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Isentropic CompressMMies of Mixtures of Aliphatic Alcohols with 
Benzonkrile 

J. Karunakar, K. Dayananda Reddy, and M. V. Prabhakara Rao' 
D e p a m n t  of Chemistry, Sri Venkateswara Unhwsify, Tkupati 5 17502, Andhra Pradesh, India 

Isentropic compro8dbWm of binary "s of 
b m o b g o ~  SWIOS of awphrtlc .Icohdr + knronltrlk 
were mawrod ai 308.15 K and are r.porlod here. The 
"a dudkd are lgropcmol+ knzonltrik, l-butanol + bonzonltrlk, lgrrrturd + b.nzonttraO, 2gropurd + 
bentOnnrlk, 2-methyCl-propanol+ benzoni t~ ,  and 
3mClthyCl-butanol+ knronttrWe. 

Introductlon 

These measurements were made as part of a study of is- 
entropic compressibilities of a number of binary liquid mixtures 
( 7-5). In this paper we report measurements of the isentropic 
compressiMUtIes of a homologous series of aliphatic alcohols 
with a common solvent, benzonitrb, at 308.15 K. A literature 
survey showed that no one has reported isentropic compres- 
sibility data for these mixtures of six alcohols with benzonlbile 
at 308.15 K. 

Exporknental Section 

M u r v r n r n l d m .  Den8Meswere"dbyusing 
a bicapillary pycnometer described by Reo (6) and were ac- 
curate to 5 parts in io6 parts. The pycnometer was simiar to 
that of Parkar and Parkar with minor modifications. I t  was a 
douMestem pycnometer made of Pyrex glass and it consisted 
of a bulb that held about 11 cm*. The stems were made of 
capiUary tubing with a uniform bore of about 1 mm. The dou- 
ble-stem pycnometer was standardized by using tripledistilled 
water at 303.15 K. 

hleasuramd of Mrasonk Vdodly. Ultrasonic velocities 
were measured by using a variabbpath singte-crystai inter- 
ferometer. A crystal-controlled rf oscillator (high-frequency 
generator) was used to excite the transducer at a frequency 
of 2 MHz. The frequency was measured with an accuracy of 
1 in 10' by using a digltal frequency meter. The voltage var- 
iations across the transducer were observed by using a mi- 
croammeter. Two controls were provided for the purpose of 
sensMty regulation and inltiel adjustment of the "ammeter. 
The interferometer cell was fifled WW the experimental ilquld 
and was connected to the output terminal of the htgbfrequency 
generator through a shielded cable. Water was circulated 
around the measuring cell from a thermostat maintained at 
308.15 * 0.01 K. When the liquid attained the temperature of 
the bath, the microammeter screw was slowly moved till the 
anode cwrent meter showed a maximum. 

For increasing the accuracy of the measurement, several 
such maxima were counted (n) by changlng the distance be- 
tween the transducer and the reflector. The total distance d 
moved by the reflector was used to calculate the wavelength, 
X ,  by the equation d = n X/2. The frequency of the crystal f 
being accuately (1.995 MHz), the sound vekclty, u ,  was 
calculated by the relation u = Xf. The sound velocities are 
accurate to 1 in 1000 m. 

compressibllities were calculated from the relation 
LktmnLu#ondzSwqMe-. Theisentropic 

K ,  = ~ - 2 p - l  (1) 

Table I. Boiling Points and Densities of Pure Components 

bp, K ~ ( 3 0 3 . 1 5  K), g cm-' 

component work lit. (7) work lit. (7) 
present present 

I-propanol 370.15 370.15 0.79560 0.79567 
1-butanol 390.15 390.22 0.802 05 0.802 06 
I-pentanol 411.00 411.10 0.80754 0.80764 
2-propanol 354.85 355.35 0.776 85 0.776 90 
2-methyl-1-propanol 380.94 381.04 0.794 31 0.794 37 
3-methyl-1-butanol 404.35 405.05 0.801 67 0.801 79 
benzonitrile 463.93 464.04 0.9% 19 0.996 28 

where uand p denote the sound velocity and the density of the 
liquid, respectively. 

-d-. B e n z m  (Riedel) was dried over 
freshly fused calcium chloride for 2 days and distilled at at- 
mospheric pressure. 

