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ABSTRACT

By combining the van der Waals’ equation of state and the Fregh_&hgory of Jacobson, a
new theoretical model is developed for the prediction of internalpre of pure liquids and liquid
mixtures. It requires only the molar volume data in addition to the edheat capacities and critical
temperature. The proposed model is simple, reliably accurate anblecagapredicting internal
pressure of pure liquids with an average absolute deviation of 4.248% imedicted internal pressure
values compared to those given in literature. The average abdeli#tion in the predicted internal
pressure values through the proposed model for the five binary liquidrasxtested varies from
0.29% to 1.9% when compared to those of literature values.
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1. INTRODUTION

The importance of internal pressure in understanding the propertigsiidsland the
full potential of internal pressure as a structural probe did becapparent with the
pioneering work of Hildebrarid? and the first review of the subject by Rich&rdppeared in
1925. In an excellent article Ddckeviewed the importance of solvent internal pressure and
cohesion to solution phenomena. A review on the relationship between threoietrlar
forces and properties of solution was made by Kottum

Bartorf discussed the relationship between internal pressure and molar vislume
some depth. Pointing out that internal pressure is a uniquely importamineiar in
sonochemistry, Srivastava and Berkowitteveloped an expression, which permits the
evaluation of internal pressure from readily available and easi§surable quantities. In this
work a simple equation is proposed by incorporating the Free Length Tofedagobsoh’
and van der Waals’ equation of state; the proposed model is a purdigtipeetool for
predicting internal pressure of liquids and liquid mixtures. Computethaitpressure values
for liquids and liquid mixtures through the proposed equation are compatedhoge of
literature.
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2. PREVIOUSWORK

Starting from the van der Waals equation of state
P + (a/\f) = RT/ (V-b)

With P = pressure

V = molar volume

R = universal gas constant

T = temperature
a and b = van der Waals’ constants,
Srivastava and Berkowitarrived at

u’p = (Lb/RT)x’ (1)

where u = ultrasonic velocity
p = density

YL = ratio of heat capacities of liquid

And = internal pressure
Replacing b, in terms of M and in egn. [1] they obtained an expression for internal pressure
of a liquid:

m = up IMY% )

Where M = molar mass of liquid

Present Work
1. Estimation of Internal Pressure using the Srivastava — Berkowitz equation
Having fitted the experimentaj, u andp values in Eqn. (2), Srivastava and Berkowitz
obtained the constant (k) values for a few families of organic compotuihdsreported dg
(known as Srivastava and Berkowitz constant) values directly mieldlues in atmospheres,
provided u ang are in c.g.s. system of units. When one is to use Sl system of units.

T = up / 10 kg M*? (in atm) 3)
or m = 10°x 101.325[p / (10 kg MYA]  (in Pa) (4)

2. Internal Pressure from u,andyL
Consider Eqgn. (1)

Uzp = (Y|_ b/ RT)TEiZ
Approximating that b M / 4p and simplifying, Egn. (1) becomes

m = 2p (RTY2/ (L M)*?
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This can be shown to be equal to

m = (1/555.613) (pi/ M¥2) (T /7 )2
e, m =(1.7998 x 10) (up / M*?) (T /")**  (in atm) (5)

or m =182.3656 (p/ MY?) (T /7 )"? (in Pa) (6)

(Note u ang are in Sl units)

Egns. (5) and (6) are useful in predicting internal pressures wh&alles are not available

and when up andyL are known, Eqn. (5) and (6) descrikg i termsyL and T. For example

from Egn. (5) one can show that
ksg in Sl units = 555.613,(/ T)? )

3. New Model Development

Wp=(Lb/RT)n? (1)
This is the starting point for developing a new expression here. It can be written as
m =W (Lb/RT)" (8)
Jacobsondefinition for free length is
L = 2V4/Y (9)
where \4= available molar volume =V —V
V = molar volume at a given temperature
Vo = molar volume at absolute zero temperature go K)
and Y = molar surface area of the molecules z8&?)*

According to Jacobson’s free length theory, free lengtand adiabatic
compressibility (= 1/ lfp ) are related by

Lf / Bl/Z — (uZp)UZLf — l-'pl/Z Lf =K (10)
K, in Eqn. (10) is the Jacobson constant and it is temperature dependdatirRel; in
Egn.(10) by molar volumes and molar surface area of the molecytes Bgn. (9), Eqn. (10)
can be written as
up?=KY/2V, (11)
In the light of Egn. (11), Egn. (8) turns out to
m =KY/2V,(Lb/RT)? (12)

Approximating that
b=V/4 (13)
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Egn. (12) reduces to

i = KY 2V, V2 0L ARTM= K Y 1 2V,VY%Kkeps,  (inkg/ md) (14)

With ksgsi = 'L/ 4RT)¥2 | (in (kgmol / kg§? s / m)
It can be shown that
ksss = 555.613 (L/T)', (in (kg kgmol}’? / s atm)

=10 kg
Egn. (14) is the new equation proposed in this work for the estimationeohahtpressure
from pure component properties, particularly, from molar volumes. Awetkrithe new
equation is the result of a combination of the van der Waals’ equatistatefand the Free
Length Theory of Jacobsbri

