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ABSTRAGT

A new empirical relation between liquid dynamic viscosity, temperature and
chemical constitution of organic compounds is proposed.

The method is based on the De Guzman-Andrade equation and the introduction
of a new property, the equivalent chain length of a compound, defined as the
chain length (in carbon atoms) of the hypothcetical n-alkane having a viscosity
equal to 1 ¢1” at the same temperature as the compound in question.

Cwmaulative constitutional correction factors for the equivalent chain length
and the slope of the log viscosity/temperature curve are proposed. With the aid
of these data the viscosity between boiling and melting point of many compounds
can be predicted.

The method proves to be more accurate than the existing ones and it does
not make use of any other physical property.

In the Appendix of the report more than 4 000 viscosity data for more than
300 different compounds are compiled together with an appropriate index.
Therefore, the Appendix may be used as a viscosity data handbook.
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1. INTRODUCTION =)

The literature dealing with liquid viscosity is very
extensive and many attempts have been made to correlate the vis-
cosity of liquids to temperature and chemical constitution on
a theoretical basis as well aspurely empirically.

Truly theoretical efforts have met with little success,
Brush [1] summarizes the state of the art as follows:

"The statement that (liquid) viscosity is due to inter-—
atomic forces by no means constitutes a scientific theory, It
is necessary to show that the assumption of some specific type
of force law, not too different from the laws assumed in other
successful theories, leads to correct predictions of the wvalue
of the viscosity coefficient over the entire range of temperatures
and pressures, We are certainly nowhere near having achieved
this, at least if one judges by the standards applicable to gas
theory, Instead we have a large number of competing "theories
~of viscosity", ranging from those which do no more than suggest
explanations for the factors introduced into empirical formulas,
to those which subject the unfortunate reader to hundreds of
complex mathematical equations without rewarding him any real
solution to the problem,,,.,"

At present there is no theory which allows ligquid vis-—

cosities to be calculated by simple equations, and thus empiri-
cal estimation techniques must be used.

2, EFFECT OF TEMPERATURE AND CHEMICAL CONSTITUTION ON LIQUID VISCOSITY

The best known relation to correlate liquid viscosity
and temperature is:

B/T

')L-Ae Eq. 1

where A and B are positive, Eq, 1 was originally proposed by

De Guzman [2] and has since become known as the Andrade equation,
because Andrade suggested this form as a result of an analysis
of the mechanism of liquid viscosity (3] . The equation repre-
sents the viscosity-temperature relation fairly well within the
temperature range which extends from the normal boiling point

to the freezing poinvw,

*) Manuscript received on November 3, 1971



For associated liquids and hydrocarbon mixtures of higher
viscosity the relationship between log 0y and 1/T is no longer
a linear one, but becomes slightly curved, Consequently, in these
cases the De Guzman—Andrade relation fails, To overcome this diffi-
culty, a large number of modifications of the original equation
have been proposed, generally introducing, in one way or another,
a third constant to correct the equation for the curvature,

For instance, Gutmann and Simmons [4] proposed the for-

mila:
B
log 7L = A+ — Eq., 2
C+T
Girifalco [5]
B C
log 7, = A+;+;§ Eq. 3
and Cornelissen and Waterman (6] :
B
1og'7L = A+T1\—6 Eq. 4

Besides relations based on the De Quzman-Andrade equation,
many other relationships have been suggested, some of a polynomic
form [7} , others making use of the reduced %emperaturc [8] , However,
it may be stated that for general purposes the De Guzman-Andrade
relation is still the best simple temperature-liquid viscosity
function, If many data points are available for a single compound,
these can be more accurately fitted by Eq, 2 or Eq, 3., These two
equations do not show any significant difference in accuracy,
acoording to the experience of the present authors,

Various attempts have been made to predict viscosities
as a function of chemical constitution: none is reliable, all
are empirical, Hitherto all of them involve some other physical
property, For instance, Souders [9] uses the density, Thomas [10]
the density and the critical temperature, Gambill 91] the density,
the normal boiling point, the latent heat of vaporization and
Stiel and Thodos [12-15] the density, the critical temperature,
pressure and volume,



Until now no relation has been developed by which the
viscosity can be estimated from the chemical constitution, when
noe value of any other physical property is available,

3, PROPOSED RELATION FOR THE HOMOLOGOUS SERIES OF THE ALKANES

The aim of the development of another viscosity-temperature-
chemical constitution relation was to establish a relation in which
no other physical property occurs,

The basis of the relation is the De Guzman-Andrade equation,
written as:

log 9y = 4+ 3B/T Eq. 5
When 71, = 1 cP, log OIL = 0O and it follows:
Topeq = To = - B/A, from which a modi-
fication of the original equation can be derived:
1 1
log 7IJ = B|l— - — Eq., 6
T Ty

