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Excess molar volumes F! of the mixtures diglyme (2.5.8-trioxanonane; TON),
trigiyme (2.5.8.11-letraoxadodecane; TODD), or tetraglyme {2.58.11,14-pen-
taoxapentadecane; POPD: E181) +n-nonane have been obtained [rom density
measurements at 278.15, 288.15. 298.15. and 308.15 K. In addition. a micro DSC
IT differential scanning calorimeter was used to obtain excess molar heat
capacities C;," at constant pressure for the same mixtures except for TON +
n-nonane and at the same temperatures except for 278.15 K. These results
allowed us 1o calculate the following mixing quantities in the complete range of
concentration: . (8F},/@T),. and (3H"/@p), at 298.15 K. The excess molar
volumes are positive with large maximum values located in the central concen-
tration range with the exception of POPD +n-nonane at 278.15 K. which has
a central miscibility gap. For these mixtures, C:,’ has a W-shaped concentration

dependence: two minima separated by a maximum.

KEY WORDS: density; excess properties: molar heat capacity: nonane: 2.5.8.
1 1.14-pentaoxapentadecane; 2.5.8.11-tetraoxadodecune: 2.5.8-trioxanonane.

1. INTRODUCTION

In previous works [ 1-3], we have studied the volumetric behavior of some
mixtures CH,O(CH,CH,O),CH, (v=1,2,3,4) (polyoxyetheneglycol
dimethyl ethers; also called glymes) +alkane (heptane or cyclohexane).
The aim of the present work is to study the effect of the systematic varia-
tion of the chain lengths of both components on the excess thermodynamic
' Departamento de Fisica Aplicada. Universidad de Vigo, Facultad de Ciencias del Campus
de Orense, 32004 Orense, Spain.
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properties as well as their temperature dependence. We also investigate the
behavior of the excess molar heat capacities C} around the upper critical
solution temperature (UCST). As a first step, we have measured the
densities for diglyme (2,5,8-trioxanonane, TON), triglyme (2,5,8,11-tetra-
oxadodecane; TODD), or tetraglyme (2,5,8,11,14-pentaoxapentadecane,
POPD) + n-nonane at 278.15, 288.15, 298.15, and 308.15 K. We also report
molar isobaric heat capacities C, for TODD or POPD +n-nonane at
288.15, 298.15, and 308.15 K. These results have allowed us to calculate
excess molar volumes VE CE, and the following values at 298.15 K:

m> =~ p> A
thermal expansivity «, (9VE/0T) , and (0H%/dp),; these quantities are

" 1A

related to randomness or nonrandomness in oxaalkane-alkane mixtures.

2. EXPERIMENTAL PROCEDURE

2.1. Materials

n-nonane and TODD were supplied from Aldrich (puriss, >99 mol %;
TON was from Fluka (puriss; >99.5 mol %), and POPD was from Merck
{zur Synthese; >98 mol%).

The chemicals were all partially degassed; some of them were dried
over Fluka type 4-mm molecular sieves and, otherwise, used as supplied.

2.2. Equipment

Densities of the pure liquids and their mixtures were measured with a
vibrating-tube densimeter (Kyoto Electronics). The vibrating-tube tem-
perature was maintained to better than +0.01 K with a Hetotherm PF-CB
II thermostat. The experimental technique has been described previously
[4]. Mole fractions were determined through weighing. The precision of
the density measurements was +0.00001 g-cm ™%, and that of the mole
fractions +0.00005.

Molar heat capacities C,, were measured at atmospheric pressure with
a programmable differential temperature scanning calorimeter (micro DSC
II, SETARAM, France). This apparatus has been described briefly else-
where [5]. During an isobaric heat capacity measurement, the sample
liquid, x, fills the measuring cell, and the reference liquid of known heat
capacity, n-heptane [6] in our measurements, fills the reference cell. The
calibration of the instruments is then performed in two runs: in the first
run, the measuring cell is empty (E) and the reference cell is filled with
n-heptane; in the second run, both cells are filled with n-heptane. To obtain
the average differential calorimetric area of both measurements, the tem-
perature is programmed linearly at a rate of 0.2 K/min in difference steps
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of 1 K for both increasing and decreasing temperatures, this temperature
increment is centered, respectively, at 288.15, 298.15, and 308.15 K.
Following this procedure isobaric heat capacities are obtained from