1-Propend (E. k c k )  was refluxed over i i i  for 5 h and then 
distled through a l-m fractionathg column. The fraction bdling 
at 370.15-370.35 K was collected. 

l-Butanoi (BDH) was refluxed over freshly ignited calcium 
oxide for 4 h. The alcohol was decanted from the lime, refluxed 
with magnesium turnings, and then fractionally distilled. The 
middle fraction which boiled at 390.75 K was collected. 

l-Pentanol (E. Merck) was dried over Drierite and fractionally 
distilled. 

2-Propanol (BDH) was dried first with calcium chloride and 
then with barium oxide and fractionally distilled. 

2-Methyk lgropanol~ was punled by repeated fractional 
distillation through a l-in.-90 plate column. 

3-MethyCl-butand (BDH) was dried with caldwn chloride and 
then purified by careful fractional distillation. 

The purities of the chemicals were checked by comparing 
the values of densities at 303.15 K and boliing points corrected 
to l-atm pressure with those reported in the literature (7) and 
are presented in Table I. 

Reeutls and Dbcumb 

The v a h  of isentropic compressibllities of mixtures and of 
pure components calculated from the measured values of 
sound veladtles and densities were used to calculate the values 
of the parameter AK,, by using the equation 

where K,, K,, ,  and K , ,  are the isentropic compressibilities of 
themlxtueandthepurecomponentsAandB,and@,and@, 
are the volume fractions of components A and 8, respecthrety. 
The values of AK, for the six systems are presented in Table 
I1 and represented in Figures 1 and 2. 

Values of AK, for the six systems are negative over the 
entire range of wrq" in ali of the systems. The negative 
values of AKs in the mixtures of benzonitrile with primary 
straight-chain alcohols fail in the following order: 

l-propanoi > 1-butanol > 1-pentanoi 

The negative values of AKs in the mixtures of benzonitriie with 
the remaining alcohols also fail in the same order: 

2-propanol > 2-methyl-1-propanol > 3-methyl- 1-butanol 
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Table 11. Isentropic Compressibilities of Aliphatic Alcohols with Benzonitrile at 308.15 K 
Ab u,' Ks,d Us: 6Ks,f PI b u,' KSid AKme 6Ks,f  

@A0 g cm-3 ms-l TPa-' TPa-' TPa-' @Aa gem-' m s-' TPa-' TPa'l TPa" 

I I I 1 

- \ \ _i" 

0.0000 
0.1134 
0.3007 
0.4391 
0.5780 
0.7075 
0.8194 
0.9262 
1.0000 

0.0000 
0.1090 
0.2496 
0.3886 
0.5241 
0.6653 
0.7906 
0.9099 
1.0000 

0.0000 
0.1331 
0.1778 
0.2761 
0.3792 
0.4261 
0.4435 
0.5270 
0.5754 
0.6287 
0.7284 
0.8671 
1.0000 

7 - 6 0 -  
n n 
I- - 
Y 
- - 1 0 -  

0 

- 100 

Benzonitrile + 1-Propanol 
0.79190 1171 921 
0.82100 1207 837 
0.85531 1245 754 
0.88294 1274 698 
0.91048 1301 649 
0.93556 1326 608 
0.95765 1346 577 
0.97791 1367 547 
0.99198 1378 531 

Benzonitrile + 1-Butanol 
0.79810 1203 866 
0.82098 1229 806 
0.84898 1257 746 
0.87773 1279 696 
0.90174 1304 652 
0.92804 1328 611 
0.95257 1346 579 
0.97501 1365 550 
0.98198 1378 531 

0.80369 1238 812 
0.82946 1264 756 
0.83799 1269 741 
0.85671 1283 709 
0.87629 1298 677 
0.88508 1304 664 
0.88829 1306 650 
0.90411 1317 637 
0.91311 1323 625 
0.92299 1329 613 
0.94153 1345 587 
0.96725 1361 558 
0.99198 1378 531 

