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THE MOLECULAR CHARACTERISTICS OF OIL FRACTIONS DETERMINED

FROM ULTRASONIC VELOCITY MEASUREMENTS

WIESEAW SZACHNOWSKI, BOGDAN WISLICKI

Institute of Aviation, Warsaw

This paper presents the results of measurements of ultrasonic velocity in
liquid hydrocarbon multi-fraction fuels and individual hydrocarbons, on the
basis of which the Rao constants, the mean distances between the surfaces of the
free molecules, the Langemann constants, and the acoustic diameters of the
molecules were determined. The dependencies of the acoustic constants, the
distances between the molecules and the acoustic diameters of the molecules.
on the density and on the molecular mass for different fractions of fuels and diffe-
rent individual hydrocarbons are presented. It was found that the quantities
used in molecular acoustics can be used to characterize the properties of multi-
component hydrocarbon mixtures and to identify their structure. The results
of the investigations confirmed the usefulness of the concept presented in this
paper — the concept of the inclusion of the intermolecular interaction forces by
achange in the acoustically determined intermolecular distances in a hypothetical
equivalent single — component liquid.

Notation

A, a, B,b — characteristic constants of a homologous series of hydrocarbons
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— content of aromatic carbon (in 9%)

— content of naphthene carbon (in %)

— content of paraffin carbon (in 9%)

— ultrasonic propagation vélocity

— acoustic molecule diameter

— molecule diameter determined from refraction
— mean distance between surfaces of free molecules
— constant

— number of aromatic rings

— number of naphthene rings

— total number of rings

— modulus of isentropic compressibility

— Lagemann’s constant
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— molecular weight

— Avogadro’s number

— optical refractive index at the D line

— Rao’s constant

— sulphur content

— temperature

— solidification temperature

ignition temperature .
— volume

— molar volume

~ Rao’s constant

— coefficient of isentropic compressibility

< density

— reference density

— density at the temperature of the investigation
— kinematic viscosity
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1. Introduction

The ultrasonic velocity and its relation to the density of a liquid permits
inforniation to be obtained on the clremical and physical structure of the liquid.
The relation of these quantities to the molecular weight and the specific heat
make it possible to determine the interaction forces, and the volumes and
diameters of relevantly defined molecules, ete. The additivity of ultrasonic
velocities in the case of liquid mixtures, which has been investigated by different
workers [1, 8, 15], permits knowledge obtained about the physical structure,
the solubility, and the accompanying dilatation effects to be evaluated. The use
of the ultrasonic velocity for structural analysis and the determination of the
physical and chemical properties of simple hydrocarbon mixtures, fractions,
and products from crude oil has been limited to date. The investigations of
CORNELISSON, WATERMAN, HARVE [2], for example, dealt with the relations
between the viscosity, the optical refractive index, the surface tension, and the
ultrasonic velocity (v-n-¢ and »-¢-b), and the dependence of ultrasonic velocity
on density for fractions of mineral oils. These papers had a fundamental charac-
ter and were limited to saturated oil fractions. There is a lack, however, of
detailed information on the relation of the ultrasonic velocity to the consti-
tutional properties of fractions of crude oil: fuels, oils, ete. The investigations
of the utilitarian properties of the products have been limited to the determi-
nation of the elastic constants — moduli and coefficients of adiabatic compressi-
bility — and, more recently, of the density.

The present paper presents the results of measurements of the ultrasonie
velocity and its relation to the molecular weight and density of multi-component
hydrocarbon mixtures and fractions which are components of oil fuels.

