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Abstract—Solution behavior of liquid mixtures are depend on the interactions of constituent molecules
in solution, excess molar volume(VE) is therefore very important in the thermodynamic design as well as
understanding the relation between constituent components. In this work, excess molar volumes have been
measured for binary mixtures of cyclohexane-alcohol(C,-C,) at 298.15 K by using digital vibrating tube densi-
meter. Excess molar volume values show positive deviation from the ideality in all the measured cyclohexane-
alcohol systems and especially cyclohexane-methanol mixture has immiscible region. Experimental data were
fitted with 6 parameter Redlich-Kister equation, and their standard deviations(S,), from the experimental
data were less than 0.009 cm®/mol.
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Table 1. Densities(p) of pure liquids at 298.15 K

. p(g/cm®)

Component Supplier Present study Lit. value
Cyclohexane  Aldrich 0.77385 - 0.773887
Methanol Merck 0.78645 0.78637"
Ethanol Aldrich 0.78503 0.78500°
1-Propanol Aldrich 0.79948 0.79957"
2-Propanol Aldrich 0.78101 0.78082°
1-Butanol Merck 0.78126°
2-Butanol Merck 0.80584 0.8060"

“Reference 10, 'Reference 11, ‘Reference 12, “Reference
13
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Table 2. Excess molar volumes for cyclohexane-alcohol

mixtures at 298.15 K

u}

VE
X p@em) oy Ko p@emd) (cm3/mol)

Cyclohexane-Methanol
0.0491 0.78163 0.1857 0.6002 0.77244 -
0.1001 0.77790 03462 0.6993 0.77234 -
0.1753 0.77451 05019 0.7998 0.77244 -
0.1976 0.77322 - 0.8833 0.77256  0.2462
0.3051 0.77275 - 09235 0.77281 0.1898
0.3924 0.77272 - 09624 0.77322 01117
0.5011 0.77253 -

Cyclohexane-Ethanol
00513 0.78153 0.1947 0.6050 0.77186 0.5646
0.1668 0.77748 0.3898 0.6405 0.77177 0.5507
0.2053 0.77657 04302 06780 0.77182 0.5179
0.2844 0.77484 05133 0.7019 0.77182 0.5004
03492 0.77480 03962 0.7498 0.77189 0.4576
03962 0.77313 0.5855 0.7997 0.77202 0.4037
04504 0.77267 05911 0.8446 0.77217 0.3518
04978 0.77227 05973 0.8714 0.77230 0.3147
0.5474 0.77203 0.5877 0.9406 0.77293 0.1760

Cyclohexane-1-Propanol
0.0498 0.79701 0.0658 0.6457 0.77754 04185
0.0971 0.79469 0.1319 0.7001 0.77655 0.4004
01505 0.79233 0.1941 0.7488 0.77563 0.3936
0.2039 0.79023 0.2407 0.8082 0.77488 0.3403
03043 0.78655 03243 0.8461 0.77439 0.3109
03510 0.78502 0.3551 0.8986 0.77393 0.2420
04960 0.78096 04069 09472 0.77375 0.1447
0.5518 0.77956 0.4210

Cyclohexane-2-Propanol
0.0479 0.77946 0.1083 0.5466 0.77148 0.6136
0.1053 0.77822 0.1825 0.6010 0.77117 0.6194
0.1824 0.77660 0.2873 0.6525 0.77101 0.6082
02403 0.77559 03492 0.6871 0.77104 0.5842
03045 0.77455 04163 0.7270 0.77121 0.5371
03569 0.77345 0.5042 0.7997 0.77142 0.4660
03973 0.77294 0.5348 0.8482 0.77162 0.4087
04590 0.77214 0.5890 0.8981 0.77208 0.3144
0.5003 0.77185 0.5971 0.9455 0.77278 0.1870

Cyclohexane-1-Butanol
0.0489 0.80335 0.0763 0.5494 0.78350 0.4453
0.1000 0.80103 0.1280 0.6001 0.78202 0.4382
0.2004 0.79680 0.2066 0.7021 0.77919 0.4146
0.2993 0.79259 03062 0.7987 0.77666 0.3814
03502 0.79050 0.3578 0.8502 0.77560 0.3285
04505 0.78686 04091 0.9490 0.77393 0.1822