This equation contains two unknown factors, T,, which
is the intercept of the log viscosity-temperature line with the
abscissa and B, the slope of this line,

For the homologous series of the n-zlkanes B as well
as T, appear to be a function of N, the number of carbon atoms,
By regression analysis it is found that:

FPor N« 20

Ty = 28,86 + 37,439 W - 1.3547 I° + 0,02076 I

Eaq., 7
and for N > 26%

To = 8.164 W + 238,59 Eq. 8



For N £ 20:
B = 24,79 + 66,885 N = 1,31T3 N2 — 0,00377 N° Eq. 9
For N >» 20:
B = 530,59 + 13,740 N Eq. 10

With the aid of Eq., 7 to Em. 10 the wviscosities of all
n-alkanes at all temperatures between the melting and the boiling
point can be predicted, With the exception of methane, the cal~
culated and experimental results agree reasonably (see Appendix),

As a yardstick for the reliability of the method the
"megn error" for each compournd has been taken, The mean error

is defined as
> ./5/
E = ’
m
n
where /E/ = absolute error (calculated value - experimental
value / (experimental value)
n = number of data points,

The paraffinic compounds which show the greatest norma-
lised standard deviations are methane (Ep, = 111,6%), ethane
(9.0%), propane (12,3%) and butane (9.3%?. The compounds from
pentane to eicosane show values of Ep between 1.6 and 4,0%, and
two single points for hexacosane and triacontane show errors of
6.4 and 8,6,%,

The equations developed for the n-alkanes form the badis
of the general relation for other compounds,



4, GENERAL RELATION

The principle of the method is the introduction of the
equivalent chain length (NE), which is the chain length of a hy-
pothetical n-alkane with viscosity equal to 1 cP at the tempera-
ture at which the viscosity of the compound in question is also
1 cP,

NE is calculated as the sum of the total number of carbon
atoms of the compound (N) and one or more structural and/or confi-
gurational factors (AN),

In the same way, B is calculated as
B = B + AB
a
the value of B for the hypothetical alkane with the
equivalent chain length NE (calculated by Eq., 9 or 1o)

AB = a correction factor depending on the chemical con-
stitution of the compourd,

where B
a

Generally, AN is not a constant, but a function of N,
whereas in most cases AB is a function of NE,

It appears that for compourds with more than one functional
group both AN and AB are cumulative factors, Thus, the equivalent
chain length can be found from:

NE = N + AN1 + AN2 (X NN

Once NE is known, T, can be calculated from Eq, 7 or
Eq, 8 inserting NE for N,

By is found from Eq, 9 or Eq., 10, inserting B, and NE
for B and N,

Subsequently the required viscosity is calculated by
Eq, 6, as both factors B and To are now known,

Table I gives the various functions for AN amd A B for
a number of functional groups and structural configurations,
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N-B- There exists one important difference between the calculation
of NE and B:
If the compound contains two or more identical functional
groups, the AN correction for this group shauld be applied,
twice, thrice, etc.,seo. On the contrary, for the calculation
of B, the functional correction has to be applied only once.

A few examples follow:

I) Pentanoic Acid (Valeric acid)

Calculation of NE from N and Table I:

N = 5,00
aN: (acids) 6,795 + 5 x 0,365 = 8,62
NE = 13.62

Calculation of B from NEy Eqe 9 +ee.ee and Table IT

By = 24,79 + 66,885 x 13,62 = 1,3173 X 13,622 - 0.00377 x 13,623
651,86
56,64

W

AB (acids): = 249,12 + 22,449 x 13,62

B ’-"738050
Calculation of T, from NE (Eq. 7)
To = 28,86 + 37,439 x 13.62 = 1.3547 x 13,622 + 0,02076 x 13,623
To = 339.93%K

1 1
Thus H log 7 L = 738‘ 50 —rIT - 33—9——;

Calculation of NE:

N = 1,00
AN, : 3 x (chlorine) = 3 x 3,21 = 9,63
4N, : (C(C1l)3 configuration) = 1.91 — 3 x 1,459 = =2,47
NE = 8,16
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Calculation of B:
By : 24,79 + 66,885 x 8,16 - 1,3173 x 8,162 -
- 0,00377 x 8,163

gchlorine)

AB,
c(C1l)3 configuration)

4Bo

From Eq, 7 it follows that Ty = 255,44°K and

1 1
log 9, = 43T.4o | — = ————
T 255,44

Calculation of NE:
aN; : (ketones) 3,265 - 13 x 0,122
0N, : 2 Aromatic (ketones) = 2,70

Calculation of B (Eq, 10)
Bg ¢ 530,59 + 13.74 x 20,08

4By : ketones: - 117,21 + 15.781 x 20,08
4B> : Aromatic (ketones): - 760,65 + 50,418 x 20,08
From Eq, 8 it follows that T, = 402,50°K and
1 1
log W = 1259.11 | — = ——
L T 402,50