The essential difficulty in the investigation of mixtures of this type, and
in particular, the hydrocarbon fractions, is not only a lack of an equation of
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state for the real liquid, but also of mixing principles. In the case of real liquids
these principles exist only for two-component and sometimes three-component
systems. Thus all the quantities, which are measured relatively, are determined
by mean values. Of necessity the problem of mixtures is reduced to a hypothe-
tical one-component liquid. Each molecular interpretation, both of the measure-
ment data and of the material constants, including rheological models, also
applies to this kind of liquid. How, therefore, should such quantities as the
optical refractive index, the molecular weight, and particularly the molecular
diameter, the intermolecular distance or the coefficient of compressibility be
interpreted ? Of necessity the only possibility is the use of the model of the mean
liquid mentioned above. This involves, according to the present authors, the
assumption of the unambiguous definition of a molecule of such a one-compo-
nent mean liquid. From the point of view of molecular physical chemistry and
mathematie correctness, the closest solution is the assumption of a molecule
diameter which is defined on the basis of the statistical theory of liquids. This
will be a space in which the probability of the existence of a molecule with
a complex of interactions is equal to unity. Certainly for such a simple model,
for the interpretation of phenomena related to wave propagation, it can be
assumed that long-range interactions are represented by changes in the molecule
diameter and the intermolecular distance. Accordingly a lack of intermolecular
interaction can be assumed in a model of such a liquid. The model of ultrasonic
wave propagation becomes simplified, and the velocity can be regarded as the
sum of the wave propagation velocities in the intermolecular space, and inside
the molecule.

~ The above gross approximations can, for the purposes of the understanding
and description of multi-component mixtures, use the characteristic quantities
_ defined by optical and dilatometric methods, and by the methods of molecular
acousties. - -

2. Relations and characteristic constants

The basic constitutional quantity of liquid organic compounds, which
links the ultrasonic velocity and the density, is the coefficient or modulus of
isentropic compressibility

By = = )

In liquids the quantities ¢ and ¢ decrease as the temperature decreases,
with the exception of water and some mixtures of strongly polarized compounds.
This is described, for example, by the known Rao relation [11, 12]

8.4 eM '
T = l/ci- = const. (2)
e
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The significance of the quantity R, the so called molar sound velocity, results
from its additive and constitutional properties. For most organic solutions,
liguid chemical elements, and some mixtures, the constant R is usually indepen-
dent of temperature. Over a moderate temperature range relation (2) is satisfied
for some nonassociated liquids. There is, however, a group of organic compounds,

~e.g. paraffin or the aromatic hydrocarbons in crude oil, for which R + const.

In the case of oil hydrocarbons it is interesting to note the change of the
quantity E in a homologous series and in mixtures of their components, and the
dependence on P and T. The investigation of relation (2) as a function of molar
mass has shown in many cases a linear character [12]:

BE=aM+b. (3)

For aliphatic hydrocarbons the values of a and b in equation (3) are respec-
tively 13.97 and 155, while for aromatic hydrocarbons they are 14.02 and
120 [1]. The opinion has been voiced in the literature that the constant a is
practically the same for different homologous series [11, 12].

For a number of liquids the expression gi/ﬁ, takes constant values over
a wide range of pressure and temperature [12]. This expression in the form of
the relation

M

W =i

oV/8,

is known as the molar compressibility. From relations (1), (2) and (4) the follo-
wing relation can be obtained .

W = MR, (5)

(4)

For nonassociated liquids the quantity W is also constant and should
satisfy the condition of invariability better than does the constant R. This
was confirmed in paper [10] for binary hydrocarbon mixtures of different
concentrations. For most mixtures the following linear relation exists

W =AM+B. ‘ (6)

For mixtures containing both “lighter” and “heavier” components, relation
(6) is rectilinear, while relation (3) is not. The rectilinearity of relation (3)
occurs with the introduction of equimolar volumes, while relation (6) is rectili-
near in practically all cases.

In addition to the constants mentioned above another equation, proposed
by Lagemann, may be used [1, 12]

de —
L. = EVM = const. (7)

This is satisfied by many organic liquids and their mixtures. In the region
of considerable change in the temperature coefficient of sound veloeity, i.e.
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near the critical and solidifieation temperatures, this relation is not satisfied
[, 12]. .

Knowing the temperature coefficient of the sound velocity and the coeffi-
cient of expansion, the density and the molecular weight, it is possible to define
the acoustic diameter of the molecule [7]. This diameter may be interpreted
as being close to the statistical molecular diameter. The acoustic molecular
diameter can be defined, for example, using the following relation [7]

1 [ de )
— \Vam M 1/3
e \dT ]» ( ) : ®)

e — — =

. ST (dc 1 14dv oN
: c\dT |, 3 V\dT |,
Assuming a spherical shape for the molecule JACOBSON gave a relation

permitting the determination ef the distance between the surfaces of the free
molecules [5, 6]

g
J = o )
where K = const for I' = const.

