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Thermophysical Properties of Quinoline as a 
Function of Temperature (303-503 K) and 
Pressure (0.1-400 MPa) 
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Measured and derived thermophysical properties of quinoline are reported for 
pressures up to 400 MPa at temperatures from 303 to 503 K. The specific 
volume at 353 K was determined from the specific volume at atmospheric 
pressure measured by pycnometry and from isothermal compressibilities 
measured as a function of pressure up to 400 MPa. Specific volumes, isothermal 
compressibilities, thermal coefficients of pressure, and isobaric and isochoric 
heat capacities at pressures up to 400 MPa are derived at several temperatures. 
The effects of pressure on the isobaric heat capacity of quinoline, a weakly self- 
associated liquid, are discussed and compared with the pressure effects on heat 
capacities of n-hexane and m-cresol. 
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1. I N T R O D U C T I O N  

As part of an effort to establish sets of reliable thermophysical data for 
various liquids over large ranges of temperature and pressure, the present 
paper reports data for liquid quinoline. Previous papers presented data for 
n-hexane [ 1 ], an example of a liquid without strong specific intermolecular 
interactions, and for m-cresol [2], a self-associated liquid. Quinoline is 
only weakly self-associated, but forms strong complexes with acids such as 
m-cresol [3, and references therein]. Quinoline is an important component 
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of the basic fraction of coal liquids and a key nitrogen-containing com- 
pound in heavy petroleum, shale oil and tar sands. One of the problems in 
upgrading these alternate fuels is removal of organic nitrogen [4, and 
references therein]. The nitrogen-containing compounds are a potential 
source of useful materials if they could be readily separated. Accurate data 
on the thermophysical properties of quinoline may be useful in developing 
cost-effective methods for such processes. Recent efforts to collect ther- 
modynamic data on quinoline have mostly been studies of thermodynamic 
properties as a function of temperature under saturation conditions or 
under only slightly elevated pressures. The saturated vapor pressures 
[4-10],  densities under normal or saturated vapor pressures [4, 11-13], 
heat of combustion [4, 14], isobaric heat capacities, enthalpies, and 
derived thermodynamic functions for the solid and liquid phases of 
quinoline have been reported [4, 15, 16]. Ideal-gas thermodynamic proper- 
ties have also been reported for quinoline [4]. 

This study presents results of measurements of isobaric thermal expan- 
sivities of quinoline measured from 303.15 to 503.15 K under pressures up 
to 400 MPa and of specific volumes measured as a function of pressure up 
to 400 MPa at 353.15 K. Specific volumes, isothermal compressibilities, 
temperature coefficients of pressure, and isobaric and isochoric heat 
capacities for the pressure range up to 400 MPa are derived from these 
data and from literature data on the isobaric heat capacity at atmospheric 
or saturation vapor pressure. The pressure effects on the heat capacity of 
quinoline are emphasized in the present study and compared with pressure 
effects on the heat capacity of n-hexane and m-cresol. 

2. EXPERIMENTS 

Measurements of thermal expansivities were made by stepwise 
pressure-scanning with an instrument previously described [ 17 ]. 
Calorimetric determination of thermal expansivities is based on the relation 

ct - % , s s  = - k I / (  T Ap) (1) 

where k(MPa.  V - ~ • s - 1) is a temperature-dependent calibration constant 
as given in a previous paper [17], I(V.s)  is the time integral of the 
calorimetric signal (heat rate) resulting from the calorimeter response to 
the pressure step Ap(MPa) performed under quasi-isothermal conditions, 
0tp.ss(5.1 X 10-SK -~) is the thermal expansivity of the stainless steel of the 
calorimeter vessel, and T(K) is the absolute temperature. 

To prevent sorption of moisture, the quinoline was kept under argon, 
transferred with a syringe, and immediately injected into the calorimetric 
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vessel, which was rapidly closed with a cone and cone-retaining gland in 
such a way that no vapor space was present. After pressurizing to the 
highest pressure, the system was allowed to equilibrate thermally and 
mechanically for a few hours before measurements began. Measurements 
were made with decreasing pressure. 