Cyclohexane-2-Butanol
0.0504 0.79986 0.1069 0.6168 0.77873 0.6579
0.10283 0.79767 0.1641 0.6499 0.77791 0.6511
0.1539 0.79527 02562 0.7036 0.77678 06170
0.2002 0.79345 0.3017 0.7534 0.77586 0.5680
0.3004 0.78931 04361 0.8001 0.77512 0.5084
03973 0.78547 0.5635 0.8503 0.77442 04321
04564 0.78357 0.5947 0.8988 0.77390 0.3393
0.5507 0.78048 0.6600 0.9498 0.77359 0.2071
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Fig. 1. Measured densities(p) of the binary systems cyclo-
hexane-alcohol at 298.15 K.
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Table 3. Fitted parameters(A;) and root mean square deviations(Ss) for cyclohexane-alcohol

298.15 Kol ¢l Cyclohexane-alcoholA| 9] 3] & %3
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mixtures at 298.15 K

Systems A A, Ay Ay As As SAcm®/mol)
Cyclohexane-Ethanol 2.39931 —0.21486 —0.06274 0.74175 1.84652 —1.24240 0.00459
Cyclohexane-1-Propanol 1.64165 0.44910 0.52781 0.28888 0.19258 0.21922 0.00458
Cyclohexane-2-Propanol  2.42605 0.82709  —0.65609 0.31202 1.71957 ~0.40015 0.00887
Cyclohexane-1-Butanol 1.74001 0.47867 —0.46446 1.17851 1.96419 —0.43677 0.00459
Cyclohexane-2-Butanol 2.55478 1.14254 —0.57418 —0.48524 1.59330 0.74643 0.00878
I T Ll I T T L T T T T 1
(a) Cyciohexane—~Methanol {b) Cyclohexane~Ethanol (c) Cyclohexane—1~Propanol
- 4 - .
4 B
10— — ——t—t—t ————
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Fig. 2. Excess molar volumes of the binary systems cyclohexane-alcohol at 298.15 K(@ : Exptl. data, — : Calc. data)
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Fig. 3. Comparison of excess molar volume between cy-
clohexane-alkan-1-ol and cyclohexane-alkan-2-ol at
298.15 K.

(The same symbols and systems are used as in
Fig. 1).
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Fig. 4. Excess molar volumes for cyclohexane in C,-C,4
alcohol at 298.15 K.
(The same symbols and systems are used as in
Fig. 1).
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Fig. 5. Excess molar volumes for C,-Cs4 alcohol in cyclo-
hexane at 298.15 K.
(The same symbols and systems are used as in
Fig. 1).

Table 4. Partial molar excess volumes at infinite dilution
for cyclohexane(1)-alcohol(2Z) mixtures at 298.15

K

System Vif= i

Cyclohexane-Methanol 3.8716 22473
Cyclohexane-Ethanol 2.5995 2.8838
Cyclohexane-1-Propanol 1.3782 2.7993
Cyclohexane-2-Propanol 2.7341 3.1868
Cyclohexane-1-Butanol 1.1220 3.0867
Cyclohexane-2-Butanol 1.8785 42188

EFAe ol EHE o] HAE BAch FE
Bl 28 7h= cyclohexane-alcohol & &4 8] v ael A
£ cyclohexane-alkan-2-ol &3§H&-¢} cyclohexane-alkan-
l-ol EdEx) of & &9 3} XIS Zded
ol ZiAdE Hule} A o] FAA Atelo} £Ab
T2 & fees YR} B4dde] EAlF=
cyclohexane-methanol &35 A ojslz YL 53l
g Azle}l Redlich-Kister?] t}di2lel o3k Abga)
2 AR A 7k EgA) dis) o 1% w|ue] m}e)
5y Azxlz2 3 FA=HGt

ARBZ|Z2

:i* parameter of the Redlich-Kister equation
: vibration frequency

: proportionality constant

: mass of the tube and its contents [g]

B W™



298.15 Kol 2] Cyclohexane-alcohol# 2] 3] & 3]

M  :molecular weight [g/mol]

n  :number of fitted parameter for the Redlich-Kis-
ter equation

N  :number of experimental data

P  :pressure [mmHg]

S; :standard deviation between calc. V£ and exp.
V& [em®/mol]

t : temperature [T ]

T  :vibration period

V  :molar volume of the real solution [cm®/mol]

VE  :excess molar volume [cm®/mol]

V4 :molar volume of the ideal solution [cm®/mol]

x; :mole fraction of the component i

y  :elasticity coefficient

aglo|A 2X}

p :density [g/cm®]

Py :density of the reference i [g/cm®]
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