Prer S.\'~rcf — SF.-rcf

Cp.=Cp..
' ‘ Px Srcl'-rcf - SE-rcl"

(1)

where S, 1s the differential calorimetric area when the measuring cell is
filled with the sample liquid and the reference cell with n-heptane, S, . is

Table I.  Densities p and Molar Heat Capacities C, for Pure Components

k)

plg-em™) C,(J- K" -mol™"

Substance T(K) This work Literature This work Literature

TON 278.15 0.95834
288.15 0.94859 0.94866[ 2]
298.15 0.93872 0.93872(2],

0.93870{7].
0.93882[8].
0.93892[9]
308.15 0.92868 0.92870[ 2]
TODD 278.15 0.99953
288.15 0.99015 0.99028[2) 368.64
298.15 0.98064 0.98079[ 2], 369.52 367.78[ 141.
0.98042{ 10]. 367.30[ 15].
0.98001[ 117, 366.58[16]
0.98117{12],
0.98000[ 13]
308.15 0.97115 0.97127[12] 370.90
POPD 278.15 1.02410
288.15 1.01484 1.01502[2] 458.48
298.15 1.00566 1.00569[2], 459.03 457.10[4)
1.00651[17],
1.00662[ 117,
1.00627[12]
308.15 0.99634 0.99642[ 2] 460.34
CyHag 278.15 0.72945
288.15 0.72179 280.01
298.15 0.71409 0.71400[ 18], 284.41 284.55[22],
0.71391[14], 284.34[ 14]
0.71392[19].
0.71389[20]
308.15 0.70626 0.70642[ 18], 288.95

0.70596[21]
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the differential calorimetric area when both cells are filled with n-heptane,
and S, i1s the differential calorimetric area when the measuring cell 1s
empty and the reference cell is filled with n-heptane. Under these condi-
tions, the precision of the excess molar heat capacity value C; was
estimated to be +0.05J-mo}~"'-K~' [5].

3. RESULTS AND DISCUSSION

Experimental densities p and molar heat capacities C, of the pure
liquids at several temperatures and at atmospheric pressure, as well as
some literature values, are reported in Table I. The experimental densities
of the mixtures (Table I1) were fitted as a function of the mole fraction and
the temperature to a polynomial of the form

5003
l/p= Z Z A/‘/lol ' TNT - Tn)/—l (2)

i=1 j=1

where p is in g.cm ~%, x is the mole fraction of the glyme, T is temperature
in K, and 7, =278.15 K. The experimental excess molar volumes V%, (also
in Table II) were determined from the densities of the pure liquids and
their mixtures. They were fitted as a function of the mole fraction and tem-

perature to a polynomial of the form

VE=x(l—v) Y Y B,10' /(2x— 1) (T=T,)""" (3)

mn
i=1 j=1

where V% is in cm®-mol ~' and T is in K. The coefficients 4, and B,; and
the standard deviations, given in Table III, were obtained by an optimiza-
tion process, which employed Marquardt’s algorithm [23]. Figures 1-3
show the experimental excess molar volumes and the fitted curves
V¥(x, T). The excess molar volumes are positive and parabolic. The ¥},
values decrease when the length of the glyme chain increases and are
positive for all systems. The mixture POPD + n-nonane system has a cen-
tral miscibility gap at 278.15 K; thus its UCST must take values between
278.15 and 288.15 K. However, the system TODD + n-nonane has a total
miscibility at 278.15 K. The excess molar volumes for POPD + n-nonane at
298.15 K determined in this work agree closely with those obtained by
Trejo et al. [19].

