Asian Journal of Chemistry Vol. 4, No. 1 (1992), 120-127

Refractive Index of Ternary Liquid Mixtures of Toluene,
Cyclohexane, Carbon Tetrachloride and
Benzene at 298.15°K
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Refractive index values of two ternary liquid mixtures: toluene+
cyclohexane+carbon tetrachloride(I) and toluene+cyclohexane+-ben-
zene(1I) at 298.15°K have been measured experimentally. A comparative
study to check the validity, merits and demerits of the five mixing rules
viz., Lorentz, Lorenz, Gladsone-Dale, Weiner, Heller and Arago-Biot
relations have been made after analysing the experimental refractive
indices data for these ternary liquid mixtures.

INTRODUCTION

A knowledge of refractive index of multicomponent system is often
desirable in many applications of multiphase systems. Various theoretical
mixing rules have been proposed for the estimation of the refractive index
of binary liquid mixtures, The most widely used relations for the refractive
index of binary liquid systems are Lorentz-Lorenz relations!-2, Gladstone-
Dales relation3, Weiner’s relation*, Heller’s relation® and Arago-Biot
relation®. Recently several drawbacks of most of the mixing rules have been
pointed out”8, and binary mixture data of density and refractive index
were analysed to test their validity. Pandey et al.? have carried out this work
recently concluding that (L-L), (G-D), (W), (H) and (A-B) relations per-
formed well. Recently Bertrand ef al.®-!° have proposed an equation for
the evaluation of physical properties of multicomponent systems from the
knowledge of the properties of their binary combinations and applied
for the estimation of refractive indices.

In the present paper an attempt has been made to extend the existing
binary mixing rules for the refractive index of ternary liquid mixtures.
The validity of these proposed relations have been tested using the only
available density and refractive index data of ternary liquid mixtures.

EXPERIMENTAL

Toluene, cyclohexane, carbon tetrachloride and benzene were AR BDH
(India) chemicals procured from Glaxo Laboratories (India) Ltd., Bombay,
These chemicals were further purified by fractional distillation and drying
before use. Pure component densities and refractive index were measured
and compared with the literature!! values to assure no significant effect
due to impurities. Experimentally determined densities and refractive
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index of these liquids were checked within allowed limits with the corres-
ponding literature values Table 1. The distilled and deionized water
having the electrical conductivity of 8.0% 10-7 mho cm-! was used as
reference fluid to calibrate the pyknometer and Abbe’s refractometer.

TABLE 1

PARAMETERS OF THE PURE COMPONENT
LIQUIDS AT 298.15°K

Component Density Refractive

liquid (p) gm cc! Index (n)
Toluene 8625 1.4961
Cyclohexane 7738 1.4266
Carbon tetrachloride 1.5143 1.4551
Benzene 0.8732 1.4980

The ternary liquid mixtures were prepared by weighing the respective
components in a chemical balance with an accuracy of 0.0001 gm. The
pyknometer was submerged in the thermostatic water bath. Refractive
index was measured with the help of Abbe’s refractometer. All measure-
ments were carried out at 25°C. Densities were determined by pyknometer.
Distilled conductivity grade water having the density values of 0.99707
was used for calibration. The capillary tube was thoroughly cleaned bet-
ween mixtures and flushed several times with the new mixture before
filling and knowing the component weight, we calculated the exact
compositions.

Refractometer was connected with the water bath and has got the
accuracy of 4+0.001. All the measurements were carried out in a water
bath allowing sufficient time for attaining thermal equilibrium and
minimizing evaporation. The temperature of water bath was set and
monitored to 0.01°C with a Beckmann thermometer which had been
standarized with a standard thermometer. The fluctuation in the bath
temperature were always within the range of 4+0.01°C.