The various quantities required to use Eqn. (14) are described below
K =KJx 10 (mkg)'¥s
K,= Jacobson’s constant in igA°) / m%s = 18687 + 40.391 t (°C) (Reference 10)
Y =@&NVH)R= [36r (6.023 x 16%]13v 2
= 4.084 x 1DV*?, (in nf/ kg mol), Vb in m*/ kg mol
Vo=V[1—(T/T1*=V@-T)°%  Vinni/kg mol
Vo=V -V, Vin n/ kg mol
And R =8314.3, (in kg i’ kg mol $K)

With the above Eqn. (14) is
T = (Kyx 10%°) (4.084 x 18) V#® (8314.3§2/ V.V ('L 1 T)"? (in kg/m€) (15)
Eqn. (15) in terms of K, k, Tc and V turns to

m = 37.239 K (1-T)*2 T2/ v [1- (1- TrPd M2 (in kg/ m$)  (16)

egn. (16), the work form of the new equation, involves onngK T, Tcand V.

3. RESULTSAND DISCUSSIONS

The new equation, Eqgn. (14) or its work form, Eqn. (16) requires molar valatae
and critical temperature data in addition to the ratio of liquid lsap&cities, while the
equation of Srivastava and Berkowitzequires molar volume and ultrasonic velocity data
and, of course the Jacobson constant is required in the newly derivecbreqEa. (14),
proposed in this work, permits evaluation of internal pressure fronatisdgon constant, the
Srivastava-Berkowitz group parameter and molar volume data. Theauuoat readily be
extended to multicomponent mixtures.

Internal pressure values were computed for nineteen liquids througbrapesed
equation, Eqn. (14) and through the Srivastava and Berkowitz equation, Eqn. (3). Asrshow
Table 1, the proposed model is capable of predicting internal pressumeedfquids with an
average absolute deviation of 4.24% in the predicted internal pressuss vampared to
those by the Srivastava-Berkowitz equation.
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Table 1. Internal Pressure Values of Liquids at 298.15K using the Proposed Method

Q2 () 5
. z st | 52| 82| BE s %
Liquid o 5 3 %o = T = 3 ?D@EQ.
S a =8 | EZ | 5| 28 g 8®9
2 S < -0 o
)
x10° x 10 x10
3 3
kg/m? mn?;? ms’ K mn?;? [3] | Egn. Eq.(21)
1 | n-Hexane 0.6551 131.55 1083 5074.4 30|70 364 7.895
2 | n-Heptane 0.6799 147.38 1133 540.2 31|54 2B75.6
3 | n-Octane 0.6988 163.47 1170 568.8 32|65 2164.90
4 | 2,2,4-Trimethylpentane 0.6874 166.08 10y7  543.95.23 1991.09
5 | n-Nonane 0.7148 179.43 1212 594.6 33/81 2142.38
6 | n-Decane 0.7267 195.8( 1222 617.6  35(13 2107.67
7 | n-Dodecane 0.7460 228.34 1288 658.3 37.13 2032.9
8 | n-Tetradecane 0.7599 258.43 1302 694.0 40.06 4.397
9 | n-Hexadecane 0.7713 293.59 1322 717.0  43.73 4856
10 | Benzene 0.8742 89.35 1304 562.1 18|13 4/00 8898.
11 | Toluene 0.8627 106.81 1300 591.7 20426 2982.27
12 | m-Xylene 0.8602 123.42 1326 6170 2247 2813.4
13 | Mesitylene 0.8615 139.57 1346 637.3 24)05 IR0
14 | 1-Propanol 0.8000 75.12 1204 536.7 1622 3129 T764Y
15 | 2-Propanol 0.7812 76.93 1141 508.3 17)91 3744.(
16 | 1-Butanol 0.8059 91.98 1240 562|9 18.63 3805.05
17 | 2-Methyl-1-propanol 0.7932 92.86 1191 536.0 200 3493.08
18 | 1-Pentanol 0.8112 108.67 1277 586.0 20{87 3821.
19 | 1-Heptanol 0.8179 141.76 1330 633.0 24|65 AH63.
Density and ultrasonic velocity data have been taken from the literature [12]
Table 2. Estimated Internal Pressure Values at 298.15 K Through the Two Methods
(The Srivastava — Berkowitz Method and the Newly Proposed Method)
[&] () a — a
5 |5 3 P 2.
S : 3 E g 5§45
5 2 O =
> 5o 3 3
v Liquid = £ = g E 7 . i
= o = = = @ o
o T S L RS a ©
> > > 8 8 a
x 10° x10P Eqn.
m/kgmol | ms' | m¥kgmol [4]
1 | Acetone [13] 74.05 1150.0 17.24 1.699 4195 323 3019.0
2 | Acetonitrile [13] 52.81 1288.0 11.08 1.657 4.1423839.97 4584.8
3 | Benzene [13] 89.40 1306.p 18.13 1.6p0 4100 JB36 3445.3
4 | tert-Butyl alcohol [14] 94.91 1123.2 22.21 2.0194.573 | 3344.49 2237.7
5 | Carbon disulphide [15 60.63 11409 26.08 1.638.119 | 3716.10 4157.1
6 | Carbontetrachloridg [13 97.06 927.0 19.95 1.938.987 | 3402.30 2938.2
7 | Choloroform [13] 80.75 983.0 17.44 1.692 4.187 64891 3077.0
8 | Ethylene glycol [14] 55.91 1655.9 9.49 1.493 293 4954.80 5884.2
9 | n-Hexane [16] 31.59 1076.4 31.20 1.4p3 3,932 7&H| 1989.7
10 | 1-Propanol [14] 75.15 1216.8 16.22 1.5p8  3.978840275 3441.7
11 | 2-Propanol [17] 60.68 1204.8 14.12 1.647 4.129766243 3622.8
12 | Toluene [18] 106.88 1303.f 20.26 1.314 3.689 013%® 3220.8
Average absolute percentage deviatjon 12.06
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Table 2 contains the calculatedand kg values as well as the computed internal
pressure values through the use of Srivastava-Berkowitz equation gmdpbsed equation.
When compared with literature valddsr twelve liquids considered in Table 2, the average
absolute deviations in the predicted internal pressure values are 1ahel%rivastava-
Berkowitz equation) and 12.06% (proposed equation), showing the performance-
characteristics of these equations. The purely predictive natihe @roposed equation has
to be considered at this juncture.

