity > 99 mole %, dried over mol.sieve Type 3A (from
Fluka) and used without further purification; p(298.15 K)/kg m™3 = 713.85; n(D, 298.15 K) = 14033; My10-3kg mol~1 = 1282575,
Materials were degassed ultrasonically before use.
Brrors:  8T(reproducibility)K < 0.01; T(IPTS-68)/K = 0.01; &, = 0.0001; VE/10%m mol! < 5.
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Published by Th Research Center 2e EXCESSYOLUME ‘The Texas A&M University System, College Station, TX 77843-3111
Components: 1. 1,6-Dichlorohexane, CgHy,Cly Author(s): Blanco, A. M; Ortega, J. (Universidad de Las Palmas de Gran Canaria, Escuela Superior de Ingenieros
2. Undecane, Cyttyy Industriales, Cdtedra de Termodingmicay Fisicoquimica, Las Palmas de Gran Canaria, Islas Canarias,
State: le-phase liquid; p both liquid Spain)
Variables:  VZ, molar excess volume Editedby: Kehiaian, H. V. (Institut de Topologe et de Dynamique des Systémes, Université Paris VII, CNRS,
%, mole fraction of component 1, Rue Guy de la Brosse, 75005 Paris, France)
Parameters: T, temperature.
Constants: P, pressure
Method:  Calculation of V from density measurements at constant 7 and P and variable x; ref. 1 SOURCE OF DATA
Blanco, A. M.; Ortega, J. (University of Las Palmas of Gran Canaria, Canary Islands, Spain); FIRST PUBLISHED
RESULTS
DIRECT EXPERIMENTAL VALUES . SMOOTHING EQUATION
Notes: P, atm. 4
B, i-1
TR=0%15 029815K VEie =203, afr 2"
Vo9 20 q Coefls. ; in the smoothing q., std. deviation 0,4 and max. deviation &,,,
# | dmart detd. by least-squares anal.
00541 | 743 a a a3 ay ag a9 l O
01240 | 1507 180 | 4 %
02207 | 2250 10%m*mol!
02771 | 2480
03182 | 2505 29815 (9071 [-650 |57 35 |59
03496 | 2525 - 8 (13 |30
04107 | 2434 Lo 4
04531 | 2365 g
04884 | 2322 “&
05546 | 2066 9
05838 | 1931 e ooy T
06498 | 1630 S o 4 ‘The std. deviations oa; of the coefls. a; are given in parentheses
e | e = O = max Ve, = VE| ; 0= [B(VEqy, = VEVIN = m]12
08509 | 580 N, no. of direct exptl. values; n, no. of coefls. a;
09752 56 All direct exptl. values equally weighted
i 4 0 L
(5 5
Points, direct experimental V' E values; curves, ¥, calculated
from the smoothing equation.
AUXILIARY INFORMATION REFERENCES
Apparatus: Vibrating tube densimeter, (Anton Paar, Graz, Austria), Model DMA 602/60. Temp. was controlled to within 0.01 K using a Heto thermostat L. Int. DATA Ser, Ser. A, Guideline 2¢, 1979.
and was measured by means of a calibrated Pt resistance thermometer. 2.Ortega, I.; Matos, I S.; Paz Andrade, M. L; Jiménez, E. J. J. Chem.