A comparison of the viscosity data and the calculated

values can be found in Appendix I,

480,81

- 17003
= - 26,38

437440

13,00
1,68

5¢40

20 ,08

806,49
199,67
252,95

=1259.11
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5. DISCUSSION

The relations given in Table I have been developed and
tested by consideration of a large number of data, covering 314
different compounds with nearly 4500 data points,

All experimental and calculated values of the viscosity,
experimental and calculated values of Ty, NE and B, together with
the mean absolute error per compound are given in Appendix I,

Appendix II contains an alphabetical index of all compounds,
Besides as a demonstration of the proposed correlation, Appendix I
may also serve a useful purpose as a handbook for viscosity data,

It appears that the agreement between the calculated
and experimental values is generally satisfactory., The error distri-
bution is as follows:

No, of compounds Lercentage

0 - 5% 177 56.4
5 = 10% 68 21,7
10 ~ 15% 27 8.6
15 - 20% 13 4.1
20 - 25% 8 2.5
25 - 30% 5 146
30 - 40% 8 2.5
4o - 50% 3 1.0
50 - 60% 2 0,6
6o - To% - -
To - 80% - -
8o - 90% 1 0.3
90- 100% - -

100% 2 0,6

The very large errors are usually found in the first numbers
of a homologous series, e,g,.:

me thane : 111,6% methanol : 172,0%
ethene s 45.2% ethanol : 84, 7%
propene : 25,4% benzene : 30,89
methanoic acid 58, 0% cyclohexane : 33.4%
ethanoic acid: 26,3% cyclopentane 33.,1%

The above mentioned error distribution compares favourable
with the error distributions for other methods, calculated by
Reid and Sherwood [16] , A detailed comparison between the various
methods and this work has been the subject of a separate study [26] .
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Two final remarks have to be made:

1.) A mumber of the relations given in Table II are based on
a limited number of data points, This implies that extrapo-
lation beyond the range for which the relation has been de-
veloped, may yield erroneous results, The relations given
in Table II must therefore not be considered as definitive;
if more data become available, in certain cases other relation-
ships will have to be inserted to match all experimental
data as well as possible,

2,) The proposed relation is based on the De Guzman-Andrade equation,
although the modified forms of this equation generally yield
a better fit of experimental and calculated points for single
compounds, In the course of the present study the authors
have made many attempts to base the relatior on the Gutmann
and Simmons formula (Eq, 2) and on the Girifalco formula
(Eq, 3)., These attempts were not successful, as the intro-
duction of a third constant (C) severely influences the value
of B, No simple and cumulative relations could be developed
for B and C, Generally NE is not seriously affected by the
use of modified forms of the De Guzman-Andrade equation,

The final conclusion is that the aim to develop a relation-
ship in which no other physical properties occur and which is
reasonably accurate, has adequately been reached,



TABLE I

Functions for AN and AB

Number of com-—

AN AB pounds used
FUNGTIONAL GROUPS
n-Alkanes - - 22
Alkene —-0,152 = 0,042 N -44.,94 + 5,410 NE 19
Acid 3N < 1o 60795 + 0-365 N -249.,12 422,449 NE 10
N> 10 10,71 -249,12 +22,449 NE 4
Ester 4,337 = 0,230 N -149.13 +18a695 NE 22
Prim, alcohol 10,606 = 0,276 N ~589,44 +70,519 NE 6
Sec, alcohol 114200 = 0,605 N 497.58 1
Tert, alcohol 11,200 = 0,605 N 928,83 2
Diol Alcoholic correction + 55T«TT 2
configurational factor
Ketone 3,265 - 0,122 N -117.21 +15.781 NE 9
Ether 04298 + 0,209 N -9.39 + 2,848 NE 5
Prim, amine 3,581 + 0,325 ¥ 2539 + 8,744 NE 6
Sec, amine 1,390 + 0,461 N 25039 + 8,744 NE 5
Tert, amine 3.27 25.39 + 8,744 NE 3
Fluoride 1.43 575 2
Chloride 3.21 —17.03 4
Bromide 4.39 =101.97 + 5,954 NE 9
Todide 5.76 -85,32 4
Aromatic and 1-nitro 7.812 = 0,236 N -213,14 +18,330 NE 4
2-nitro 5.84 -213.,14 +18,330 NE 6
3-nitro 5456 -338,01 +25,086 NE 9
445-nitro 5.36 -338,01 +25,086 NE 6
CONFIGURATIONAL FACTORS
Correction for aromatic nucleus
Alkyl-, halogen-, nitrobenzenes,
sec, and tert, amines 8 < N < 15 0,60 -140,04 +13.869 NE 99445445,3
N >15 3,055 - 0,161 N -140,04 +13.869 NE 7