By analogy with an ideal gas, the quantity J can thus be regarded as the
free path. As for the molar sound velocity, this quantity, in view of its dimension,
is interesting for interpretation only. The values of K for different temperatures
are the following: 0 °C.— 588; 10 °C — 604; 20 °C — 618; 30 °C—— 631; 40 °C —
624; 50 °C — 652 [10].

3. Procedure

The hydrocarbon mixtures analyzed were separated in the form of frac-
tions of the oil fuels: jet fuel (1) and Diesel fuel (2, 3, 4, Tables 1 and 2) [9].
Some of these fractions were represented by only one kind of structure, in
other a gpecific kind of structure dominated [9]
I — m-isoparaffin and naphthene fractions,
II — m-paraffin fractions,
ITI — isoparaffin and naphthene fractions,
IV — isoparaffin and naphthene fractions with a majority of naphtene fra-
ctions, :
V — isoparaffin and naphthene fraction swith a majority of isoparaffin
fractions, :
VI — aromatic unieyelic fractions, #? = 1.48 +1.53,
VII — aromatic polyeyelic fractions, w2 > 1.53.
The method of separating the fractions is described in reference [19].
Using the methods of liquid and column chromatography, fractions I, VI and

7 — Archives of Acoustics 2/81
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Table 1. The standard properties of fuels

Properties Sompla
{ | 2 | 3 | 4
922 0.8150 | 0.8371 | 0.8412 | 0.8484
- distillation [°C]
beginning 148 - =t -~
109, 158 L - 250
t 509, 193 L - =
‘ 909, 242 T = =
989, 270 2 = =
up to 300 °C = 749, 509, 689
up to 350 °C L 959, 859 929,
»20 [cSt] 1.63 4.84 5.51 7.23
e [°C] ' (TR e o, P sy £ L e
i a6] 36 M.P. | 80 M.C. | 60 M.C. | 36 M.P.
S [%] 0.029 | 0.271 | 0.650 | 0.372

Table 2. The physical and chemical properties and the structural composition of the fractions
separated from the fuels

Fraction : Tk on M 720 Cp GA ‘ ON KU KA -KN
3=l —60| 0.7958 148.6 1.4395 | 51.2 ; 1.5 | 47.3 | 0.87 | 0.04 | 0.83
-3 —8 | 0.8088 226.9 1.4478 | 66.4 | 0.0 | 33.6 | 0.90 | 0.00 | 0.90

I —2 +11 | 0.8062 225.0 1.4351 | 93.7 | 0.0 6.3 | 0.17 | 0.00 | 0.17
-3 +11 | 0.7742 218.4 1.4345 | 93.5 | 0.0 6.5 | 0.17 | 0.00 | 0.17

11T -2 —70 | 0.8209 218.4 1.4530 | 58.6 | 0.0 | 41.4 | 1.12 | 0.00 | 1.12
—4 —63 | 0.8286 228.0 1.4566 | 57.0 | 0.0 | 43.0 | 1.26 | 0.00 | 1.26

v —1 —70| 0.8101 152.0 | 1.4429 | 37.8 | 0.0 | 62.2 | 1.20 | 0.00 | 1.20
—3 —70 ] 0.8065 229.0 1.4481 | 71.1 | 0.0 | 28.9 | 0.79 | 0.00 | 0.79

-1 —T70 | 0.7948 148.0 { 1.4400 | 48,9 | 0.0 | 51.1 | 0.89 | 0.01 | 0.88

v 2 —60 | 0.8266 222.0 1.4554 | 56.1 | 0.0 | 43.8 | 1.25 | 0.00 | 1.25
=4 —70| 0.8285 223.9 | 1.4561 | 56.5 | 0.0 | 43.5 [ 1.25 | 0.00 | 1.25