Measurements of the specific volume of quinoline as a function of 
pressure were done with the calorimeter pressure generator as previously 
described [17]. The measurements reported in this study were made with 
an instrument built in Warsaw [ 18]. The pressure generator in this instru- 
ment is driven with a stepping motor and automatically records pressure 
and the number of motor steps. The rate of volume change was kept small 
( ~ 1 × 10-4cm3. s -  1) tO make the effect of the heat of compression on the 
pressure readings negligible. Occasionally the program was stopped to 
verify that the measuring system was at thermal and mechanical equi- 
librium. Calibration of the pressure generating system for the volume 
measurements was done with n-hexane for which the volume at these 
pressure and temperature conditions is believed to be accurate to better 
than +0.2% [1]. The static calibration found was (5.838___0.014)x 
10-6cm 3 per motor sep. The full-scale resolution in the measurements of 
compressibilites by counting the number of motor steps was +2  ppm 
[16]. 

The specific volume of quinoline at 353.15 K under atmospheric 
pressure was measured with a pycnometer calibrated with water. The preci- 
sion of the volume measurements under atmospheric pressure was + 0.2%. 

The quinoline used in this study was obtained from Aldrich, 
#25,401.0,99 + %, used without further purification. 

3. RESULTS 

3.1. Isobaric Coefficient of Thermal Expansion, ap 

Isobaric thermal expansivities measured at 303.15, 353.15, 403.15, 
453.15, and 503.15 K are given in Table I. Pressure values given in Table 
I are the mean pressures at the beginning and end of a pressure step. The 
end values were measured at the end of the thermogram, after thermal and 
mechanical equilibrium was reestablished. Each ending pressure became 
the beginning pressure for the next step. The isothermal solid-liquid trans- 
ition was observed at 303.15 K as large changes in 0% values, above about 
160 MPa. Values obtained with both phases present are equal to a 
weighted sum of the thermal expansivities of solid and liquid quinoline plus 
the entropy change of the phase transition. The entropy change of the 
phase transition is the largest term in the sum. 



408 Randzio, Eatough, Lewis, and Hansen 

Table I. Results of Pressure-Scanning Calorimetric Measurements of Isobaric Thermal 
Expansivity of Quinoline 

p zip" o~p p Ap % 
(MPa) (MPa) (10 -4 K -*) (MPa) (MPa) (10 -4 K - I )  

T =  303.15 K 

342.9 18.06 4.91 +0.18 223.6 7.86 12.73 +0.51 
324.5 18.75 5.58 ___ 0.20 206.0 27.47 10.54 +__ 0.30 
301.2 27.92 8.09 ___ 0.25 178.3 27.92 5.37 ___ 0.18, 
277.4 1 9 . 7 2  13.90+0.41 127.1 27.99 5.46+0.18 
257.7 19.72 27.63 _ 0.77 76.72 22.48 6.09 +__ 0.20 
243.3 9.10 61.33 + 2.16 51.5 27.99 6.46 _ 0.21 
232.6 10.20 61.23+2.05 28.4 1 8 . 1 3  6.64+__0.23 

T =  353.15 K 

236.7 25.79 4.74 _ 0.10 86.1 19.58 6.06 + 0.13 
210.4 26.89 4.95 + 0.11 65.8 20.82 6.45 + 0.13 
181.6 30.61 5.17 +0.11 45.6 19.58 6.92 +0.14 
153.8 24.96 5.49 + 0.11 27.2 17.24 7.23 + 0.15 
129.7 23.30 5.54 -t- 0.12 10.2 16.89 7.64 _ 0.16 
106.7 21.72 5.73 _ 0.12 

T--403.15 K 

315.4 23.51 4.18 _ 0.10 120.0 25.03 5.58 +__ 0.11 
262,1 29.92 4.39 ___ 0.10 96.1 22.68 5.83 + 0.12 
233.0 28.27 4.50 ___ 0. I 0 74.6 20.83 6.10 __+ 0.13 
198,7 27.44 4.89 +__ 0.10 53.2 22.48 6.79 ___ 0.13 
172,3 25.30 5.08 -t-0.11 31.3 21.30 7.03 + 0.14 
146.1 27.17 5.26 +__0.11 10.8 19.86 7.58 +0.15 

