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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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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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Table I. Speed of Sound Wexptl and Derived Values of the 
Isentropic Compressibility ps in Saturated Liquid nPentanC 

0 .  

0 

I I I I I 

floc 
-67.48 
-67.14b 
-61.98 
-61.84b 
-5653 
-56.49 
-5 6.43 
-5 1.09 
-51.03b 
-46.LSb 
-45.90 
-40.76b 
-40.70 
-3550b - 35.49 
-3O.4Ob 
-30.21 
-25.41 
-25 .26b 

-20.13 
-15.Ljb 
-15.11 

-10.26b 
-10.23 
-5 .46b 
-5.29 
-0.72 
-0.58b 

-20.20b 

-10.35b 

4.44b 
5.11 
9.90 

10.15b 
14.98 
15.1gb 
20.04 
20.23b 
25.16 
25 .32b 
30.16b 
30.17 

35.25 
35.22b 

1467.0 
1464.9 
14385 
1437.8 
1410.7 
1410.4 
1410.2 
1382.3 
13825 
1357.7 
1356.1 
1330.4 
1329.9 
1303.6 
1303.3 
1277.8 
1276.7 
1252.6 
1252.0 
1226.0 
1226.2 
1201.4 
1200.9 
1177.5 
1177.0 
1176.6 
1153.2 
1152.1 
1129.5 
1129.0 
1104.2 
1101.0 
1077.4 
1076.5 
1052.5 
1051.9 
1027.8 
1027.1 
1002.9 
1002.4 
978.9 
979.0 
954.6 
95 4.5 

0.009 
-0.014 
-0.004 
-0.002 

0.005 
0.001 
0.006 

-0.036 
0.003 
0.011 

-0.014 
0.013 
0.005 
0.001 

-0.016 
-0.004 
-0.011 
-0.009 
-0.000 
-0.006 
-0.003 
-0.005 
-0.022 

0.003 
-0.010 
-0.029 
-0.003 
-0.031 
-0.029 
-0.012 
-0.013 
-0.010 
-0.012 

0.01 3 
-0.016 

0.021 
-0.020 

0 .OO 3 
-0.022 
-0.003 
-0.009 

0.010 
0.004 
0.010 

706.89 
706.60 
702.17 
702.05 
697.47 
697.43 
697.38 
692.72 
692.67 
688.38 
688.16 
683.60 
683.55 
678.90 
678.89 
674.29 
674.12 
669.75 
669.61 
664.96 
664.89 
660.27 
660.23 
655.77 
655 -68 
655.65 
651.14 
650.98 
646.60 
646.47 
641.62 
640.9 6 
636.28 
636.03 
631.25 
631.04 
626.18 
625.99 
620.99 
620.82 
615.85 
615.84 
61058 
610.55 

0.6573 
0.6595 
0.6882 
0.6890 
0.7205 
0.7208 
0.7211 
0.7555 
0.7553 
0.7880 
0.7902 
0.8265 
0.8272 
0.8668 
0.8672 
0.9083 
0.9101 
0.9516 
0.9528 
1.000 
1 .ooo 
1.049 
1.050 
1.100 
1.101 
1.102 
1.155 
1.157 
1.212 
1.214 
1.278 
1.287 
1.354 
1.357 
1.430 
1.432 
1.512 
1.514 
1.601 
1.603 
1.695 
1.694 
1.797 
1.798 

a Column 3 gives the percent deviation 1OO(WeXpt1 - wc,cd)/ 
Wc&d. Wc&.d from eq 1. b Measured with the PES method. 

sets from eq 1 appear to be random, as indicated in Figure 1, 
and the agreement between the two data sets is within 0.04%. 
The formere indicates the feasibUity of applying the PEO method 
to compressed fluids and also suggests that the frequency 
dispersion between 7 and 12 MHz is not observable. Also 
Flgure 1 seems to indicate that the differences in the results 
obtained by the PES and PEO methods are systematic; for the 
most part, the PEO results are lower than the PES results. This 
might be due to the different measurement criteria used. In 
the PES method there is a physical superposition of the pulse 
and all its echoes in-phase condition that is observed on an 

0041 

0 02 I 0 

oscilloscope as a maximum increase in the amplitude of the 
leading oscillations of the pubecho train. On the other hand, 
in the PEO there is an overlapping of only any pair of pulse 
echoes in a train (Le., pulse and any echo or any two echoes) 
which is a virtual superposition accomplished with a two- 
channel “strobe” (see ref 7-5 for detalis). However because 
of the estimated uncertainties and lack of sufficient evidence, 
we cannot give a definite conclusbn about the systematic dif- 
ferences. The only published data of the speed of sound in 
n-pentane seem to be those of Otpushchennikov et ai. (6), but 
they were unavailable for comparison at the time of writing this 
report. Qualitatively, the data as a function of temperature 
show in this region a positive curvature as was observed for 
Freon (1) and different from those of methane (7) and ethane 
(8). The measured speed of sound data have been combined 
with the orthobaric densities represented by the modified 
Rackett equatkm reported by Spencer and AUer (9) to calculate 
adiabatic compressibilitles. These are also shown in Table I. 
The uncertainty in os is estimated at about f0.3% due to the 
combined uncertainty in the measured sound speed and the 
average devlatlon of 0.2% in the density reported by Spencer 
and Adler (9). 

Literature Cited 

(1) W v e z ,  M.; T s m ,  R.; del Rb, F. J .  Chem. Eng. Data 1011,26, 1. 
(2) Straw, G. C.; Younglove, B. A. J. Chem. 7h“&n. 107S, 5, 305. 

(4) Chun~, D. H.: SwVersmith, D. J. Rev. Sd. Insbum.  1080, 40. 718. 
(5) Papadakls, E. P. Rev. &I. Instrum. 1978, 47, 806. 
(6) Otpuehchennlkov, N. F.; Kir’yakov, B. S.; Panin, P. P. K m k ,  Qs. 

P&gog. Inst. K m k ,  USSR IN. vyssh. ucheb. zawd., Nen Qaz 

(7) straw, ci. c. CWCWIGS 1074, 14, 387. 
(8) Tswnura, R.; Straw, G. C. CIYOQN?~~ 1077, 17, 105. 
(0) Spancer, C. F.; A&, S. B. J. Chem. Eng. Data 1078, 23. 82. 

(3) PapadakiS, E. P.; J.  A m t .  Soc. Am. 1087, 42, 1045. 

1074, 17, 73. 

Received for revlew July 24, 1981. Accepted Aprll5, 1982. Thls work was 
supported by CONACYT (Wxico) project PCCBBNA-005263. 