Procedure: Density, p, was caled. from period of vibration, 7: p = a + brZ. Consts. a and b were detd. by calibrating the app. (ref. 2) with doubly distd. and ermodym. 1985, 17, 1121
degassed H,0, p(298.15 Kykg m? = 997,043 (nr 3) and nonane (Fluka AG, Buchs, Switzerland, "purum’, Lot No. 74252, of stated purity 3.Riddick, J. A; Bunger, W. B. Organic Solvens, I in Techniques of
>99 mole %), p(298.15 K)/kg m3 = 713,855 (ref. 4). Mixts. were prepd. by weighing. VE was calcd. from VE_v_ (V" + x5,V ), where Chemistry, Weissberger, A., Editor, Wiley-Interscience, New York, 1970.
V= (M, + x,M)]p is the molar vol. of the mixt. and V*; = V(x; = 1) and M; are, resp., the molar vol. and the molar mass of component i. 4.Anton Paar Information Bull. No. 6, March 1982.
Materlals: 1. Aldnch Chem. Co, Inc. ( Milwaukee, WI, USA) matertal, of tated purity ~ 99 mole %, dried over mol. sicve Type 3A (from Fluka) and
used without further purification; p;(298.15 K)/kg m=> = 1064.65; n(D, 298.15 K) = 1.4555; M/10~kg mol = = 155.06668.
2. Fluka AG (Buchs, St. Gallen, Switzerland) 'purum’ grade material of stated GLC purity > 97 mole %, dried over mol. sieve Type 3A (from
Fluka) and used without further purification; p; 2(298 15 Kykg m=3 = 736.80; n(D, 298.15 K) = 1.4154; M10~3kg mol =" = 156.31156.
Materials were degassed ultrasonically before u:
Errors:  8T(reproducibility)/K < 0.01; 8T(IPTS-68)/K = 0.01: &x, = 0.0001; 0VE/10%m’mol ! < 5.
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Published by Thermodynamics Research Center IEXCESYOLUME ‘The Texas A&M University System, College Station, TX 77843-3111
Components: 1. 1,6-Dichlorohexane, CgH,,Cl, Author(s): Blanco, A. M;; Ortega, J. (Universidad de Las Palmas de Gran Canaria, Escuela Superior de Ingenieros
2. Tridecane, CyHzg Industriales, Ctedra de Termodinémica y Fisicoquimica, Las Palmas de Gran Canaria, Islas Canarias,
State: Binary system, single-phase liquid; pure components, both Spain)
Variables: V£, molar excess volume Editedby:  Kehiaian, H. V. (Institut de Topologie et de Dynamique des Systémes, Université Paris VII, CNRS,
x; mole fraction of component i 1, Rue Guy de Ia Brosse, 75005 Paris, France)
Parameters: 7, temperature
Constants: P, pressure.
Method:  Calculation of V from densi t constant T and Pand xjref. 1 SOURCE OF DATA
Blanco, A. M;; Ortega, J. (University of Las Palmas of Gran Canaria, Canary Islands, Spain); FIRST PUBLISHED
RESULTS
DIRECT E) VALUES . SMOOTHING EQUATION
Notes: P, atm. ”
T 0P8ISK Ve et -’
] 400 | - Coefi. a;in the smoothing eq., std. deviation o4 and max.deviation d,,