T =  453.15 K 

319.5 19.93 4.01 +0.13 181.9 25.92 4.74+0.13 
296.8 25.51 4.00 +__ 0.12 153.4 31.03 5.04 _ 0,13 
272.4 26.06 4.15 + 0.12 123.5 28.82 5.31 +__ 0,14 
259.4 27.72 4.19 +0.12 94.8 28.61 5.82 + 0,15 
245.5 27.72 4.25 ___ 0.12 67.8 25.30 6.38 ___ 0,16 
234.8 25.92 4.20 + 0.12 42.4 25.58 6.97 ___ 0.17 
208.5 26.82 4.46 +__ 0.13 19.2 20.20 7.87 + 0.20 

T =  503.15 K 

323.6 21.72 3.63 _ 0.14 126.5 24.82 5.14 + 0.17 
300.7 24.20 3.73 __. 0.14 102.2 23.10 5.68 + 0.18 
251.6 24.82 3.84 ___ 0.14 79.9 21.30 6.19 ___ 0.20 
225.6 27.16 4.06 + 0.14 58.3 22.06 6.77 + 0.21 
200.4 23.17 4.37 -t- 0.15 31.3 21.44 7.70 + 0.23 
176.9 23.86 4.51 + 0.16 13.4 14.41 8.24 + 0.27 
152.0 26.06 4.72 + 0.16 

"See Eq. (1). 
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The accuracy limits given in Table I are the estimated maximal errors 
determined from uncertainties in the measured pressures (+0.14  MPa), 
integrals (I in Eq. (1), + 0.2%), temperature (+0.1 K), %,ss( + 10%), and 
calibration constant (k in Eq. (1), from + 0.4 to 1.7% depending on tem- 
perature [ 17 ] ). 

The results on the liquid phase were fitted by least squares to Eqs. 
(2)-(4) 

tXp(p, T) = [a(T)][b(T) + p ]  -0.5 (2) 

where 

and 

a( T) = a o + a  I T + a2 T2 (3) 

b(T) = a o + a  I T+a2T 2 (4) 

with the resulting coefficients given in Table II with pressure expressed in 
MPa and temperature in kelvins. The standard deviation of the difference 
between the experimental data points and the values calculated from Eqs. 
(2)-(4) is + 1.9% and the errors are randomly distributed. Calculated o% 
values at 353.15, 403.15, 453.15, and 503.15 K as well as part of the 
experimental data at 303.15 K are presented in Fig. 1. The estimated uncer- 
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Fig. 1. Isobaric thermal expansivity (mr,) of quinoline calculated with Eqs. (2)-(4) 
at 353.15 to 503.15 K and with Eq. (l) at 303.15 K. 
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tainty in the calculated ap values is + 0.7%. The unique crossing point of 
the isotherms of the isobaric thermal expansivity of quinoline at 60 + 0.4 
MPa demonstrates a behaviour closer to that of n-hexane [1] than of 
m-cresol [2]. However, the temperature dependence of the thermal expan- 
sivity of quinoline at high pressures is larger than that for n-hexane at the 
same temperatures. 

3.2. Specific Volume, v(p, T) 

The specific volumes of liquid quinoline measured at 353.15 K and at 
various pressures are given in Table III, column 2. The data in column 2 
are derived from pycnometric measurements at atmospheric pressure and 
compressibility measurements as a function of pressure. Note that 
experimental measurements of compressibility were made only at 353.15 K. 
Equation (5) was fitted to the specific volume data at 353.15 K by the 
least-squares method, 

t)( T R , p) = v0{ 1 - C In[ (B + p)/(B + 0.1013)] } (5) 

with p expressed in MPa, v o=0.9541 cm 3.g- l ,B=126.649,  and 
C=0.086219. The standard deviation of the differences between the 
experimental data points and values calculated from Eq. (5) is 0.003%, 
with the deviations being randomly distributed. T R = 353.15 K was taken 
as the reference temperature and V(TR, p) as the reference volume isotherm 
for derivation of futher thermodynamic quantities for the liquid phase of 
quinoline. 