—4 —60 | 0.8331 228.5 | 1.5482 | 55.2 | 0.0 | 44.8 | 1.34 | 0.00 | 1.34

-1 —60 | 0.9008 150.9 1.5177 | 39.3 | 67.9 2.8 | 1.28 | 1.23 | 0.03

VI -3 —65| 0.9093 216.9 1.5133 | 43,1 |40.4 | '16.5 | 1.76 | 1.26 | 0.50
—4 —35| 0.9137 231.6 1.5088 | 34.2 | 23.7 | 42.1 | 2.28 | 0.82 | 1.46

-2 —60 . 0.9689 176.5 1.56626 | 37.7 l52.0 10.3 | 2.06 | 1.72 | 0.34

VII -3 —63 | 0.9632 182.5 1.5472 | 21.4 |53.4 | 25.2 | 2.20 | 1.50 | 0.70
—4 —50 | 0.9856 199.4 1.5592 | 17.8 | 52.6 | 29.6 | 2.58 | 1.63 1 0.93
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VII were separated on silica gel. By complexing fraction I with urea fractions IT
and IIT were separated. By complexing f:ractlon III with tiourea fractions IV
and V were sep&rated

The density o}’ (41 x107*), the optical refractive index n} (41 x107%),
and the molecular Weight M (1%, of the fractions were measured. The depen-
dence of the density on temperature was calculated according to [14]. This other
quantities were determined by standard methods according to the Polish
Standards. The carbon content and the number of rings in specific types of
structure were determined by the n — ¢ — M and G — L methods of structural
analysis [3, 18]. The ultrasonic velocity (4-0.0%) as a funetion of temperature
at normal pressure ¢(T) was measured by the ultrasonic interferometric method
developed at the Institute of Aviation (in cooperation with the Institute of the
Fundamental Technological Research). The quantity ¢(7') was measured over
a temperature range from the solidification point of the fraction to --80 °C
at a frequency of 10 MHz. Using the quantities ¢, ¢, M, the respective values of
the quantities defined by relations (1)-(9) were determined.

4. Results

The characteristic ranges of the values of the coefficient of isentropic
compressibility at 20 °C for the paraffin and naphthene fractions (I-V), and for
the aromatic fractions (VI, VII) were respectively 0.63-0.74-10-2 m?-kG~* and
0.45-0.57-10-2 m2-kG! (see Table 4). It follows from these results that §, can
be used in structural identification. In the case of the aromatic hydroecarbon
fractions, unicyeclic structures can be distinguished from polyeyclic ones.

The coefficients of correlation and regression (Table 7) showed a linear
relation between ¢ (n) and S, (n) on a logarithmie scale, Figs. 1.2, partlcularly
clearly for aromatic fractions.

The functions R (M) and, particularly, W(M) were also found to be linear
(see Figs. 3, 4). As before this linearity was better for the aromatic hydrocarbon
fractions. For the other fractions the maximum nonlinearity was =45 ¢, (Table 4).
This was confirmed by the coincidence of the value of the coefficients of reg-
ression (Table 7) and the behaviour of these funetions for the individual hydro-
carbons. No linear correlation was found for the relation L(M). :

The behaviour of the relation J (T') (Fig. 5) and the temperature dependence
of the other acoustic quantities (Tables 5, 6) confirmed the structurally varied
_ character of the fractions. The same distinet differentiation of fractions occurs
in the case of the relation f,(J) (Fig. 6). The results discussed so far can be used
for the structural identification of multi-eomponent hydrocarbon mixtures.