The values of « for pure liquids at 298.15 K obtained by analytical
differentiation of Eq. (2) are given below: o, ne=1.087x 107 K",
tron=1062x 107 K", aropp=0968 x 10 "K', and apgpp =0.922 x
10 *K ~'. The literature values are «,,,...=1.088x107*K ' [24] and



765

Thermodynamic Properties of Oxaalkane—Nonane Systems

L90°0 66£T60 9900 66¢£6'0 8500 98¢Y6°0 LSOO LSES6'0 0LY86°0
6€£1°0 £06160 6£1°0 L68T60 610 088£6'0 o 058Y6°0 L£896°0
60£°0 §0606°0 10£°0 £68160 L8T0 898760 [4x4\] ££8€6'0 LSSE60
[5¥°0 878680 3240} S0R060 0Ey'0 89L16°0 910 1TLT60 LY868'0
6190 SP¥88°0 190 90v68°0 165°0 09¢06°0 LSO 0€160 £T6¥8°0
+0L0 T86L8°0 w0 56830 9590 668680 €790 S$¥806°0 60E€8°0
§T80 L8980 ¥8L°0 LE]LYO 96L°0 8LL8]O 1TL0 y1L68°0 816L°0
560 98+$8°0 LT60 67¥98°0 6880 19¢€L8°0 0580 687880 £P8eL0
8L0'1 1PT¥80 ol 18168°0 9860 01980 6£6'0 0C0L30 626890
erll ¢c0£80 801°1 LL6ESOQ 190°1 888180 010°1 P6.58°0 L00¥9°0
661°1 £20T80 ISl 1¥628°0 960°1 9v3£8°0 050°1 6£LPS0 £2965°0
LSTI 6L608°0 0Tt 068180 PPl 68LC80 S60') 699€8°0 760550
LT 0r66L0 81Tl 1$808°0 091'i ScLIgo 601°1 009780 06£050
68C'1 Ov68L°0 8¢l 8C86L°0 6L1' 70L08°0 CraN| 896180 £9LSY'0
88C'1 r08L0 peCl TT68L0 1L1°1 68L6L°0 sil 9¥908°0 06v1t°0
S 7! 1S1LL°0 161°1 TT08L0 [ARN| 8L88L°0 G801 €TLO6L0 9L0LE0
L91'1 S009L°0 L1 £989L°0 £90'1 SOLLL'O P10°1 0yS8L'0 9CTIT0
690°1 6615L°0 Seo'l cr09L°0 660 1L89L°0 6560 169LL°0 1£69C0
696°0 SOEvL'0 +€6'0 ovISLO 0060 9565SL0 £9%8°0 69L9L°0 001CT0
0r8°0 £18£L°0 1180 8ELEPLO £€9L0 €616L°0 6¢L0 €£565L°0 LS9LT'O
£78°0 90btLL0 96L°0 6CCYL0 LSL0 6£-5L0 6CL’0 0v8SL'0 TSOL10
£89°0 P98TL0 LS9'0 789¢L°0 £29°0 S8YPLQ 7090 BLTYLO /8E1°0
Ses 0 661TL°0 8150 LOOELO 0050 L6LELO {6v°0 6LSYL0 26600
6¥1'0 P161L°0 1¥9°0 91LTLO L1¥0 906¢L0 So¥'0 L8TYLO £L180°0
8¢0 €891L°0 TLeo 98YTLO 341} 9LTEL0 0EL'0 SSOPLO $9.L900
$0€°0 vEPIL0 16T°0 PETTL'O 6LT0 S10EL0 SLTo 88LELO §0TS00
vI0 $6380L°0 clra G891L°0 €010 6SYTL0 (S AN TTeeL’o 1LL10°0
THOUTHD T HOUN — 1+ FHO O HD P HD)O Y HOX
(- jow - wd) ATEu.wv ((—jow - wd) ?.\Eu.wv (,—low- wd) ffEu.wv (,—10W- wd) ?{Eo.wv X
d A d A d By d
A S180¢ A 61'86C A S1'88C M GH8LT
AL
(pr¢ T=0) PHIYHITHD (N = )+ THD TOTHITHYIOYHON] 10) {1 SOWNOA IR[ON SSIINT] pur o samisuac] muswnadxg  Cqp AqeL



Tovar, Carballo, Cerdeiriiia, Legido, and Romani

766

c0L0
9L0
8L8°0
y6'0
9£6'0
9¢0°1
801°1
ovl'l
1y
L9t1
€61l
961°1
Tl
Srl'l
e
[4108 ]
£56°0
1780
9L90
9850
§ceo
P00