THEORETICAL

All the mixing rules tested earlier for predicting the refractive indices
of binary liquid mixtures have been extended for ternary systems after
slight mathematical adjustments. The most important mixing rules which
are used here, can be formulated as:

Lorentz-Lorenz relation has widest applicability in predicting the
refractive indices of mixtures from refractive index and density data of
the pure components. The extension of (L-L) relation for ternary liquid
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mixture with the knowledge of binary system requires an addition of the
two terms, which accounts the change in polarizability D =(n2—1)/(n242),
with the volume fraction of all the components which can be written as:

B Ee [ e e o

where ng, ny, np and n; are the refractive indices of mixture and pure
components 1, 2 and 3 respectively.

Gladstone-Dale relation has wide applicability in predicting the refrac-
tive index of binary mixtures especially in the case of dilute solutions.
Difference between the refractive index of pure components must be
small for better performance of the relation. For the ternary liquid
mixtures, this relation may be represented as

(0m — 1) = $1(n1 — 1) + da(nz2 — 1) + ¢5(n3 — 1)

The above relation may be expressed in the terms of specific refraction,

ie.
e e [ e [
—_ w w =W (2
[ Pm P1 Lt P2 2+ P3 ’ )
where pm, p1, p2 and p; are the densities of mixture and pure components
1, 2 and 3 respectively.
Weiner’s relation has been applied in the case of isotropic body of

spherically symmetrical shape assuming volume additivity and can be
expressed as

2 2 2
Dm — 0} nj — n? 3
-l ol @
Heller’s relation is a simple limiting form of the Weiner’s relation, which
can be applied only in the case of dilute solutions. It can be obtained by

assuming ny,n; and substituting in Weiner’s relation for ternary system.
Now it takes the following form:

[nm; m] 3[¢2(m2 T 2) + ¢3<m§ 3 ;)] 4)

Arago-Biot relation for ternary liquid mixture can be obtained by adding
the contribution of the third component in the binary equation. Accord-
ing to this relation, the refractive index of the mixture may be given as:

m = ¢Ny + $on2 + ¢inz 4)
RESULTS AND DISCUSSION

By using the refractive index and density of the pure components, the
validity of the above discussed five theoretical mixing rules has been
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tested. The present work has been carried out in two parts. Firstly, all
the five relations proposed for the refractive index of binary liquid
mixtures, were extended to ternary system. Secondly, their relative merits
and demerits were examined in relation to the two ternary systems. The
ternary systems under the present investigation are toluene 4 cyclo-
hexane+carbon tetrachloride-(I) and benzene+cyclohexane--toluene-(II).

The experimentally determined values of the refractive index of pure
components have been utilized for the evaluation of theoretical values of
refractive index of ternary systems using all the five aforesaid relations.

Tables 2 and 3 enlist experimental and theoretical values of refractive
indices for both the ternary systems with their percentage deviations
from various mixing rules.

From results represented in Tables 2 and 3 it is evident that for the
ternary system (I) the maximum percentage deviations observed in each
case were (3.62), (1.17), (2.01), (0.86) and (0.72) and their minimum
percentage deviations were 0.70, 0.42, 0.59, 0.27 and 0.41 for L-L, G-D,
W, H and A-B relation respectively, while for the ternary system(II) the
maximum percentage deviations were found to be 0.24, 0.36, —1.56,
—2.17 and 0.23 and the minimum percentage deviations were 0.00 for
L-L, G-D and A-B relations except Weiner and Heller relations for
which the minimum percentage deviations are (—0.54) and (—0.72)
respectively. These relations yield their average percentage deviation of
0.54, 0.54, 0.86, 1.31 and 1.89 respectively for the system I and 0.07, 0.08,
1.03, 1.47 and 0.07 percent respectively for the system II from their
experimental values.