TABLE I
Coutinue
Number of com-
AN AB pounds used
Acids 4,81 -188,40 + 9,558 NE 3
Esters ~1.1T4 + 0,376 N -140,04 + 13,869 NE 3
Alcohols: OH attached to nucleus: take for all phenolic compourds
IE = 16,17 I) 213.68 8
Alcohols: OH in side chain ~0,16 213,68 2
Ketones 2,70 ~760,65 + 50,478 NE 2
Bthers: take for all aromatic ethers
NE = 11,50 I) ~140,04 + 13.869 NE 9
Primary amines: NH, attached to nucleus: take for all anilinic compourds
NE = 15,04 I) - T
Primary amines: NHp in side chain -0,16 - 1
Various
Polyphenyls ~-5.340 + 0,815 N -188.40 + 9.558 XNE 4
Ortho—configuration 0,451 OH group present: =571.94 2
without OH: 54,84 5
Meta~configuration 0,11 27.25 : 6
Para-configuration -0,04 -1T7.57 6
Cyclopentane 7< N < 15 04205 + 0,069 N -45,96 + 2,224 NE 9
N>15 3,971 = 0,172 XN =339,67 + 23,135 NE 6
Cyolohexane 8 <N <16 1. 48 -272,85 + 25,041 NE 9
N> 16 64517 — 0,311 N -272,85 + 25,041 NE 6
150-CONFLGURATION
Alkanes 10389 - 0,238 ¥ 15.51 4
Double iso in alkanes (extra
correction) 0.93 - 3

I) Other substituents, such as Cl, CH3y NO2 ,... are neglected for the determination of
NE. For the calculation of B, they have to be taken into account,

-g'[—



TABLE I

Continue
Number of com-—
AN A3 pounds used
Alkenes 1 0389 - 0,238 8093 3
Alcohols 0,24 94,23 5
Esters, alkylbenzenes, halogenides,
ketones —0,24 8.93 55195, 1
Acids —0,24 - 2
Ethers, amines —0,450 8.93 4,2
VARTOUS
c(C1)g~configuration 1.91 = 1,459 X -26,38 4
~CC1l-CC1l- 0,96 - 2
—C(Br) ¢~ 0,50 81.34 - 86,85 X 2
-CBr—-CBr- 1460 =-5T+73 3
CF,- (in alcohols) =393 341,68 2
(o%her compourd s) -3,93 25,55 6
Diols =-2,50 + N "See alcohols 2

—9‘[-
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APPENDIX I

COMPILATION OF LITERATURE DATA

This part of the repat contains a compilation of all
viscosity data used in the study,

The values of NE, B and Ty quoted as "from experimen-
tal data" have been calculated by regression analysis from the
literature data,

The values of NE, B and Ty, quoted as "calculated from
correlation'" have been calculated using the data of Table I as
shown in the examples of pg, 10 and 11 of the report.

The mean absolute error is expressed in per cent of
the experimental values (see page 8 of the report),

The reference numbers refer to the literature list given
on page 15,
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NAME OCTANOIC ACID (N-CAPRYLIC ACID)

FORMULA  C8 H16 02
CONSTANTS NE B TO(DEG.K)
FROM EXPERIMENTAL DATA  17.13  979.13  377.02
CALC. FROM CORRELATION  17.71 923.65  382.32
TEMP. VISCOSITY
(DEG.C) (CP)
EXP. CALC.
20.0 5.748 5,430
50 20 21620 21769
7010 1:840 1.887
90 .0 1:300 1.341
NUMBER OF DATA POINTS 4
MEAN ARSOLUTE ERROR 4.2
REFERENCES 18
NAME NONANOIC ACID (PELARGONIC ACID)
FORMULA  C9 H18 02
CONSTANTS NE B TO(DEG.K)
FROM EXPERIMENTAL DATA  19.05 1026.92  393.97
CALC. FROM CORRELATION  19.08 974.40  394.22
TEMP. VISCOSITY
(DEG-C) (CP)
EXP. CALC.
20.0 8.080 7.113
5510 7.000 61256
50+0 31790 3.495
70 20 2:410 22332
900 1:730 12627
NUMBER OF DATA POINTS 5
MEAN ABSOLUTE ERROR 7.9
REFERENCES 18
NAME DECANOIC ACID (CAPRIC ACID)
FORMULA  C10 H20 02
CONSTANTS NE B TO(DEG.K)
FROM EXPERIMENTAL DATA  20.61 987.89 40
. . 6.82
CALC. FROM CORRELATION  20:44 1021.17 405.45
TEMP.
(DEG-C) ey 1Ty
EXP. CALC.
50. 44,340 4
70, 2.880 3:362
NUMBER OF DATA POINTS 2
MEAN ABSOLUTE ERR
REFERENCES OR 197
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NAME BENZOIC ACID
FORMULA C7 H6 02
CONSTANTS NE B
FROM EXPERIMENT DATA 20474 2617.62
CALC. FROM CORR ATION 21.16 1061.08
TEMP., VISCOSITY
(DEG.C) (CP)
EXP. CALC.
122 .5 1.670 1.265
130.0 1.260 1.128
NUMBER OF DATA POINTS 2
MEAN ABSOLUTE ERROR 17.4
REFERENCES 18
NAME PHENYLETHANOIC ACID
FORMUL A C8 H10 02
CONSTANTS NE B
FROM EXPERIMENTAL DATA 22.79 1073.11
CALC. FROM CORRELATION 22.52 1123.29
TEMP, VISCOSITY
(DEG.C) (CP)
EXP., CALC
77.0 <540 3.538
130.0 1 400 1.340
NUMBER OF DATA POINTS 2
MEAN ARSOLUTE ERROR 242
REFERENCES 18