1¥916°0
610160
10L68°0
680680
0¥$88°0
tS1L8°0
£¥868°0
£1268°0
0pLyR0
CIeeso
£10¢80
ST0I180
LT66L°0
8P68L°0
1168L°0
£189L°0
8S09L°0
998vL°0
L78tL0
9L0%L0
10£CL0
1280L°0

890
SeL’o
880
$680
S06°0
9860
990°1
860°1
12071
L
240
[a4
Lyl
£60°1
SLO'I
£360
9060
6080
90
€650
cleo
100

§95C6'0
r6160
L1906°0
100060
6¥P68°0
L5088°0
6£498°0
$0198°0
$£968°0
S61v8°0
L88C80
¥6818°0
68L08°0
<086L°0
65£6L°0
1S9LL°0
0689L°0
£896L°0
8L9PL0
788LL°0
¥60tL0
0091L°0

590
yILO
0180
9680
6980
1760
800°1
9¢0'1
Yo'l
190°1
£60°1
¥80°1
9801
170°1
S0l
we'o
0980
vLLO
190
vso
96T°0
ve00

S6vE60
£9826°0
8¢S160
816060
19€06°0
$9688°0
ev9L8°0
900.8°0
§CS98°0
080580
09.£8°0
P9LT80
59180
59080
LOTOB0
£8V8L°0
6[LLLO
66¥9L°0
SYrSL0
£89%L°0
S88¢L°0
LLETLO

w90
690
£8L°0
9180
1£8°0
6680
8¥6°0
660
£96°0
300°1
S0l
t¥0'l
9c0°'1
0660
[4X.X"
<060
0cg80
wilo
9650
L0OS0
8LTO
8¢00

PHOCEHD T HDN — D+ YHD YO HI HD IO HOY

orre0
1LLE6°0
17vC6°0
£28160
9160
L5868°0
9£688°0
L88LBQ
60vL8°0
56580
STor8°0
P19¢8°0
£05C8°0
y6vi80
SY0I8°0
£0E6L°0
Pe68L0
c0ELLO
Pec9L0
LIYSLO
S99L0
[A 4R ¥RV

6v08°0
CtcsLo
STreL0
LLYELO
L0169°0
L86£9°0
Ly165°0
L0895°0
068vS°0
879610
OpLyy 0
L660Y°0
Pr89¢°0
r0eL0
6yeit’o
68LYC0
SI8ITO
IPILIO
£36C1°0
92001°0
LTL900
£LL00°0

(. 1ow- wo) A,\Eu.mw

e
aA

d

(,_jow- wa) (. wo-§)

w

a4

d

A_\_om_._Eu_ f}:u.mu

w

aA

J

(, low- wo) (. _wo-§)

b

d

A $1'80¢

A SI'86T

A S1'88C

NSI8LT

A

(panuiiio)y )

11 219%1



767

{ Oxaalkane-Nonane Systems

ies o

Propert

amic

Thermodyn

Y900
9LT'0
61£°0
00¥0
ro
I¥$0
vL90
1LL0
L98°0
0r6°0
860
£€07]
801
PLO'T
$90'1
0901
8¢0'1
1860
§060
0<8°0
68L°0
6¥9°0
7es0
69£°0
69C0
8910

8L1°0
99T°0
£EY0
9950

838860
§61860
686960
£6£96°0
L9£96°0
cl1s60
95LE60
809760
6L116°0
9.868°0
909880
LETL80
601980
819+8°0
112£80
L9080
795080
0¥06L°0
0LPLLO
6¥09L°0
1846L°0
ThSPL0
1¥$€L°0
LOvCL0
€C81L0
[RR4VAY

988560
SF156°0
9£6£6'0
168760

SLOD
Z81°0
9te’0
£1vo
I+0
1+$°0
£99°0
9L0
cL80
pi6°0
8560
80071
gao’l
0£0°1
0l
0co’l
$660
£v6'0
L98°0
96L°0
092°0
$£9°0
0¢s0
§9¢°0
§9T0
IL1°0