In the system I the values of refractive indices of carbon tetrachloride
and cyclohexane are very close, whereas toluene and cyclohexane differ
much. The possible explanation for the deviations in this system is due to
the presence of cyclohexane itself. But in the case of ternary system II
deviations obtained in L-L, G-D and A-B relations are more prominent
at higher concentration of toluene whereas deviations in case of W and H
relations are more effective at higher concentration of cyclohexane. Since
small negative deviation are having to assume a change in molecular
polarisability, i.e. P = (n?2 — 1)/(n? +2) on mixing off the components
Heller’s relation is based on the approximation (m?— 1/m?+ 2)=
(3m)(m — 1), i.e. n; = nz which is not true. The values of refractive
indices of benzene and toluene are very close whereas benzene and
cyclohexane differ much. Here the deviations are assumed due to the
presence of cyclohexane component itself.

It can be concluded that all the five relations which are interrelated in
simple quantitative manner, provide good agreement at ion concentration.
It was observed particularly that L-L relation, G-D relation and A-B
relation provide satisfactory performance followed by W and H relations.

Vol. 4, No. 1 (1992)



REFRACTIVE INDEX OF TERNARY LIQUID MIXTURES

124

689¢°T LIL80 v0eT'1 11850 60¥S°0 10113 pIepuelg

601€"[ 99¢8°0 €80°T 6LESO 8I¥5°0 uotyeIAsp d3ejusorad 98BIAY

€P10°C SHSL0 90€8°0 (34840 4544\ 9ISH'T €0LY'T 169%°1 YSLY'T WLyl SISVl
86661 °€T8°0 11060 69LY°0 66670 SOSY°1 6L97°1 L9V’ OELY'T LY’ 108%°1
0STL’T °E9L°0 o8 0 LT 0 SLTY'0 (1127 (444! 019v°1 SLOV'T LY’ SELY'T
1v99°1 LS8S°0 $260°1 LTSy'o LT8Y0 13248 €9SY'1 LySY'1 Iyov°I LEIY'T 80LY'1
996€°1 60£6°0 10¥0°I pSLED 86070 8THi'I STSP'I €ISY'1 oLSY'T 8LSY'T 8¢9V
128¢€°T vv$6°0 9090°1 [88840] 101%°0 yerv'l {34t LYY’ YLSY'T 69SY°1 629b°1
scee’l 6600°T oSIT'I SLSY O 134440\ ST’ 88hY°1 [dA 24! LISV €91 82911
9L96°1 9L88°0 SYL6'0 €L9Y0 686Y°0 8Ty’ 22! 891 €91 6SSY°1 (4304
L6671 668°0 9616°0 YOLY'O 12314\ (T42A! 96v1°1 £8hb°I LSSY'T SSSY'1 9T9%°1
661¢°T $916°0 66960 €0LY0 60 Ievy'l 06vv°1 12128 €SS 0SSh'T (44 !
$98¢C°I Y8L6°0 9690°T 9905°0 £€€S°0 eVl 18v1°I 8IP'L 0ssv'l LySy'l STV°'L
6EvT’l ¥¥90°1 LLIT'T ¥S6¥°0 ¥97S°0 344! 6911 14544 4354 8YSy'l STV’
6veT’l Lyv6'0 STTO'L €6¥S°0 €L96°0 8hiv'l 06vv°1 6LV T 8VSh°1 syl 629%°'1
6961°1 1444\ 76880 10LS°0 LS 0 1Svy°1 S9SYL 96’ I 134948 eyl LTI
Z861°1 STl 61¥T'1 ¢€09°0 L8790 LSH'T 9124 [£34A0! syl ovsy'1 (13248 ¢
0L9T°I CL6L'O SLE]O 0298°0 §S€9°0 9L 9ISY'L oIS’ S06v°L 6€SY°L €EM'T
vLOT'T S9v8°0 6£68°0 0v29°0 96€9°0 LOVP'1 905t 1 6611 8ESY'T LESY'T 0€9%°1
8LL9°0 6YL°0 66LL°0 16€9°0 LSE€9°0 6TSP'1 61SP'T 1455 A! SESH'l 9ESH’I 6297°1
€€65°0 ¥295°0 ovbL’0 0vs9°'0 vEV9'0 (X432 YosSy'I 10Sv°1 145941 9ISH'1 0I9%°1
LOTO'T 8198°0 S619°¢ 610L°0 1L69°0 (414 4! SOSH°I 201+°T 6CSY'1L 6TSh’1 TeoV°l
0cy9°0 9169°0 920L°0 1689°0 SHTL0 SESY'L LTSY'I 9TSY'l 8TSP'I [XAS A 629¥'T