The applicability of the proposed equation in predicting the internasipres of liquid
mixtures was ascertained by using the data of five liquid miturgchloroethylene +
benzene / carbon tetrachloride / chloroform / toluene / p-xylenetmh the results on the
Srivastava-Berkowitz equation are availahlenearly identical results were obtained. The
calculated and predicted internal pressure values were obtainedalthlated and predicted
internal pressure values through the Srivastava-Berkowitz equatiomeamew equation of
this study are given in Table 3. The average absolute percentageiatevin predicted
internal pressure values for the five liquid mixtures shown in Tabkaries from 0.29 to
1.91% in comparison with those given by Srivastava-Berkowitz eqdation

Table 3. Internal Pressure from various methods at 303.15 K.

Trichloroethylene — Benzene

X1 0.1112] 0.256§ 0.367p 0.54%56 0.6064 0.7435 0.9459 Average
Srivastava-Berkowitz Eqm (atm) | 3651.1 3644.3 36317 3629.2 363D.9 3635.82436 absolute
Newly Proposed Equ (atm) | 3642.5 36345 3630]1 3624.2 36225 3619.50136 pdeé\clgt‘itg‘r?e
Absolute percentage deviation 0.24 0.27 0.04 014 .230] 0.45 0.64 0.29
Trichloroethylene — Toluene
X1 0.1256] 0.2537 0.672L 0.7233 0.9395 Average
Srivastava-Berkowitz Eqm (atm) | 3510.00 3551.9 3584]0 3593.9 362B.3 absolute
Newly Proposed Equ (atm) | 35614 3596.4 35961 35994 3610.5 pdeer\fgt‘it:r?e
Absolute percentage deviation 1.4p 1.25 0.34 0.15 .44 0 0.73
Trichloroethylene — p-Xylene
X1 0.2137] 0.2299 0.399p 05717 0.6011 0.7598 Average
Srivastava-Berkowitz Eqm (atm) | 3400.1] 3413.2 34540 3490.6 3500.3 3552.6 absolute
Newly Proposed Equ (atm) | 3491.1 34941 35242 3553.8 35589 3584.7 pdeer\fg?itsr?e
Absolute percentage deviation 2.68 2.37 2.03 181 .641 0.90 1.91
Trichloroethylene — Chloroform
X1 0.2299] 0.3399 0.4666 0.6863 0.72P1 0.8367 0.9303 Average
Srivastava-Berkowitz Eqm; (atm) | 3592.8 3599.2 3604/9 3631.3 362P.4 3632.24736 absolute
Newly Proposed Equ (atm) | 35045 3521.6 35407 3576.8 357B.2 3503.7083H pdeé\fg’t‘itg‘r?e
Absolute percentage deviation 2.46 2.15 1.78 150 411 1.06 1.06 1.63
Trichloroethylene — Carbon tetrachloride
X1 0.1343] 0.225§ 0.319p 0.4385 0.6352 0.7258 0.§319439] Average

Srivastava-Berkowitz Eqm; (atm) | 3381.9] 3306.5 3350/8 3403.4 34855 3526.3733H 3622.6 absolute

Newly Proposed Eqr (atm) | 3262.7] 3298.1 33348 3382.7 3464.2 35(02.94935 3595.6

percentage
deviation

Absolute percentage deviation 3.5p 0.26 0.48 061 .610f 0.66 0.68 0.74 0.95
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4. CONCLUSION

A new method was developed for the prediction of internal pressure efliguids
and liquid mixtures. This theoretical model combines the Free L&igtbry of Jacobson and
van der Waals’ equation of state. It requires only the molar volurt@einladdition to the
ratio of heat capacities and critical temperature. The modgimple and reliably accurate.
The predictive ability of the new equation was tested by companegnternal pressure
values obtained through this equation with those of the Srivastava-Berkowitz equation.
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