The specific volumes of liquid quinoline from standard atmospheric 
pressure (0.01013 MPa) up to 400 MPa and from 353.15 to 503.15 K were 
obtained from Eq. (6) with thermal expansivities from Eqs. (2)-(4) and the 
specific volume isotherm at 353.15 K from Eq. (5), 

v(T,p)=V(TR, p) exp % d r  (6) 
rR 

The saturation vapor pressure (Ps) from 353.15 to 503.15 K was obtained 
by least-squares fit of Eq. (7) to vapor pressure data in Refs. 4, 6-8, 

p =exp(ao+alT -1 +a,_T+a3T 2) (7) 

The values of the coefficients giving Ps in MPa are given in Table II. The 
standard deviation of the differences between the experimental data points 
and the values calculated from Eq. (7) is + 0.4%, with the deviations being 
randomly distributed. Specific volumes calculated at three temperatures are 
given in Table III, columns 3-5. 
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Table III. Specific Volume { 1000 m 3. kg-  i) of Liquid Quinoline 

T(K) 

p (MPa) 353.15 403.15 453.15 503.15 

Ps 0.9541 0.9925 1.0346 1.0820 
10 0.9479 0.9846 1.0243 1.0681 
20 0.9421 0.9773 1.0149 1.0556 
30 0.9367 0.9705 1.0063 1.0445 
40 0.9316 0.9641 0.9984 1.0344 
50 0.9268 0.9582 0.9910 1.0253 
60 0.9223 0.9527 0.9842 1.0168 
70 0.9180 0.9474 0.9778 1.0090 
80 0.9139 0.9425 0.9718 1.0017 
90 0.9100 0.9378 0.9662 0.9949 

100 0.9063 0.9333 0.9609 0.9886 
110 0.9027 0.9291 0.9558 0.9826 
120 0.8993 0.9250 0.9510 0.9769 
130 0.8961 0.9212 0.9464 0.9716 
140 0.8929 0.9175 0.9421 0.9665 
150 0.8899 0.9139 0.9379 0.9616 
160 0.8870 0.9105 0.9339 0.9570 
170 0.8841 0.9072 0.9301 0.9526 
180 0.8814 0.9040 0.9264 0.9483 
190 0.8788 0.9009 0.9228 0.9443 
200 0.8762 0.8979 0.9194 0.9404 
210 0.8737 0.8951 0.9161 0.9366 
220 0.8713 0.8923 0.9130 0.9330 
230 0.8690 0.8896 0.9099 0.9295 
240 0.8667 0.8870 0.9069 0.9261 
250 0.8645 0.8844 0.9040 0.9229 
260 0.8624 0.8820 0.9012 0.9197 
270 0.8603 0.8796 0.8985 0.9167 
280 0.8582 0.8772 0.8958 0.9137 
290 0.8562 0.8750 0.8933 0.9108 
300 0.8543 0.8727 0.8908 0.9081 
310 0.8524 0.8706 0.8884 0.9053 
320 0.8505 0.8685 0.8860 0.9027 
330 0.8487 0.8664 0.8837 0.9001 
340 0.8469 0.8644 0.8814 0.8976 
350 0.8451 0.8624 0.8792 0.8952 
360 0.8434 0.8605 0.8771 0.8928 
370 0.8418 0.8586 0.8750 0.8905 
380 0.8401 0.8568 0.8729 0.8883 
390 0.8385 0.8550 0.8709 0.8561 
400 0.8369 0.8532 0.8690 0.8839 
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Table IV. Coefficients B and C of the Tait Eq. (8) for Quinoline 

413 

Average 
T B SD deviation 

(K) (MPa) C (%) (%) 

353.15 126.649 0.086219 0.00 0.000 
403.15 106.135 0.089959 0.01 0.001 
453.15 86.021 0.092632 0.01 0.002 
503.15 66.242 0.094064 0.02 0.002 

3.3. Coefficient of  Isothermal Compressibility, K T 

Isothermal compressibilities were calculated with a form of the Tait 
equation, Eq. (8), at selected temperatures from 353.15 to 503.15 K at 
pressures from the saturated vapor pressure up to 400 MPa. 

•T = C/{ (B + p){ 1 -- C ln[ (B + p)/(B + Ps)]} } (8) 

Table IV gives the values of the coefficients B and C obtained by fitting the 
specific volume data in Table III. Table IV also gives standard and average 
deviations of the differences between the specific volumes derived with Eqs. 
(5) and (6) and the volumes obtained with the Tait equation at each tern- 
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Fig. 2. Isothermal compressibility (XT) of liquid quinoline calculated with Eq. (8). 
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perature. A graphic presentation of isothermal compressibilities at selected 
temperatures is given in Fig. 2. 