Benzonitrile + 1-Pentanol 

0 e e n z o n i t r i l e  + 1-propanol 

0 1 - pentanol 
- v > I  + 1 - e u t a n o l  

-33 
-49 
-52 
-46 
-37 
- 24 
-12 

- 24 
-37 
-40 
-38 
-32 
-22 
-11 

- 18 
-21 
- 26 
- 29 
- 29 
-28 
- 27 
- 25 
- 22 
- 20 
-10 

+1 
-3 
+1 
+1 
+ 2  
-1 

0 

-1 
0 
0 
0 

+3  
+1 

0 

0 
0 

-1 
+1 
+1 

0 
0 
0 

-1 
+1 

0 

0.0000 
0.1303 
0.2284 
0.2950 
0.4238 
0.5080 
0.6210 
0.7143 
0.7943 
0.8735 
1.0000 

0.0000 
0.1316 
0.2300 
0.3466 
0.4016 
0.5056 
0.6293 
0.6959 
0.8049 
0.8666 
1.0000 

0.0000 
0.1269 
0.2285 
0.3332 
0.4320 
0.5252 
0.5682 
0.5954 
0.7161 
0.8030 
0.8689 
1.0000 

Benzonitrile + 2-Propanol 
0.77276 1102 1066 
0.80250 1149 942 -54 
0.82475 1183 867 -76 
0.83951 1200 827 -81 
0.86779 1237 754 -84 
0.88605 1259 712 -80 
0.89957 1287 671 -68 
0.93016 1311 625 -55 
0.94842 1331 595 -43 
0.96429 1349 570 -28 
0.99198 1378 531 

0.79025 1154 950 
Benzonitrile + 2-Methyl-1-propanol 

0.81768 1191 863 -32 
0.83781 1216 807 -47 
0.86157 1244 749 -56 
0.87263 1256 726 -55 
0.89345 1279 684 -54 
0.91809 1304 640 -46 
0.93131 1321 615 -43 
0.95305 1342 582 -30 
0.96526 1353 566 -21 
0.99198 1378 531 

0.79820 1203 867 
Benzonitrile + 3-Methyl-1-butanol 

0.82276 1229 805 -20 
0.84316 1250 758 -31 
0.86358 1269 719 -36 
0.88264 1286 685 -37 
0.90064 1303 654 -37 
0.90894 1310 641 -35 
0.91366 1314 634 -33 
0.93729 1334 599 -27 
0.95400 1345 580 -20 
0.96662 1359 560 -15 
0.99198 1378 531 

0 
+1 
-1 
+1 
+1 

0 
0 
0 

+1 

0 
0 

+1 
-1 

0 
-1 
+1 

0 
0 

0 
+1 
+1  

0 
+1 
+1 

0 
0 
0 

+1 

Volume fraction of benzonitrile. Density. Sound velocity. Values of K ,  calculated from u and p .  e Values of Us computed 
from 2. s K s  = AKs.exptl - L\Ks,calcd(ep 3). 
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Ftgun 1. Parameter AK,-vdume fractlon curves for (0) lpropanol, 
(V) l-butand, and (0) l-pentanol with benzonltrlle at 308.15 K. 
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Figure 2. Parameter AK,-vdume fraction curves for (0) 2propano1, 
(V) 2-methyl-lpropanol, and (0) 3-methyl-1-butanol with benzonltrlle 
at 308.15 K. 

The dependence of AK, on composition may be represented 
in terms of a power series 

A K S / ( ~ A ~ E )  = bo + b(4A - + b z ( 4 A  - $e)* (3) 

where 6 A and 4 are volume fractions of components A and 
B, and bo,  b , ,  and b ,  are arbitrary constants whose values 
have been obtained by the least-squares principle. Values of 
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Table 111. Standard Deviation ( 0 )  and Values of the Constants in 
Eq 3 at 308.15 Ka 
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these constants are given in Table 111 along with the standard 
deviation, 6, which is obtained by using the equation 

RaO, M. V. P.; N a b ,  P. R. J .  chem. Tlwwmodyn. 1974, 6 ,  1195. 
Reo. M. V. P.; Nab, P. R. J .  Chem. m. 1976, 8, 73. 
Rao, M. V. P.; Nab, P. R. J .  Chem. 7B"dyn. 1976, 8, 96. 
Reddy, K. S.; Naldu, P. R. J .  Chem. -. 1976, 8, 1208. 
Reddy, K. S.; Naldu, P. R. J.  Chem. Thrnnodyn. 1978, IO, 201. 
Reo, M. V. P. Ph.D. Theski, Srl Venkateswara Unlversfty, Tlrupatl. In- 
dla, 1974, Chapter 2. 
Tlmmermens, J. "Physlcochemlcal Constants of Pure Organic 
Compounds"; Elsevler: New York, WS5. 

where n Is the number of results and p is the number of pa- 
rameters in eq 3. Recelved for review August 5. 1981. Accepted Aprll 22, 1982. 