NAME 3-PHEMYL PROPANOIC ACID
FORMUL A C9 H1O 02
CONSTANTS NE B
FROM EXPERIMENTAL DATA 24.03 1224.95
CALC. FROM CORRELATION 23.89 1185.97
TEMP, VISCOSITY
(DEG.C) (CP)
EXP. CALC.
49,7 9.800 B.672
130.0 1.720 1.609
NUMBER QOF DATA POINTS 2
MEAN ARSOLUTE ERROR 9.0
REFERENCES 18

TO(DEG.K)

407 .88
411.31

(PHENYLACETIC ACID)

TO(DEG.K)

424,62
422 41

(B-PHENYLPROPIONIC ACID)

TO(DEG.K)

434,74
433,59

A 95



METHYL ESTER (METHYL FORMATE)

NAMT METHANOIC ACTID,
FORM YA C7 H& 07
CONSTANTS NE B TO(DEG.K)
FRON FXPERIMENTAL DATA 6.15 363.19  212.70
it L LROM CORRELATION 5.88 332.56 206.38
el VISCOSITY
TG L (cP)
EXP . CAaLC.
(o 0 426 0.401
‘e 0 o400 0.379
s (.381 0.363
3C Lt 0363 0.347
70 1 0.347 0.333
A 02330 0.318
X 0.319 0.308
NUMETf OF DAaTE POINTS 7
MEAN LESOLUTE ERROFK 445
KRR RENCES 18
Ml CTHANGTC AC D, METHYL ESTER (METHYL ACETA:
FEIRM C3 H6 0P
RS TTRITS, INE TO(DEG.!
BREOM L APERIMENTAL  DATA 6065 L0862 224,03
CREE . FROM CORREL AT TON 6465 385, 40 224.03
ME VISCOSITY
ORGS0 (CPY
EXP. ‘CALC.
6.5 0.4676 0.488
P 0. 4bé 04456
e 0.39% 0. 407
vy 0.371 0.382
TR 0.349 0.361
LAY 0.330 0.343
a4t L4 0.310 0.323
G0 | 0.294 0.324
B 0.783 0.296
hey 0.273 0.286
H.0 0.484 0.490
s 0.676 0488
toss 0.464 0. 456
Lol 0.395 0.407
20,0 0.381 0.393
L ) e ‘ .
I %.225 8“%2%
G400 0.320 02324
ST 0.330 0343
GO LG 0.310 0.323
0 ) 0.294 0324
50 % 0.2R3 0.2
l;._'r i 5= ad 96
L 0.273 0.286
NUMBER OF DATA POINTS
MaN ABSOLUTE E 23
pEfe i T ERROR 8%
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NAME NONANOIC ACID ETHYL ESTER (ETHYL PELARGONATE)
FORMUL A Cll H22 02
CONSTANTS NE B TO(DEG.K)
FROM EXPERIMENTAL DATA 12.76  703.6
CALC. FROM CORRELATION 12.81 74%.82 %%3:%3
TEMP., VI
(DEG.C) (CE%OSITY
EXP. CALC.

25.0 1.690 1.740

50 .0 1.110 1.113
NUMBER OF DATA POINTS 2
MEAN ABSOLUTE E ROR 1.6
REFERENCES 18
NAME HEXADECANOIC ACID,ETHYL ESTER (ETHYL PALMITATE)
FORMUL A C18 H36 02
CONSTANTS NE B TO(DEG.K)
FROM EXPERIMENTAL DATA 17.77 1015.54  382.86
CALC . FROM CORRELATION 18.20 974.13 386,67
TEMP . VISCOSITY
(DEG.C) (CP)

EXP. CALC.