M a-n TT H qa-v M aon T1 H q-v (1dxq) w
UOIRIASP 938IUIII0] (rooq L) w

610 15§9°0 ‘1T
6L270 8790 0T
9S62°0  98€S°0 ‘61 .
b6ve0  9T6V'0 ‘81
9€sy'0  8LIYO “LT
889p°0  TLIV'O ‘91
6090  SS6E°0 ST
96¥r'0  PILEO 4!
SoObv'0  ELSEO €l
LLTP'0  09EE°0 k4
080r'0  YEIE0 Tt
968€'0  0L6T°0 01
LI9E'0  LELTO .
yhbe0  8ISTO i
09Z€'0  8IETO :
1€0€0  921T°0 :
8I18T0  CI6L'0 .
PESTO  YELT'O ;
$00€'0  SESTO :
¥zz0  69T1°0 :
02’0 ISITO :
X ¢ ‘ON 'S

S.SI°86C LV SHTNY ONIXIN SNOTYVA WOYA NOILVIAEA HOVINTOYdd YIFHL HLIM (10D + ANVXHH
-0T0AD + ANANTOL) WHLSAS AdVNYHL 40 SEDIANI FALLOVIITY 40 SHNTVA TVIILTYOTHL ANV TVININIYAdXH

cHI19dVL

Asian J. Chem.



125

V. KRISHNA, SARIKA, N. AGARWAL AND V. VYAS

00 €1T—  WI— 100 100 6V9Y'T  896y'T  8L8Y'T  TSOYT  €SOFL  SSOV'L  9SEV'0  EvIPO ST
900 v0T—  SFI— 00 00 8SOV'T  L96V'T IS8y’ 199 T  T99KT 899Kl  6THO  SETYO vl
€0°0 1072—  WI— €00 £0D L99V'T  L96V'T  €88K'T  L99W'T  L99V'T  TLOY'T  9LIPO  €S0P°0 €1
600 06T— SET—  9€0 600 €LOV'T  9961'L  S88K'T  €€9VT  €LOV'T  989p'T  L8OKY'O  ITSE0 Tl
Y00 98T—  PEI— 00 $0°0 989yl 996V'T  068Y'I  989P'I  989F'T  TE9H'T  TI6ED  909€0 1
L00 VLUT—  STI—  L0°0 80°0 669V’  996V°'T  6SPT  669Y'T  869T  OILY'I  6ELED  98EEO "0t
00—  OLT—  6I— OI'0— 600—  OSLW'T  996b'I  SO64'I  OELy'T  SZLbT  SILY'T  9EEE0  €L6TO 6
100 09T— 8I'Il— 100 200 STLYT  996VT  PO6Y'I  STLY'T  9ZLV'T  OELY'T  S9EE0 08620 '8
900 SHI—  90'T— 900 L00 EPLY'T  996FT  606v'1  EHLY'T  THLP'T  TSLV'T  L6IED  €9LZ0 'L
ST'0 $TI—  €60—  SI0 L1'0 WD S96v T EI6KT  TSLY'T  6WLVD  SLLY'T  SI0E0  SESTO 9
€10 01—  68°0— €10 910 9Ly T P96Y'T  LI6H'T  SOLV'T  T9LY'T  SSLP'L  6Z8T0  €0€T0 S
12°0 p60—  69°0—  1T0 ¥2'0 TELY'T  v96K'T  9T6K'T  T6LY'T  SSLP'T  bISY'T  6SKTO  ¥S8T0 v
12°0 98°0—  $90= 120 ¥20 POSY'T  €96v'T  OS6'T  vOSP'T  66LK'T  SE8Y'T  L6TTO  9€910 '€
€2°0 9L'0—  LS0— €20 Z4 9I$Y'T  €96¥'T  SE6K'T 9ISl bISY'T 0S8y’ STITO  TOKI'0 'z
LTo TL0—  T90—  LI0 81°0 oI8V'T 66K T SE6pT  9ISKT  SISY'T  TH8P'T  €2ITO  IEEI0 T
€1 A I or 6 8 L 9 S b € z I