H || detd. by least-squares anal,
00611 | 1391 ay I a ay ay as | o (
01205 | 2266 300 | ; K
01913 | 3128 10mmol !
02339 | 3468
02010 | 3732 29815 (15837 |-456 [258  [-208 38 [12
03532 | 3946 - 69 | |6y |69
04028 | 4122 o200 L -
04290 | 4089 g
05001 | 3952 B
05272 | 3840 e
05802 | 3705 e L son
05925 | 3663 o 1o} 4 ‘The std. deviations oa; of the coefls. a; are given in parentheses
b |2 e O = max | Ve, = VE| 5 0= [B(VEgy, = VEYUN = m]12
oms | 22 N, no. of direct expl. values;, no. of coeff. a;
08431 | 1770 " : Al direct expi. values equally weighted
08985 | 1167 05 )
09534 | 563
Points,direct experimental ¥ E values; curves, ¥ E, calculated.
from the smoothing equation.
AUXILIARY INFORMATION REFERENCES
Apparatus: Vibrating tube densimeter, (Anton Paar, Graz, Austria), Model DMA 602/60. Temp. was controlled to within 0.01 K using a Heto thermostat L Int. DATA Ser, Ser. A, Guideline 2¢, 1979,
ind was measured by means of a calibrated Pt resistance thermometer. 2.Ortega, J; Matos, J. S; Paz Andrade, M. L; Jiménez, E. 1. J. Chem.
Procedure: Density, p, was caled. from period of vibration, 7: p = a + brZ Consts. a and b were detd. by calibrating the app. (ref. 2) with doubly distd. and The 1985, 17,1127,
degassed H,0, p(298.15 K)/kg m™ = 997.043 (ref. 3) and nonane (Fluka AG, Buchs, Switzerland, ‘purum’, Lot No. 74252, of stated purity 3.Riddick, J. A.; Bunger, W. B. Organic Solvents, II, in Techniques of
> 99 mole %), p(298.15 K)/kg m® = 713.855 (ref. 4). Mixt. were prepd. by weighing, VE was calcd. from VE = ¥ — (11" + x,0"), where Chemistry, Weissberger, A., Editor, Wiley-Interscience, New York, 1970.
V= (5yM; + My))pis the molar vol. of the mixt and V*; = ¥(x; = 1) and M;are, resp., the molar vol. and the molar mass of component . 4. Anton Paar Information Bull No. 6, March 1982,
Materlals: 1. Aldrich Chem. Co. Inc. ( Milwaukee, WI, USA) material, of stated purity ~ 99 mole %, dried over mol. sieve Type 3A (from Fluka) and
used without further purification; p(298.15 K)/kg m=3 = 1064.65; n(D, 298.15 K) = 1.4555; M/10~3kg mol~1 = 155.06668.
2. Fluka AG (Buchs, St. Gallen, Switzerland) ‘puriss’ grade material of stated GLC purity > 99.5 mole %, dried over mol. sieve Type 3A (from
Fluka) and used without further purification; p(298.15 K)/kg m=3 = 752.79; n(D), 298.15 K) = 1.4238; My/10~3kg mol~! = 184.36532.
Materials were degassed ultrasonically before use.
Errors:  dT{(reproducibility)/K < 0.01; T(IPTS-68)/K = 0.01; &x; = 0.0001; 3VE/10-m3mol ! < 5.
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2. EXCESS VOLUME