LL10
65T0
LY O
9vS0

18660
811660
T06L60
c0tL6'0
9LTLE60
$2096°0
999v6°0
CISE6’0
0L0T6°0
0LL06'0
L6v68°0
CTI880
L8698°0
L6¥S8°0
8L0¥8°0
1£6¢8°0
61¥180
9886L°0
LOE8L0
TL8ILO
S099L°0
£SESL0
SpevL0
9CEL0
P19CL0
L61TLO

THOHEHDWHON — 1)+ P HO MO HD T HDIOYHOY

873960
980960
£L8V60
£8LE6°0

180°0
0610
peEE0
S1vo
(A2 d]
13430
$99°0
CLLO
LL8O
1160
9260
8560
6960
SL6O
0L6'0
8560
$£6°0
2060
6280
69L°0
PEL’O
90
60S°0
L9t°0
50
6L1°0

9L1'0
l2241]
86t°0
£C60

yTLOO']

920001

608860
L0OT86'0
8L1860
026960
966560
£E6EF6'0
9¥6C6°0
39160
LLEO60
£0068°0
$98L8°0
£9£98°0
tr6r80
06L£8°0
69¢c80
61,080
0El6L°0
C89LL0
EIvLLO
519470
yeisLo
6€0¥L°0
gereL’0
996TL0

1LLL6'O
ct0L6'0
£1856°0
8ILF60

0650
per0
99¢°0
£5T0
2810

L81°0
[ayay
§8¢°0
£0s’0

Ly910°1
L¥600°1
8CL66'0
121660
980660
1€8L6°0
19¥96°0
L6TS60

SS69L°0
8C6SL'0
1Z8¥L°0
1L1vL0
OrLELD

569860
P96L6°0
LELIEO
8£9¢6°0

6L696°0
00£¥6°0
$0968°0
1€EL8°0
997L80
£5PI80
9SeLL0
60EL0
8¢8L9°0
L11E9°0
1668670
TELESD
88L6V0
6L9vY0
8066¢°0
c019¢0
POLIEQ
8TC9C0
jaaray]
69L91°0
126510
¥P0Tt0
LS680°0
169600
169€0°0
90$70°0

899560
810260
0880
§F8F80



Tovar, Carballo, Cerdeirifa, Legido, and Romani

768

1oo=* £9L00="g 6970~ =g Lereo— =g 07010~ =g 09v9°0=""¢
0s9PT— ='*g 0EP0 0~ =1g L8LOD="g 1L85°1 ="*g 08¥0'0 =g
6£8Y'0— =g zioro="9 $se00— ="'g 96z 0="'g vLz9e="¢q A
110000=+ $981000 ="y SSEP000— =) 699v100— ="F ZIT000— ="'V 6CPP000 ="V
PPOTI0— ="y 9TTO00°0="*tF $P8L000 =¥ SEOPPE 0 ="ty 0¥20000="F
8196000 — =y 1L5£€90— ="y $020000="'y 0LEPI00=""V soriLer="yp d/
THOO( =)+ ' HDOHOTHDTHD IO HOY
L100=" 09000~ =*°g 01110="%g 6£L91— ="°g ¥C100— =*'g 68Y00— ='g
£1600=""g $8€00="1¢ LPOTO— =g 8/68'1="g 81100— =*%g
86500~ =g 10980~ =''g LS000— =t'g SEECo="'g 990y ="1g W
£10000 ="+ 6660000— =) LIEP000 =y PO1P200— =y 6212000 ="y S££8000— =¥
weeco0=""r 9L£1000— = 0015000 =y £88160°0 ="ty ¥€10000 =y
9865000~ =) PISLOP O~ =Ty $ET0000=""¥ S8TYID0=""Y 68L0LE 1 ="V /1
THOO( = [)+ ' HDOH O HDTHDIO  HOY
#8000 =5 69700 ="*¢g STI00— =59 czeTo— ="%g ¢8100— =g wso0=":"g
0L£00— ="'g PSTON— =g 86100~ =g 6280="¢ PPOO0— =*°g
86100— =g 8L6v'0— =''g L1000="'g PeICO="'g 06sty=""'9
0900000 = 8710000 =¥ 8TTINO'0 =¥ LI1TTT00— ="V 0000 — =*F TIT2000— =F
$GETS00="Tp £S00000— =ty 60£0000— ="y $86850°0— ="ty 8200000— =%y
T9£T000— =) 8L98670— ="F £LTO000=""Y L8IFP100=""F oteoLE I ="'y df
CHEO( = 1)+ YHOH(O'HD HDIO ' HOY
(5) suoneiA3Q piepuriS pue (¢) pur (7) sbg 10) "g pue "p siolpweieg  ppy 2qeL