25,0 5.760 5.596

50.0 3.140 3.127
NUMBER OF DATA POINTS 2
MEAN ABSOLUTE ERROR 1.6
REFERENCES 18
NAME OCTADECANNIC ACID, ETHYL ESTER (ETHYL STEARATE)
FORMUL A C20 H40 02
CONSTANTS NE R TO(DEG.K)
FROM EXPERIMENTAL DATA 0. 0.0 0.0
“ALC. FROM CORRELATION 16.74 1022.68 399,71
TEMP., Yég%OSITY
DEG.
(DEG.C) P CALC.

50 +0 3.750 4,037
VUMBER OF DATA POINTS 1
MEAN ABSOLUTE ERROR 7.7
2EFERENCES 18
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NAME METHANOIC ACID, 2-ME .PROP.ESTER (ISOBUT.FORMATE)
FORMUL A C5 H10 02
CONSTANTS NE B TO(DEG.K)
FROM EXPERIMENTAL DATA 0.0
CALC. FROM CORRELATION 7.95 4781%0 2%?12?
TEMP. Vv
(DEG.C) (é§§OSITY
EXP. CALC.

20.0 0.665 .

20 .0 0.644 8.2%2
NUMBER OF DATA POINTS 2
MEAN ABSOLUTE ERROR 18.4
REFERENCES 18
NAME PROPANOIC ACID, 2-ME.PROP.ESTER (PROPIONATE)
FORMUL A C7 H14 02
CONSTANTS ' NE B TO(DEG.K)
FROM EXPERIMENTAL DATA 0.0 0.0 0.0
CALC. FROM CORRELATION 9 .49 574 .88 279 .89
TEMP, VISCOSITY
(DEG.C) (CP)

EXP. CALC.

2540 0.670 0.748
NUMBER OF DATA POINTS 1
MEAN ABSOLUTE ERROR 11.7
REFERENCES 18
NAME ETHANOIC ACID, 2-ME.PROP.ESTER (ISOBUT.ACETATE)
FORMUL A C6 H12 02
CONSTANTS NE B TO(DEG.K)
FROM EXPERIMENTAL DATA 8.96 533,99 270.49
CALC. FROM CORRELATION 8.72 528,18 266,08
"TEMP, YéS?OSITY
(DEG.C) — CALC .

20 40 0.703 0.656

1929 0,724 0.657

78.1 0.366 0.330

99 .4 0.287 0.271
NUMBER OF DATA POINTS 4
MEAN ABRSOLUTE ERROR 7.9
REFERENCES 18
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NAME 2-HEPTANONE (METHYL AMYL KETONE)