ublished by Th Research Center ‘The Texas A&M University System, College Station, TX 778433111
Components: 1. 1,6-Dichlorohexane, CgHy;Cly Author(e): Blanco, A M.; Ortega, J. (Universidad de Las Palmas de Gran Canaria, Escuela Superior de Ingenieros
2 Pentadecane, CysHyy Industriales, Cétedra de Termodinsmica y Fisicoquimica, Las Palmas de Gran Canaria, Islas Canarias,
State: gle-phase liquid; both liquid Spain
Variables: VE molar excess volume Edited by:  Kehiaian, H. V. (Institut de Topologie et de Dynamique des Systémes, Université Paris VII, CNRS,
x; mole fraction of component i 1, Rue Guy de la Brosse, 75005 Paris, France)
Parameters: 7, temperature
Constants: P, pressure
Method:  Calculation of V£ fi ity constant T and i ref. 1 SOURCE OF DATA|
Blanco, A. M;; Ortega, J. (University of Las Palmas of Gran Canaria, Canary Islands, Spain); FIRST PUBLISHED
RESULTS
DIRECT EXPERIMENTAL VALUES . SMOOTHING EQUATION
Notes: P, atm. s B
TK = 298.15 029815K vE. =zlx1i21a‘(x —xyit
VEnos Coeffs. ; in the smoothing eq, std. deviation 0, and max. deviation 3,,
5|t detd. by least-squares anal.
4s0 | =
00723 | 1721 a a ay ay as
01625 | 3256 K
0.1892 | 3616 10°m’mott
02785 | 4576
03133 | 4728 20815 |20767 |-349 [176 39 |23
03859 | s144 i AL B 62) |19 |32
04316 | 521.3 5
04668 | 5237 g
05207 | 5157 &
05646 | 5066 @
05991 | 4803 e 1ol 1l - e
oeats | 4601 S ‘The std. deviations aa; of the coefls. a; are given in parentheses
07068 | 4056 B =max [VE . = VE| 5 0y = [E(VEy, = VEYH(N = m] 2
3;;2; ;,l,f N, no. of direct exptl. values; n, no. of coefls. a;
0.8795 2045 é i All direct exptl. values equally weighted
[5 %
Points, direct experimental V' values; curves, ¥, calculated
from the smoothing equation.
AUXILIARY INFORMATION m:rmmcm
Apparatus: Vibrating tube densimeter, (Anton Paar, Graz, Austria), Model DMA 602/60. Temp. was controlled to within 0.01 K usinga Heto thermostat 1.Int. DATA Ser, Ser. A, Guideline 2c, 1
and was measured by means of a calibrated Pt resistance thermometer. 2.Ortega, J.; Matos, J. S; Paz Andrade, M l Jiménez, E. J. J. Chem.
Procedure: Density, p, was calcd. from period of vibration, z: p = a + brZ. Consts. a and b were detd. by calibrating the app. (ref. 2) with doubly distd. and iermodyn. 1985, 17, 112].
degassed Hy0, p(298.15 K)/kg m™> = 997.043 (ref. 3) and nonane (Fluka AG, Buchs, Switzerland, ’purum’, Lot No. 74252, of stated purity 3.Riddick, J. A.; Bunger, W. B. Organic Solvents, II, in Techniques of
> 99 mole %), p(298.15 K)/kg m™3 = 713.855 (ref. 4). Mixts. were prepd. by weighing. V% was calcd. from VE_v_ 5V + 1,V"5), where Chemistry, Weissberger, A., Editor, Wiley-Interscience, New York, 1970.
= (xM; + %My)lp s the molar vol. of the mixt. and V", = (z; = 1) and M; are, resp., the molar vol. and the molar mass of component . 4. Anton Paar Information Bull. No. 6, March 1982.
Materials: 1 Aldrich Chem. Co, Inc. ( Milwaukee, WI, USA) material, of stated purity ~ 99 mole %, dried over moL. sicve Type 3A (from Fluka) and
used without further purification; p;(298.15 Kykg m=3 = 1064.65; n(D, 298.15 K) = 14555; My/10~%g mol~1 = 155, 06668
2 Fluka AG (Buchs, St Gallen, Switzerland) 'purum’ grade material of stated GLC purity > 98 mole %, dried over mol. sieve Type 3A (from
Fluka) and used without further purification; p,(298.15 K)/kg m™=> = 764.80; n(D, 298.15 K) = 1.4298; M,/10~*kg mol =1 = 212.41908.
Materials were degassed ultrasonically before use.
Errors:  8T(reproducibility)/K < 0.01; ST(IPTS-68)/K = 0.01; &¥; = 0.0001; 8VEN10%m’mol ! < 5.