3.4. Thermal Coefficient of Pressure, (ap/~T), 
The thermal coefficient of pressure of liquid quinoline at selected tem- 

peratures from 353.15 to 503.15 K at pressures from the saturated vapor 
pressure up to 400 MPa was calculated with Eq. (9), 

(Op/OT)v = 0f-p/'¢ T ( 9 )  

A graphic presentation of selected isotherms is given in Fig. 3. Numerical 
values for (Op/OT),, can be obtained from values for % from Eqs. (2)-(4) 
and values for ~"T from Eq. (8). 

3.5. Specific Isobaric Heat Capacity 

The effects of pressure on the specific isobaric heat capacity of liquid 
quinoline at selected temperatures were calculated with Eq. (10), 

A~o Clp.T(p) = -- T v(p, T)roL~, + (~otp/aT)p] dp 
o 

(10) 
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Thermal coefficient of pressure (Op/OT)v of liquid quinoline calculated with 
Eq. (9). 
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Table V. Pressure Effects on Isobaric Specific Heat Capacity of Liquid Quinoline, 
zlP 0 C~.T(p), in kJ. K - I .  kg- t  

415 

T(K) 

p (MPa) 353.15 403.15 453.15 503.15 

10 -0.004 -0.005 -0.008 -0.015 
20 -0.007 -0.010 -0.014 -0.026 
30 -0.010 -0.013 -0.019 -0.034 
40 -0.012 -0.016 -0.023 -0.039 
50 -0.014 -0.019 -0.026 -0.043 
60 -0.016 --0.021 -0.028 --0.045 
70 -0.018 -0.022 --0.030 --0.047 
80 -0.019 -0.024 -0.031 -0.048 
90 -0.020 -0.025 -0.032 --0.048 

100 --0.022 -0.026 -0.032 -0.048 
I10 -0.022 -0.026 -0.032 -0.048 
120 -0.023 -0.027 -0.032 -0.047 
130 -0.024 -0.027 -0.032 -0.046 
140 -0.024 -0.027 --0.032 --0.045 
150 --0.025 --0.027 --0.031 -0.043 
160 -0.025 -0.027 -0.031 -0.042 
170 -0.026 -0.027 --0.030 --0.040 
180 --0.026 -0.027 -0.029 --0.038 
190 -0.026 -0.027 -0.028 -0.036 
200 -0.026 -0.026 --0.027 -0.034 
210 -0.026 -0.026 -0.026 --0.032 
220 -0.026 --0.026 -0.025 -0.030 
230 -0.026 --0.025 --0.024 -0.028 
240 -0.026 -0.025 -0.023 -0.026 
250 -0.026 -0.024 -0.022 --0.024 
260 --0.026 -0.024 -0.020 -0.022 
270 -0.026 -0.023 -0.019 -0.019 
280 -0.025 --0.022 -0.018 --0.017 
290 --0.025 --0.022 -0.016 -0.015 
300 --0.025 --0.021 -0.015 -0.013 
310 -0.025 -0.020 -0.014 -0.010 
320 -0.024 -0.019 -0.012 --0.008 
330 --0.024 -0.019 -0.011 -0.006 
340 --0.024 -0.018 -0.009 --0.004 
350 -0.023 -0.017 -0.008 --0.001 
360 -0.023 -0.016 -0.006 0.001 
370 --0.023 --0.015 --0.005 0.003 
380 --0.022 --0.014 -0.004 0.005 
390 --0.022 --0.014 --0.002 0.008 
400 --0.021 -0.013 --0.001 0.010 
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Standard atmospheric pressure, P0 = 0.1013 MPa, was taken as the lower 
limit of integration instead of the saturation pressure Ps, because the high- 
temperature limit of the experimental data, 503.15 K, is below the boiling 
temperature of quinoline, 511.2 K [19]. The correction for this difference 
is negligible. Values of v(p, T) were calculated with Eqs. (5) and (6), 0Cp 
values with Eqs. (2)-(4), and (a0cp/aT)p values with the derivative of Eqs. 
(2)-(4). dPpoCIp, T(p) values were then obtained by numerical integration. 
The results of the calculations are given in Table V. 