FORMUL A C7 Hl4 O
CONSTANTS NE B TO(DEG.K)
FROM EXPERIMENTAL DATA 0.0 0.0 0.0
CALC . FROM CORRELATION 9.41 565,68 278.50
TEMP, vIsSCo
(DEG.C) (CP) SITY
EXP. CALC.
25.0 0.766 0.735
NUMBER OF DATA POINTS 1
MEAN ABSOLUTE ERRQOR 4.1
REFERENCES 18
NAME 3-HEPTANONE (ETHYL BUTYL KETONE)
FORMUL A C7 Hl4 O
CONSTANTS . NE B TO(DEG.K)
FROM EXPERIMENTAL DATA 0.0 0.0 0.0 :
CALC. FROM CORRELATION 9.41 565 .68 278,50
TEMP, VISCOSITY
(DEG.C) (CP)
. EXP. CALC.
20.0 0.839 0.791
NUMBER OF DATA POINTS 1
MEAN ABSOLUTE ERROR 5.7
REFERENCES 18
NAME 4-HEPTANONE (DIPROPYL KETONE)
FORMULA C7 Hl14 O '
CONSTANTS NE B TO(DEG.K)
FROM EXPERIMENTAL DATA 0.0 0.0 0.0
CALC. FROM CORRELATION 9.41 565,68 278.50
TEMP. VISCOSITY
(DEG.C) (CP)
EXP. CALC.
25.0 0.685 0.735
NUMBER OF DATA POINTS 1
MEAN ABSOLUTE ERROR 7.2
REFERENCES 18
NAME 5-NONANONE (DIBUTYL KETONE)
FORMULA C9 H18 O
CONSTANTS NE B TO(DEG.K)
FROM EXPERIMENTAL DATA 0.0 0.0 0.0
CALC. FROM CORRELATION 11.17 661 .34 306,96
TEMP. VISCOSITY
(DEG.C) (CP)
EXP. CALC.
20.0 1.282 1.263
NUMBER OF DATA POINTS 1
MEAN ABSOLUTE ERROR é-S
REFERENCES 1
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NAME METHYL BENZYL ETHER
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CONSTANTS NE B
FROM EXPERIMENTAL DATA 0.0 0.0
CALC. FROM CORRELATION 11.50 656483
TEMP. VISCOSITY
(DEG.C) (CP)
EXP. CALC.
45,0 1.042 0.908
NUMBER OF DATA POINTS 1
MEAN ABSOLUTE ERROR 12.9
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CONSTANTS | NE B
FROM EXPERIMENTAL DATA 0.0 0.0
CALC. FROM CORRELATION 11.50 711.68
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45,0 0.858 0.901
NUMBER OF DATA POINTS 1
MEAN ABSOLUTE ERROR 5.0
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FROM EXPERIMENTAL DATA 0.0 0.0
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MEAN ABSOLUTE ERROR 2.2
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NUMBER OF DATA POINTS 1
MEAN ABSOLUTE ERROR 11.8
REFERENCES 18
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NAME 1,5-DICHLOROPENTANE
FORMUL A C5 H10 CL2
CONSTANTS NE B TO(DEG.K)
FROM EXPERIMENTAL DATA 0.0 0.0 0.0
CALC. FROM CORRELATION 11.42 594,17 310.66
TEMP, VISCOSITY
(DEG.C) (CP)
EXP. CALC.
25.0 1.600 1.203
NUMBER OF DATA POINTS 1
MEAN ABSOLUTE ERROR 24.8
REFERENCES 18
NAME D IBROMOMETHANE (METHYLENE BROMIDE)
FORMUL A C H2 BR2
CONSTANTS NE B TO(DEG.K)
FROM EXPERIMENTAL DATA 10.37 428,91  294.57
CALC. FROM CORRELATION 10.28 435,93 293,12
TEMP. VISCOSITY
(DEG.C) (CP)
EXP. CALC.
15.0 1.090 1.061
30. 0.920 0.893
NUMBER OF DATA POINTS 2
MEAN ABSOLUTE ERROR 2.8
REFERENCES 20
NAME TRIBROMOMETHANE (BROMOFORM)
FORMUL A C H BR3
CONSTANTS NE 8 TO(DEG.K)
MENTAL DATA 14.57 519.07  350.97
EQE@.Eéﬁﬁﬁ‘co REL AT ION 14.67 516,79  352.09
TEMP. vISCOSITY
(DEG.C) EXP. CALC.
2.217 2.277
%228 2.152 2.117
25.0 1.890 1.833
30 .0 1.741 1.724
76.5 1.009 1.02%
64 2.381 2.40
UMBER OF DATA POINTS 6
MEAN ABSOLUTE ERROR 15 50
REFERENCES ’
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NAME 4-NITRO-3~0CTENE
FORMUL A C8 H15 N 02
CONSTANTS NE B
FROM EXPERIMENTAL DATA 12.74  657.30
CALC. FROM CORRELATION 12.87  668.89
TEMP. VISCO
(DEG.C) (cpyo> Ty
EXP. CALC.
30 .0 1.499 1.524
40 .0 1.268 1.296
60 .0 0.955 0.964
NUMBER OF DATA POINTS 3
MEAN ABSOLUTE ERROR 1.6
REFERENCES 24
NAME 4-N1TRO-4-0C TENE
FORMUL A C8 HL5 N 02
CONSTANTS NE B
FROM EXPERIMENTAL DATA 13.02  680.49
CALC . FROM CORRELATION 12.87  668.89
TEMP. VISCOSITY
(DEG<C) (CP)
EXP. CALC.
30 .0 1.603 524
40 .0 1.347 1.296
60 .0 1.005 0.964
NUMBER OF DATA POINTS 3
MEAN ABSOLUTE ERROR 4.3
REFERENCES 24
NAME 2-NITRO-2-NONENE
FORMUL A C9 H17 N 02
CONSTANTS NE B
FROM EXPERIMENTAL DATA 14.27 709.17
CALC. FROM CORRELATION 14.31 782.74
TEMP, VISCOSITY
(DEG.C) (CP)
EXP, CALC.
30 2.019 2.152
40 .0 1.683 1.780
60 . 1.241 1.260
NUMBER OF DATA POINTS 3
MEAN ABSOLUTE ERROR 4.6
REFERENCES 24

TO(DEG.K)

328.88
330.57

TO(DEG.K)

332.49
330.57

TO(DEG.K)