Thermodynamic Properties of Oxaalkane-Nonane Systems 769

1.4 .
i |
12 > 4
1ok |
= 08t 1
£ ! |
§ o6l ]
¢t ]
04} ]
0.2} 4
004 05 i

x

Fig. 1. Excess molar volumes V! for {xTON +
(I —x)n-nonane} a1t 278.15K (@), 28315 K (M),
298.15K (A), and 308.15K (&) (—) Calcul-
ated from Eq. (3).
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Fig. 2. Excess molar volumes V', for {xTODD +
(1 — x) n-nonane} at 278.15K (@), 288.15K (1),
298.15K (A), and 308.15K (®). (—) Calcul-
ated from Eq. (3).
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Fig. 3. Excess molar volumes V¥ for {xPOPD +
(1 = x)n-nonane} at 278.15 K (@), 288.15 K (M),
298.15K (A), and 308.15K (®). (——) Calcul-

ated from Eq. (3).
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0.90 .

Fig. 4. Thermal expansivities x calculated from
Eq.(2) at 298.15K: (a) {xTON+(1—x)n-
nonane}: (b) {xTODD + (1 — x)n-nonane}:
{c) {xPOPD + (I — x) n-nonane}.
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Table IV.  Experimental Excess Molar Heat Capacities C, for
{XCH,O(CH,CH,0),CH, + (1 — x)CH (CH,),CH,} (v=3,4)

T:288.15K T:298.15 K T:308.15K
¢ ct c
RS (J-mol~'-K™Y X (J-mol™'- K~ x (J-mol='. K™Y

0.05081
0.09922
0.19865
0.24858
0.30138
0.39745
0.51240
0.59715
0.64542
0.69924
0.79958
0.89953
0.94800

0.05052
0.09941
0.14781
0.19374
0.24776
0.29661
0.2999%
0.34740
0.42050
0.44185
0.45134
0.50183
0.50753
0.59660
0.64669
0.69523
0.84841
0.94727

xCH;O(CH,CH,0);CH; + (1 —x)CH;(CH,;),CH,

—-093
—1.04
—0.06
1.03
1.41
2.18
245
1.74
1.21
045
-0.53
—0.80
—047

0.04788
0.09904
0.14854
0.19685
0.24840
0.29470
0.34557
0.39600
0.46101
0.51235
0.56493
0.61300
0.66323
0.71056
0.76025
0.81088
0.85636
0.95049

—-0.74
—1.21
—0.98
—0.63
—0.02
0.29
0.69
1.10
1.26
1.13
0.98
0.45
0.18
—0.33
—0.68
—1.02
—1.00
—0.60

0.05081
0.09922
0.19865
0.24858
0.30138
0.39745
0.51240
0.59715
0.64542
0.69924
0.84854
0.89953

~CH,O(CH,CH,0),CH, + (I — x)CH;(CH,);CH,

—1.01
—0.51
1.26
4.29
7.89
135
13.99
16.3
17.94
17.09
17.33
14.87
13.41
6.07
4.45
1.19
—L13
—-0.53

0.05052
0.09941
0.14781
0.19374
0.24776
0.29999
0.34740
0.41508
0.42050
045134
0.50183
0.50753
0.54584
0.59660
0.64669
0.69523
0.79710
0.84841
0.89820
0.94727

—-1.02
—0.96
0.07
1.65
293
4.46
4.99
5.83
5.59
5.23
5.06
4.67
311
217
0.95
0.26
—1.01
—1.26
—L12
—0.68

0.05052
0.09941
0.14781
0.24776
0.29999
0.34740
0.41508
0.42050
045134
0.50183
0.50753
0.54584
0.59660
0.64669
0.69523
0.79710
0.84841
0.89820
0.94727