A separate group of results giving information about the molecular structure
consists of the quantities describing such statistical parameters of the molecules
as the diameters, defined acoustically or from refraction, and the Jacobson



tegos. | letes 110 - E81F°0 2L'909 ZL'60ST 8¢H'0 - | o'88¥L | - I 81
LL'68T IR - - QLEF 0 PLFOS £8°0013 8LF'0 - | 0€LFL | £— IIA | AT
91°281 geL'g €339 02-91'LY SETH0 4 28 424 €1'LLOG 0L¥'0 s2-09'¢ | gogevl | T— 91
9£°89% £15'0 - - F6F9°0 8FFIL 9T 0982 639°0 - L'SEPT | ¥— o
£C°8€Z | POT'O - — 106%°0  LE00L 798692 1£2°0 - 8'68P1 | €— 1A |¥T°
g 191 6e¥'C 866°C 05 OF'LF £90%°0 | 98'L8Y €L'8L8T L9870 9 98¢ | ve6er | T— 1
83°6L2 ZFT'9 - - 168%°0 £9°98L L8'950¢ 939°0 - FF8ET. | P o
02'0LT £ar'9 - - 67650 8¥'B3L 98°300€ 1%9°0 - 6'ILET | £— 1
L9'89% 8ET°9 298'9 0z—08°9C 1L6%°0 FLOOL £0°1863 L¥9°0 © gre | greet | e— A lot
13981 6LE'C 160°9 o _80°8F 208S"0 £8°139 28'2808 LELO a.00F U gaosT | 1— 6
66°€8% | ¥35'9 be 8 - LF0C0 11°L08 69SFIE 2990 & (s - o'eOEl | £— L
£9°L81 £0¥'g 6ET°9 02-08'8F 991¢°0 18°62¢ 10°€903 669°0 2 96| sszer [ 1— Al L
91°CLE Z61°9 - - 6164°0 06°L8L 9¢°£00¢ $£9°0 = 10881 | ¥— i
<0993 601°9 198°9 13- GREe 000270 9%°89L 19°026% €g9°0 9 g0t | veer | g— I g
01°28% ge1'9 - - 1S1¢°0 03'L6L S1'831E ¢69°0 - o'goel | &— v
60'6L% | OET'9 036°9 LTS 2 £809°0 0L'T6L 39°L80E 9L9°0 % eog | 1poer | z— U g
08'6L3 | 8819 = - 2809°0 19°%6L 08°8608 €090 . |1 — L'eogT | £— i
£L°981 386°S 801°9 9 zz0¢ C1890 66'33¢ PL'6E0T 0¥L0 0 zi'p - veost | 5— 1 1
[owm] [w] [w] [1-Do 1-S g/ 0¥w] (] ~|l|tﬂm H lenn—8grorw] | [-03zw] |[1-8y-Dow] | [;_sua] pU0 O &
Wy, | q01XPp | o01x% T w01 % £ | Lefos DX q §01 % °g IV lov 0 Wpoid | 'ON
M

0. 05 ¢ suorouay oy} jo serpredord o1snoow O, *§ qE]L



W. BZACHNOWSKI, B. WISLICKI

188

- Q0" L¥ 9%1°0 LE°G8¥ ZL'9981 z¥9°0 £8°¢ 6'¢%e1 | 1888°0 | 0¥ 83
8209 oL’sy 868%°0 F9'98¥ 90°0L8T 209°0 aL'g G'E981 G¥68°0 | 08 LT
866°C 68°TF £99%°0 98°L8F £L'SLST L9G°0 15 ¥'6681 | 80060 |03 92
1€6°9 96°1¢ ¥a¥¥°0 08°L8¥ TL'9L8T 9€9°0 €'Y 9EEET 1L06°0 |01 E = BN 1
$00°9 6LLF 69170 16'88% | GL'OSSI £09°0 68°¢ 8°¢LFL | ¢g160 |0 ¥2
096°¢ 9€°0¢ - L9'6SF 01’7881 FLFO or'y L'PIST | 861670 |01— £z
226'¢ = o ¥¢'06¥ G0°888I1 9¥%¥°0 - L 9egl1 1936°0 | 02— ¢a