Speed of Sound in Saturated Liquid n-Pentane 

Ma& Chbvez,* Jo+6 Ma. Palach,t and Ricardo Townurat 
Unlversrklad Autonoma Metropolltana, I d p a l a p e ,  Mxico 

Tho spaad olrowl In utur.1.d WquM n-pentrm has 
boom mawrod In the tmnpu.tW0 r m  -70 to 35 OC 
from 7.3 to 12 MHr. Two dmoront method8 wore used, 
and th. ag"d of tho two data is wl#rln the 
e- omor. Theso data were co"d wlth 
avcrilrrM. knrlty data to obtaln the adiabatic 
C o m " k 0 .  

Introduotkn 

M " m e n t s  of the speed of sound offer a convenient 
method for determining certain thermodynamic properties of 
dense fluids not easily obtained by other means. We have 
measured the speed of sound W in saturated liquid n -pentane 
from -70 to 35 O C  udng the (FES) and 
pulsaechooverlep (EO) methads at frequencies from 7.3 to 
12 MHz. The results have been used with the available density 
pe data to obtain isentropic CompressibHity & by means of the 
relation w2 = @&'. 

Exporlmontal Procedure 

The speed of sound was measured by using two different 
methods. The first was the pulse-echo superposition (PES), 
used prevkuely in this laboratory for measurements on trC 
chkr0nuorome;thene ( I )  and descrtbed previously ( 1,2) .  The 
Second tmthod, used w#ely in sdlds ( 3 , 4 ) ,  was the pulaeeh 
overlap (EO) described In detail elsewhere (3, 5). Measure- 
menta were made by using two 1 W z  Xcut  quark crystals. 
The flrstdata set was obtelned by using the PES method where 
the crystals vibrated at their resonant frequencies. In  the 
second data set, obtained with the E O  method, at each tem- 
perature, the crystals were forced to vibrate around two f ra  
q u e " ,  7.3 and 12 MHz,  at which the observed signal on the 

oscilloscope was clearer. The differences in the overlapping 
criteria with these frequencies were always less than 10 Hz in 
the repetition rate frequency. This corresponds to less than 
0.02% in the measured speed of sound. This, together with 
the unCerEahtbs in theacoustlc path length and pulse repewkn 
frequency, sivegan ll"aMy in the maasued speed of somd 
of less than 0.05%, which is comparable with that estlmated 
for the PES method. 

The aample cell made of heavy copper was immersed in a 
hmostated ethanol bath which was controlled wtth a sensMve 
proportlonal temperature regulation. Temperatures were 
measured by using platinkrm resistance themKwnstet calibrated 
on the IPTs68. Ms themmeter was h t e d  in a thermowell 
insidethesampleceHh contact withthe Uquid npentane. The 
temperature could be maintained within f0.006 OC durkrg the 
measurements. The n-pentane used was commercially ob- 
tained from Merck with reported minimum purity of 99.0% and 
probable impuritles of water and sulfur compounds. The n-  
pentane was not further purified except for the degessing 
performed at 25 O C .  At each temperature, the sound speed 
was measured at least twice with some n-pentane being re- 
moved from the sample cell between the measurements. 
Idemtical sound speed observetkns indicated that the hophase 
condttlon existed in the sample cell. 

Results and Dkcurrlon 

The speed of sound for the saturated liquid n-pentane has 
been measured at about 5 OC Intervals from -70 to 35 OC for 
bothdatasets. ThesedataareshowninTaMeI. ForthePEO 
method the data are those obtained with the crystals vtbratlng 
around 12 MHz. The speed of sound data set measured with 
the PES method was fitted to a quadratic equation of the form 

(1) 

where, a b , and c were found by an unweighted least-squares 
method. The coefficients obtained are a = 1126.257, b = 
-4.935006, and c = 0.0016748. Deviations of the two data 

W ( t )  = 8 + bt 4- Ct2 
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