Received: March 15, 1993

*Ser. A Th Properties of N

Published: July 31,1993

g Binary Systems of Organic Substances

1€2°561 (€)1Z ‘€661 I a5 ‘saunpajy v 19§ “2S VIVA ™



0T TSIET E0E6/E6/E0S1-LETO

391030 YorwosaY SOTURTAPOWINL €610

SELECTED DATA ON MIXTURES
International DATA Series*
2c. EXCESS VOLUME

Apparatus: Vibrating tube densimeter, (Anton Paar, Graz, Austria), Model DMA 602/60. Temp. was controlled to within 0.01 K usinga Heto thermostat
and was measured by means of a calibrated Pt resistance thermometer.
Procedure: Density, p, was caled. from period of vibration, 7:p = a + brZ Consts. a and b were detd. by calibrating the app. (ref. 2) with doubly distd. and
degassed Hy0, p(298.15 K)/kg m> = 997.043 (ref. 3) and nonane (Fluka AG, Buchs, Switzerland, ‘purum’, Lot No. 74252, of stated purity
> 99 mole %), p(298.15 Kykg m™3 = 713:855 (ref. 4). Mixts. were prepd. by weighing, V% was calcd. from VE = V — (x,V" + 5, ), where
V= (x,M; + £;My)pis the molar vol. of the mixt. and V", = ¥(x; = 1) and M;are, resp., the molar vol. and the molar mass of component i
Materials: 1. Aldrich Chem. Co,, Inc. ( Milwaukee, W1, USA) material, of stated purity ~ 99 mole %, dried over mol. sieve Type 3A (from Fluka) and
used without further purification; p;(298.15 Kykg m=3 = 1064.65; n(D, 298.15 K) = 1.4555; M;/10~3kg mol =1 = 155.06668.
2 Fluka AG (Buchs, St. Gallen, Switzerland) 'purum’ grade material of stated GLC purity ~ 99 mole %, dried over mol. sieve Type 3A (from
Fluka) and used without further purification; p,(298.15 K)kg m~3 = 774.33; n(D, 298.15 K) = 1.4347; My/10~3kg mol~1 = 240.47284.
Materials were degassed ultrasonically before use.
T (reproducibility)/K < 0.01; ST(IPTS-68)/K = 0.01; dxy

Errors:

.0001; 8VEN0 m’mol ! < 5.

Published by Th Research Center ‘The Texas A&M University System, College Station, TX 77843-3111
Components: 1. 1,6-Dichlorohexane, CH,,Cly Blanco, A. M.; Ortega, J. (Universidad de Las Palmas de Gran Canaria, Escuela Superior de Ingenieros
2. Heptadecane, CysHyg Industriales, Citedra de Termodindmica y Fisicoquimica, Las Palmas de Gran Canaria, Islas Canarias,
State: inary system, single-phase liquid; p both liquid Spain)
Variables: V£, molar excess volume Editedby:  Kehiaian, H. V. (Institut de Topologie et de Dynamique des Systémes, Université Paris VI, CNRS,
x; mole fraction of component i 1, Rue Guy de la Brosse, 75005 Paris, France)
Parameters: T, temperature
Constants: P, pressure
Method:  Calculation of VZ from density measurements at constant Tand Pand variable x; ref. 1 SOURCE OF DATA|
Blanco, A. M;; Ortega, J. (University of Las Palmas of Gran Canaria, Canary Islands, Spain); FIRST PUBLISHED
RESULTS
DIRECT EXPERIMENTAL VALUES 750 — - T SMOOTHING EQUATION
Notes: P, atm. »
29815K VE, = gyt
T o e Xﬁzglam B
Ene 600 Coefls. a;in the smoothing eq., std. deviation 0,5 and max. deviation d,,
% | adaeit r T detd. by least-squares anal.
00766 | 2260 o o a o as ‘ % I L
01769 | 4025 b
02177 | 4660 A% il " 10°m3mol
02804 | 5376
03410 | s8a.1 29815 (25399 [-102 [ea 317 [so0  [a0 |71
0399 | 6139 - 76 (@) |@H |9 (150
04485 | 6339 LS a0l =
05039 | 6332 &
05504 | 6259 B
05813 | 6163 =
06269 | 5818 ] e .
6505 | Se69 S sl i ‘The std. deviations oa; of the coefls. a; are given in parentheses
06966 | 5310 E By = max |V = VE| 5 0= [E(VEqye = VN = )12
0 §
G Zﬁz g:; N, no.of direct exptl. values; , no. of coeffs. a;
08052 | 2422 " . Al direct exptl. values equally weighted
09382 | 1462 05 =
Poinis, dicect experimental V'E values; curves, ¥ £, calculated
the smoothing equation.
AUXILIARY INFORMATION REFERENCES

L Int. DATA Ser., Ser. A, Guideline 2¢, 1979.

2.0rtega, J.; Matos, 1. S.; Paz Andrade, M. L; Jiménez, E. J. J. Chem.
Thermodym. 1985, 17, 1121.

3.Riddick, J. A.; Bunger, W. B. Organic Solvens, Il in Techniques of
Chemistry, Weissberger, A., Editor, Wiley-Interscience, New York, 1970,

4. Anton Paar Information Bull. No. 6, March 1982,
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