The specific isobaric heat capacity of liquid quinoline as a function of 
p and T can be calculated with the thermodynamic relation in Eq. (11), 

p I C'p(p, T)= C~,p + Zip Cp(p, T) (11) 

where C~.ps is the specific isobaric heat capacity of liquid quinoline at the 
pressure of the saturated vapor. Values of CJp.,,, were obtained from Steele 
et al. [4] and fitted by the least-squares method to Eq. (12), 

CIp, p,(T) = a o  + a l  g- l -azg2- l -a3g  3 (12) 

where g = 7"/100, and the coefficients obtained are given in Table II. The 
standard deviation of the differences between the values obtained from Eq. 
(12) and the literature data is +0.06% and the deviations are randomly 
distributed. The specific isobaric heat capacities derived with Eqs. (11) and 
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Isobaric specific heat capacity of liquid quinoline calculated with Eqs. ( I l ) 
and (12). Vertical arrow points indicate minima. 
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(12) for pressures up to 400 MPa and at 353.15, 403.15, 453.15, and 503.15 
K are given in Fig. 4. 

3.6. Specific Isochoric Heat Capacity, Clv 

The specific isochoric heat capacity of liquid quinoline at selected tem- 
peratures as a function of pressure up to 400 MPa was calculated with 
Eq. (13), 

= ( 1 3 )  

Values for Clp were derived from data in Table V and Eqs. (11) and (12); 
values for v were from Table III, as calculated with Eqs. (5) and (6); values 
for % were calculated with Eqs. (2)-(4); and values vor K-r with Eq. (8). 
The resulting values of C~v are presented in Table VI. 

3.7. Error Analysis 

Estimation of the accuracy of the computed values presented in this 
paper is made difficult by the necessary sequences of fitting, integrating, 
and differentiating. Thus, an empirical approach has been taken by deter- 
mining the effect on the calculated values of shifting the input experimental 
data by a fixed percentage. The results show that the error in the calculated 
value is proportional to the error in the input data, i.e., there is no signifi- 
cant error amplification by the calculation procedures used in this study 
[20]. The estimated uncertainties in the data in Tables III, V, and VI are 
indicated by the number of significant digits listed. 

4. DISCUSSION 

The present volume data obtained at atmospheric pressure can be 
compared with the data of Steele et al. [4]. The specific volume of 
quinoline measured at 353.15 K differs by -0.28% from the value derived 
from Steele's equation at this temperature. A plot of the difference between 
data under atmospheric pressure calculated from Eqs. (5) and (6) and the 
data of Steele et al. [4] under saturation pressure (presented only as a 
fitted equation) from 303 to 423 K is given in Fig. 5. The mean of the 
volume deviations shown in Fig. 5 is -0.27%. The root-mean-square error 
between the experimental data points and the fitting equation of Steele et 
al. [4] as reported by the athors is +0.27%. There are no literature data 
for comparison with the high-pressure data for the isobaric thermal expan- 
sivities and volumes. 
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Table VI. Specific Isochorie Heat Capacity of Liquid Quinoline, CIv, in kJ. K - t. kg-  

T(K) 

p (MPa) 353.15 403.15 453.15 503.15 

Ps 1.667 1.812 1.954 2.091 
10 1.663 1.806 1.946 2.075 
20 1.660 1.802 1.940 2.065 
30 1.657 1.798 1.935 2.057 
40 1.655 1.795 1.931 2.052 
50 1.653 1.793 1.928 2.048 
60 1.651 1.791 1.926 2.045 
70 1.649 1.789 1.924 2.044 
80 1.648 1.788 1.923 2.043 
90 1.647 1.787 1.922 2.042 