G %6'EF 9069°0 | ~ 98'12¢ ' 16'920% 9%8°0 19°¢ g 1€3T | Z6LLO | OF 13
GLO'9 69°L¥ 1190 oL 1ge £G°9€0G 16L°0 G6'E 9'LIGIL OL8LO | 08 02
160°9 8L'8F c0gq 0 £8°12¢ %8°920% LEL'O 90'% 8'908T | 8¥6L°0 |03 61
£LO'9 91°¢¢ 900¢'0 L6°1ZS 959803 L89°0 LE'F 6°9%81 | 9g08'0 |OI L& A 8T
060°9 €6°LF LBIF0 0%°'238 £¥°8€03 8€9°0 $6°¢ 9°06€1 | $018°0 |0 L1
L00'9 19°09 g ¥6°GGS FI°860¢ 8620 91'¥ 0°06%1 18180 | OI 91
100°9 — - L€'338 8%°8203 62¢°0 - 9'ILFT | 69%8°0 | 08— o1

— ZI°9F LFLIO 698639 %6°090% 108°0 99°'¢ 6'2931 | 196L°0 | OF F1
2219 96'S¥ 29%9°0 $¥°659 g’ 1903 6¥L°0 L6°€ ¢'6831 | 95080 |08 eI
6819 Z8'8¥F co1S0 18°65¢ 10°€90% 669°0 96°¢ %6381 | 101870 |03 Zlet
LOT'9 L6°9F 088%°0 LO'0ES 61°¥90¢8 £€99°0 18°¢ 8'89€1 9LI80 |01 Bre &) 1%
¥20°9 C6'8F 109%°0 80°08¢ £6'7905 g19°0 L6°8 6°96F1 | 19880 |0 0T
1¥0°9 LE'PC o €1°0¢9 S¥'¥90¢ ¥LEGO ¥y 9°9FF1 LGSR0 | 0T — 6
080°9 - - 09°08¢ 19°990% 9gco’ = L'06¥%1 | Z0¥8°0 | 0Z3— 8

- 99°L¥ 9£69°0 $9°352 99°L£0% ¢e80 16°¢ 9'¥GGL | E0SL0 |OF L
08T°9 20°8¥ 62990 LL'B3S $L'8€0% G6L0 86°¢ . 9°€9GT | 088L°0 |08 9
8019 99°L¥ g1gg 0 66°55¢ PL'6EOE | OFLO 16°¢ $'60ST | 896L°0 | 0% g
9909 €6°09 6109°0 $0°€39 $6°6£0% 06970 SI'¥ g'ZFET | 9€08°0 |OT R 5 b
FL0'9 98°6¥% 9TLF0 62°€29 80°TF0% £¥9°0 80°F £'%8el | #1180 |0 : g
8€0°9 9c'eg -’ 0¥'€3¢ 29°'1¥0% 109°0 $9'F %'SgPI | 16180 |0T— g
1L0°9 — - $6°€2C LOFFOT 820 - 9'ILFI | 69280 | 08— 1

y _:Nm _”.nlmﬁ.. Oo E”_
[w] Hﬁ!oo -8 N__.H.muMau [w] —HI|||._Hu P _”mﬁlmmau.a“_ _”.thrvu_”aﬂuu_ LR _H.nln.n_H“_ muldu.m.m_””_ [D.) jompoig .Oz.
o0 X 7p T 00T X p |L40% M_: T Bl C0EX o 2 01X | T

eanjezedme) wo | femy jo suorjowsy omy Jo serredord omsnooe oyy jo eouepuedep oyy, ¢ uS.nh



(=
o
—

OIL FRACTIONS

T eV’ LY 6¥9%°0 g3 8¥¢ 660602 ¥E20 g9g°¢ 0'LIFT | 8L960 |OF 1
0829 0T'8¥ ¥¥E¥0 I¥°6¥¢ Z¥°9608 96¥%°0 09°¢ ¢'9F¥1 | ¥6€96°0 | 0€ Ve
Q9829 eV’ LY g8e¥°0 69°09¢ L9°0018 OLF0 898 G'G8YI | 6896°0 |08 s €3
861°9 €9°9% T1€07°0 ¥9°199 gg'e01e S¥¥°0 6¥%'€ . 6°8191 | ¥¥L6°0 | OI B LA e
291'9 oL sy ges8e’0 ceove 19°¢80¢8 €6¥%'0 ¥9'E 0°28S1 | 00860 |O 1%
FFI9 9L'8¥ it GI'LYS LT'680% €0%°0 L9'8 £L8ST | 99860 | 01— 0z
L¥T'9 - = 0°8%¢ 938603 €8€°0 g 0'P89T | 1166°0 | 03— 61