g-v H M a-n T1 -V H M a-o TT (aygpat 5 ON °S

SUOIIRIAID 98BJUdDISDg (oay1)™u

SNOILVIAHA HOVINHDYHd HHL HLIM ONOTV ANVXdHOTOAD
+ ANNTOL + INGZNId WHLSAS XYVNYAL 40 SHOIANI HAILOVYATY 40 SANTIVA TVOILTYOTHL ANV TVINIWIdadXd

€ HT14VL

Vol. 4, No. 1 (1992)



REFRACTIVE INDEX OF TERNARY LIQUID MIXTURES

126

LO00 LY I— (X0 Rl 80°0 L00 UOoIRIASD 98.1ua010d 95eIoAy
$0°0 080—  $S0—  $00 20°0 €98yl 886¥°T  OS6v'T  €98p'T  998p'T  698%'T  0S91°0  OVOL'0 "6C
00 $8°0— 85°0— $0°0 200 bS8Y'T  986V'T  Lbev'T  vS8V'T  LSSY'T  098Y I 6SLI0 69690 '8¢
200 90—  L90— [4%Y 000 6e8v° L S86V'I  TheY'T  6E8Y'T  THSP'T TSI Iv61°0  L6L9°0 LT
90'0— (498 S 18°0— 90°0— L00 S8yl €86v°1 LE6Y'T ST8Y'L LT8Y'I 9181 911T0 wmoo.o '9¢
10°0 149 S 18°0— 100 000 o18%°I 861°T (A1 A 018%'1 I8yl I8yl L6TT'0 €990 kY4
10°0— YT — 68°0— 10°0— €0°0— 86LY'1 0867°L 8T6v'l 86LV'L 008%°I 96LY'1 99T0 S€T9°0 ,..VN
00°0 be1— 96°0— 000 10°0— 08LY'I 6L6Y°1 (444! 08LY'T 8LV’ 08LY'1 8L9T°0 £709°0 X4
+0°0 6€°T— 86°0—  ¥0°0 €0°0 99LY'T  LL6Y'T  LI6Y'T 9L’ T  8ILV'T  TLLY'T  SS8T0  ¥98S°0 44
LO0 81— W0r— L0°0 90°0 6vLY'T 8L6V'1 T16Y°' T 6bvLy'1 ISLY'T  09LV'T  ¥V0E0  S995°0 ‘I
€0°0 124 % €0°'T— €0°0 200 LSLY'L SL6V'T vI6F'T  LSLY'T  6SLY'T TLV'T 99670  08LS'O ‘0T
200 L91— 6I'T— 900 200 WYL L6yl T06Y'T  SILY'I €LY’ LTLV'T 8TPE0  TLISO 61
10°0 9L’ 1— - 100 100 LOLY'T oL6¥'T  L68Y'T  LOLY'T  8OLy'I  OILP'T  $T9€0  TLOSO 81
000 80'C— 8YI— 000 00°0 €99%°1 6967°1 1884°1 €T Y991 €99%°T  6ITT0  $S9P°0 Lt
€0°0— Lre— 96 I— €0°0— 00— SSoP°1 896’1  6L8P'T  SSOP'T  LSOP'T  O0SOV'I  6I€h'0  8¥SHO 91
€1 (4} I ot 6 8 L 9 S 14 € (4 I
(pIuod) ¢aAIGVL .

Asian J. Chem,



V. KRISHNA, SARIKA, N. AGARWAL AND V. VYAS 127

At relatively higher concentration of cyclohexane, all the relations deviate
a little more.
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