—0.87
—1.36
—1.00
—047
—-0.32

0.05

0.29

0.00
—0.24
—0.69
—-1.24
—0.94

—1.44
—1.34
—0.51
0.48
1.73
212
273
251
239
233
2.04
1.18
0.52
—0.08
—0.51
—1.17
—1.26
—1.05
—0.65
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1.091 x 107 K~" [18], ayon=1.062x10 *K ' [16], and aropp=
0977x107*K [16] and apepp=0.919x 10 K ~' (estimated from density
measurements of Ref. 25). Figure 4 shows the « values at 298.15K
calculated from Eq. (2).

Results for the excess molar heat capacities C}, are given in Table IV.
For each mixture and each temperature, the C,f' values were fitted to a
Redlich-Kister function of the form

Chl=x(1-x) Y A4,2x—1) (4)

i=0

where C} isin J-K~'-mol ' and x is the mole fraction of the glyme. The
coefficients 4, and the corresponding standard deviations s are given in
Table V and they were used to obtain the curves in Figs. 5 and 6. The
excess molar heat capacities show a W-shaped-concentration dependence
at several temperatures. The excess molar heat capacities at constant
pressure for POPD + n-nonane at 298.15 K determined in this work agree
closely with those obtained by Trejo et al. [26].

Fig. 5. Excess molar heat capacities o
for  {xTODD + (I — x)n-nonane}  at
288.15 K (M), 298.15 K (A ). and 308.15K
(® ). (——} Calculated from Eq. {4).
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It is observed for both systems that, as the temperature increases, C;
decreases. This tendency is stronger at the maximum in C IF It was verified
that the mixture POPD + n-nonane exhibits a miscibility gap at 283.15 K;
at the same time, the maximum of the C| curve is strongly enhanced. The
system TODD + n-nonane is miscible at 298.15 K, and the temperature
dependence of C;[ is regular. The behavior of both mixtures at x=0.5 is
represented in Fig. 7. These experimental results agree with Patterson’s
hypothesis about nonrandomness in the mixture by concentration fluctua-
tions in the UCST proximities [27, 28].

Figure 8 shows, for each mixture, the values of (8V] /0T), and

(OH/op)r=V} —T(0V} [0T), at x=05 and 298.15K computed by
analytlcal differentiation of Eq (3). Patterson and co-workers suggested
[28] that the parameters, (9V],, 0T), and (0H"/0p)r, can be employed as
indicators of nonrandomness in the solution Randomness in the solution
implies a negative contribution to (8¥,/0T), and a positive contribution

(0H"/dp)s. (OV},/0T), is positive for all mixtures with values that
decrease slightly with the glyme chain length. Inversely, values for
(0H®/dp); are negative, and they are enhanced with the glyme chain

length. Similarities have been found between the behavior of these systems

20 T

18

-
(=]
T

Fig. 6. Excess molar heat capacities C}
for {xPOPD + (1 — x)n-nonane}  at
288.15K (M), 298.15K (A). and 308.15 K
(®). (—) Calculated from Eq. (4).
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Fig. 7. Excess molar heat capacities (‘/‘: at
=05 and 288.15, 298.15, and 308.15 K cal-
culated from Eq. (4): (W) POPD + ni-nonane:
(@) TODD + ni-nonane.
7 T T T 1.5 T
r x = 05 1 I ]
6 T = 298.15 K L .~ o0s ]
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Fig. 8. Differential coefficients, (8V,/8T),. and (9H"/8p)y at x=0.5 and 298.15 K calculated

m

from Eq. (3) (H) {CH,O(CHZCH:O)\CH_X+n—heptane} (v=1.2,3.4) (1. 3] (A)
{CH,O(CH,CH,0),CH; + 1 — cyclohexane} (v=1.2.3.4) [2): (®) {CH,O(CH,CH,0),
CH1+ n-nonane} (v=2, 3, 4), this work.
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and glyme +n-heptane and glyme +cyclohexane mixtures [ 1-3]. These

re

sults agree with nonrandomness in the mixtures investigated.
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