@ 61°E9 T02S°0 PL'OOL 66°0862 FEL'O Lg'g £'¢631 | SII80 | 0¥ 8T
£88'9 $9°69 8€2C°0 €L'99L 96°086% 689°0 09°¢ 0'1€81 | G618°0 | 0F LT
G998°9 T1°89 CLEF'O 99°99L L9'086¢ L¥9°0 06°¢ G¢'L9ET | 99380 | 0T 91
L9890 19°LS F0L¥0 00°L9L 0’2868 L090 98°¢ 0°90%1 | OFER'0 | O1 Bk g1
8E€8'0 QL'69 LEFFO 01" L9L €9°2868 0LS°0 10°7% 9'FFF1L | PIP80 | O ¥I
0789 89'09 s P LIL 60°786% gEs0 , EL'E L'¥8FI | L8F¥8'0 | 01— (A
0gL’9 i Wy S1'LIL 98°286¢ ¥0<°0 i 0°2eSI 1998°0 | 08— (41

e ¢e'eq 8EE9°0 LTI'8SL 61°0962 FPL'O ¥9'e 1'162L | 1908°0 | 0¥ 11
£C8°0 L9799 FLEECO 60°89L €8°6¥768 669°0 9L'E C'9ZEI | 98180 | 0% o1
1989 0e'g9 000570 9¢'8¢L 19°096% 999°0 09°€ I'F#9€1 | 6028°0 | 02 6
8089 10'99 0FLF'0 o1°89L 01°0968 919°0 6L°E p00rl. [Se8g80 (o1 | & — IIL |8
€6L9 €0'8¥ ELFF0 L0O'8SL LL'6%68 6LE°0 G¢e'e 0'8E¥L | L9ES0 [0 L
0L9'9 ev'ee e 98°LSL 60°9%6¢2 6%<°0 QL'E g'0L¥T | 0€¥8°0 | 01— 9
FEL'D = - FO'LSL 80°'CF63 L1S°0 i 0'80S1 | #0980 | 02— 9

= oL’ES £€£99°0 ¥&'G6L 90°060¢€ OLLO 8¢°¢ G 1861 | 606L°0 |OF ¥
¢¥6'9 08'ee 09€8°0 06'T6L 68'880¢ @eLo 89°¢ €'LIST | 986L°0 |0 3 A €
0269 0652 £809°0 | OL'I6L | B9°L80S 9L9°0 z9'¢ 1'ee1 | so0s0 oz | ° T H g
€880 iR LE8Y0 0€°T6L 08°980¢€ 9€9°0 e £'06¢€1 8€18°0 | 0T I

(| asgomm | (w0 ([ g sggu | Geotgm ) Grse0oul | ot o) ) :

B Dot M.ﬁw ol auawm DT &/1 mm:: ﬁoﬁ ¥ wu At T : X " jonpoid |'ON
emjeroduoy WO g [0 jo suonmoesy oy jo senredoxd orysmose ofy jo gouapuadop oy, "9 °Jqe] .



190

W. SZACHNOWSKI, B. WISLICKI

. Table 7. The coefficients of correlation and regression for the dependencies analyzed

Correlation Coefficients of regression equations
Dependence coefficient
e @ b ¢
pafaffin and naphthene fractions
Bs(n) —0.799 = = ad
Bs(n) 0.808 9284.86 —11055.2 3715.04
log fs(n) —0.795 4.9648 —2.1694 -
log B, (logn) —0.796 2.9801 —17.1954 -
¢ {n) 0.854 9223.64 —13306.7 5435.83
R (M) 0.989 230.47 12.546 -
W (M) 0.993 135.62 8.7459 =
aromatic fractions*
Bs(n) —0.910 393.01 —222.62 =
Boln) 0.944 6486.69 —8210.97 2617.43
log B, (logn) —0.929 2.8772 —6.2770 i
¢ (n) 0.927 —38600.6 50688.0 —16023.6
R (M) 0.923 445.68 9.0799 i
W (M) | 0.951 196.29 7.2590 -