100 1.646 1.786 1.922 2.043 
110 1.645 1.785 1.922 2.043 
120 1.644 1.785 1.922 2.044 
130 1.643 1.785 1.922 2.045 
140 1.643 1.784 1.922 2.046 
150 1.642 1.784 1.923 2.048 
160 1.642 1.784 1.923 2.049 
170 1.642 1.784 1.924 2.051 
180 1.641 1.785 1.925 2.053 
190 1.641 1.785 1.926 2.055 
200 1.641 1.785 1.927 2.057 
210 1.641 1.785 1.928 2.059 
220 1.641 1.786 1.929 2.061 
230 1.641 1.786 1.930 2.063 
240 1.641 1.787 1.931 2.065 
250 1.641 1.787 1.932 2.067 
260 1.641 1.788 1.934 2.069 
270 1.642 1.789 1.935 2.071 
280 1.642 1.789 1.936 2.074 
290 1.642 1.790 1.938 2.076 
300 1.642 1.791 1.939 2.078 
310 1.642 1.792 1.940 2.080 
320 1.643 1.792 1.942 2.083 
330 1.643 1.793 1.943 2.085 
340 1.643 1.794 1.945 2.087 
350 1.644 1.795 1.946 2.089 
360 1.644 1.795 1.948 2.092 
370 1.644 1.796 1.949 2.094 
380 1.645 1.797 1.950 2.096 
390 1.645 1.798 1.952 2.098 
400 1.646 1.799 1.953 2.101 
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Fig. 5. The difference between our data and data from Steele et al. [4] for specific 
volumes and isobaric thermal expansivities for liquid quinoline at atmospheric 
pressure. 

A comparison of isobaric thermal expansivities obtained form Eqs. 
(2)-(4) under atmospheric pressure and thermal expansivities obtained 
from the equation for liquid densities under saturation pressure from Steele 
et al. [4] over the temperature interval from 303 to 423 K is given in Fig. 
5. The agreement is surprisingly good, better than the claimed precision 
( +_ 2%) of our experimental method [ 17]. 

The behavior of the isobaric thermal expansivity (see Fig. 1) and 
isobaric heat capacity (see Fig. 4) of liquid quinoline as a function of 
pressure at various temperatures can be compared with the behavior of 
n-hexane, a model nonassociated liquid [ 1 ], and of m-cresol, an associated 
liquid [2]. The thermal expansivity of quinoline behaves more like that of 
n-hexane. Both quinoline and n-hexane show a nearly unique crossing 
point in the isotherms, while m-cresol does not. At 60 + 0.4 MPa for liquid 
quinoline ~p = (6.50_ 0.02)x 10-4K -1 over the whole temperature range 
under study. However, the temperature dependence of ~p is greater at high 
pressures and lower at low pressures for quinoline than for n-hexane. Also, 
% for quinoline is significantly smaller than 0% for n-hexane. Thus, Ootp/OT 
is closer to the value of 0% itself in quinoline than in n-hexane and this 
numerical fact is reflected in differences in the shapes of the isotherms for 

p 1 ApsCp.r(p) [see Eq. (10) and Fig. 6] for quinoline and n-hexane. Because 
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Isothermal pressure increments of isobaric beat capacity of liquid quinoline 
calculated with Eq. (10). 

Oo~p/OT changes sign at the crossing point, P Ap~ Cp.T(p) for quinoline exhibits 
a minimum which moves to higher pressures as the temperature decreases. 

In exhibiting a minimum at all the temperatures covered in this study, 
the heat capacity of quinoline (see Fig. 4) also behaves more like that for 
n-hexane than like that for m-cresol. However, the trend with temperature 
of the pressure at the minimum in the isotherms of the heat capacity is 
opposite for quinoline and n-hexane. For n-hexane the minima appear at 
higher pressures as the temperature is increased. For quinoline the mini- 
mum shifts to lower pressures as the temperature is increased. 

Isotherms of the difference between isobaric and isochoric molar heat 
capacities of liquid quinoline (see Fig. 7) behave more like the isotherms of 
n-hexane than of m-cresol, although there is no unique crossing point as 
was observed for liquid n-hexane. The crossing of the isotherms for 
quinoline moves to higher pressures as the temperature decreases. 

The differences between quinoline and n-hexane can be explained by 
assuming that quinoline is weakly associated. The heat capacities are thus 
the sum of the isobaric heat capacity of unassociated liquid quinoline and 
a contribution from the enthalpy of association resulting from a shift in the 
self-association equilibrium. This conclusion is in accord with previous 
results on the heat of dilution of quinoline in decane at 298.15 K [ 3] that 
showed quinoline to be weakly self-associated. 
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Differences in the thermodynamic functions between quinoline and 
m-cresol are a result of the much stronger self-association of m-cresol. The 
difference in the effects of self-association on the specific isobaric heat 
capacities of m-cresol and quinoline is shown in Fig. 8 as an example. 

This study provides another set of data that can be used to test predic- 
tions of associated liquid models over wide ranges of temperature and 
pressure. 
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