* Data on the aromatic fractions of other fuels [16] were also used in the calculation
of the coefficients.

constants, which are a measure of the intermolecular distances. They form-
a group of the same quantities at, for example, the density, the optical refractive
index, the molecular weight, etc. which, in the case of mixtures, must be rega-
rded as mean values. In the case of the dependence d,, (M), a higher concen-
tration of results occurs both for the fractions and for the individual hydroca-
rbons, than for d,(M) (Figs. 7, 8). It follows from this that the diameter
determined from refraction is better related to the molecular mass. The larger
interval of values of d, corresponding to a given range of M indicates, in turn,
the higher “precision” of the acoustic measurements. The relations between
¢, Bs, J and V', are a complementary system (Figs. 2, 6, 9-11). The intermolecu-
lar distance decreases with increasing M, while the ultrasonic wave velocity
and the coefficient of compressibility increase. Likevise, increasing J causes ¢
to decrease and g, to increase (Fig. 6).
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5. Conclusions

The analysis of the values of the ultrasonic velocity and the optical refrac-
tive index for saturated individual hydrocarbons and their complex mixtures
permits the following analogies to be stated; a distinet change in the value of
¢ and n can be observed with an increase in the number of carbons in the mole-
cules and with the density, and in the transition'from paraffin or naphthene
structures to aromatic structures, unicyclic and polycyeclic, in condensed systems]
particularly in the latter case.

The results of the investigations: of the fractions showed the validity of
the Rao rules to extend to complex multi-component mixtures. Extrapolation
permits the use of these quantities for identifying the type of the basic structure
of mixtures of unknown content. This applies both to hydrocarbon miktures of
different structural types, and to the introduction into molecules of a given
structural type of other structures, e.g. paraffin-chains into a benzene ring.
Changes in the value of B and W should be expected in both cases. Tt follows
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that the use of the ultrasonic velocity as a parameter, expands the possibilities
of structural identification.

In addition to structural analysis, a molecular interpretation of multi-com-
ponent mixtures is also possible. The results of the measurements showed the
existence of a dependence between the acoustic diameter, defined by relation (8),
and the mean molecular weight.

Interpretation of the relations between the macroscopic and molecular
quantities, found in the case of the mean liquids analyzed (multi-component
mixtures) shows analogies occurring for simple liquids (individual liquids and
their mixtures for no more than a few components). The diameter of the mole-
cules, defined from acoustic measurements and optical refraction, was found
to increase with increasing molecular weight. The intermolecular distance was
found to decrease with increasing molecular weight. This dependence is in agree-
ment in terms of the direction of the changes with the general behaviour of
the of radial distribution function for some simple liquids [13].

The relations between the ultrasonic propagation wvelocity and the inter-
molecular distance e(J) and also between the intermolecular distance with
temperature, defined at P = const., are another confirmation of the Schaafs
theory [15] on the propagation of acoustic waves in simple liquids. According
ta the molecular theory, under given condition P, T', the sizes of molecules and
the distances between them are constant. Assuming for the averaged liquids
analyzed at P = const, a constant molecular size, and the ultrasonic propaga-
tion velocity to be the sum of velocities inside the molecule and in the intermo-
lecular space, the ultrasonic velocity should depend only on the intermolecular
distances. This has been confirmed by the results of the, investigations.

The analysis of the relations between the macroscopic and molecular
quantities also leads to the conclusion that they have distinctly different charac-
ters depending on the structural type dominating in the fractions analyzed.
This applies to the dependences of the intermolecular distances and the coeffi-
cients of compressibility, which are in some manner a measure of these distances,
on the temperature, the molecular mass and the molar volume.

It should be noted that in all the cases where the presence of a factor
strongly dependent on the interaction of the long-range forces can be expected,
the model of a mean liquid can fail, e.g. f,(M). These forces are not sufficiently
well aceounted for by intermolecular distances, and even less by molecular
sizes. The use of a larger variety of narrower and more monostructural fractions
would probably be more relevant to these qualifications.
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