347.58
348.03
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NAME 3-NITRO=-2-NONENE
FORMULA C9 H17 N 02
CONSTANTS NE 8
FROM EXPERIMENTAL DATA 14.06 753,73
CALC. FROM CORRE ATION 14.03 738.37
TEMP, VISCOSITY
(DEG.C) (CP)
EXP, CALC.
30.0 2.038 1.968
40. 1.680 1.646
60 .0 l1.215 1.188
NUMBER OF DATA POINTS 3
MEAN ABSOLUTE ERROR 2.6
REFERENCES 24
NAME 3-NITRO-3-NONENE
FORMUL A C9 H17 N 02
CONSTANTS NE B
FROM EXPERIMENTAL DATA 13.87 721.02
CALC. FROM CORRELATION 14.03 738,37
TEMP, VISCOSITY
(DEG.C) (CP)
EXP. CALC.
30.0 1.915 1.968
40 .0 1.595 1.646
60.0 1.168 1.188
NUMBER OF DATA POINTS 3
MEAN ABSOLUTE ERROR 2.6
REFERENCES 24
NAME 4-NITRO-3-NONENE
FORMULA C9 H17 N 02
CONSTANTS NE
FROM EXPERIMEN DATA 13,77 729 .81
CALC. FROM COR ATIO 13.83 126.67
TEMP, VISCOSITY
{DEG.C) (CP)
EXP. CALC.
30.0 1.899 1.884
60 .0 1.151 l1.146
NUMBER OF DATA POINTS 3
MEAN ABSOLUTE ERROR 0.5
REFERENCES 24

TO(DEG.K)

345,15
344,80

TO(DEG.K)

342 .92
344,80

TO(DEG.K)

341.73
342.44
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NAME TRIFLUCROTRICHLOROETHANE
FORMULA C2 CL3 F3
CONSTANTS NE B TO(DEG.K)
FROM EXPERIMENTAL DATA 8.77 489.18 267.01
CALC., FROM CORRELATION 9.52 526.79 280.41
TEMP, VISCOSITY
(DEG.C) (CP)
EXP. CALC.

20.0 0.698 0.829

30.0 0.614 0.723

40.0 0.546 0.636

45,0 0.516 0.599
NUMBER OF DATA POINTS 4
MEAN ABSOLUTE ERROR 17.2
REFERENCES 19



APPENDIX II

ALPHABETICAL INDEX

The page numbers refer to the page of Appendix T where
the viscosity data of the compourds can be found,

Many compounds are mentioned twice in the index; once
by the name following the IUPAC 1957 rules and often by one tri-
vial name,






Acetic acid
Acetone
Acetophenone
Allyl alcohol
Allyl amine
Allyl bromide
Allyl chloride
Allyl iodide
2=Aminotoluene
3=Aminotoluene
A-Aminotoluene
3=Aminopropene
n-Amyl acetate
d-Amyl alcohol
n=-Amyl bromide
Aniline
Anigole

Benzene
Benzoic acid
Benzoic acid,

Benzoic acid,

Benzophenone
Benzyl alcohol
Benzyl amine
Benzyl benzoat
Benzyl phenyl
Biphenyl
Bromobenzene
1-Bromobutane
1=Bromodecane
Bromoethane
Bromoform
1=~Bromoheptane
1~Bromohexane

1-Bromo, 2-methylpropane

1-Bronononane
1=Bromooctane
1=-Bromopentane
1=Bromopropane
3~Bromopropene
Butane
Butanoic
Butanoic

acid
acid,
Butanoic acid,

Butanoic acid,

benzyl
egter
ethyl

ester

e
amine

ethyl
ester
methyl
ester
propyl
ester

R

> o e

PR

.

=

o
N

107
110

142
134
133
134
138
138
138
142
103

82
120
137
115

56
106
106
110

140
106

141

126
120
122
119
131
121
120
122
121
121
120
119
134

90

100

97

103

1=Butanol
2-Butanone
1=Butene

n~-Butyl acetate
n-Butylamine
Butylbenzene
n-Butyl bromide
Butylcyclohexane
Butylcyclopentane
n~Butyl formate
Butyric acid

Capric acid
Caproic acid
n-Caprylic acid
Carbon tetrachloride
2=Chloroaniline
3~Chloroaniline
4~-Chloroaniline
Chlorobenzene
Chloroethane
Chloroform
Chloromethane
1=Chloro, 2-methylpro-
pane
o-Chlorophenol
m-Chlorophenol
p~Chlorophenol
1-Chloropropane
2=Chloropropane
3=Chloropropene
o=Cresol
m~Cresol
p-Cresol
2—Cresyl methyl ether
3=Cresyl methyl ether
4-Cresyl methyl ether
Cyclohexane
Cyclopentane

Decane

Decanoic acid

1-Decene

Decylbenzene

n-Decyl bromide

Decylcyclohexane

Decylcyclopentane

142=Dibromoethane

Dibromome thane

142=Dibromo-2-methyl-
propane

e S R

e e

iR

92
1
92
129
139

122

132
131
133
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1,2=-Dibromopropane
Dibutyl ketone
1,1=Dichloroethane
142=Dichloroethane
Dichloromethane
145=Dichloropentane
Diethyl amine
N,N~Diethylaniline
Diethyl ether
Diethyl ketone
Diethyl phtalate
1,2=-Difluoroethane
Diisobutyl ether
Diisopropyl ether
N,N~Dimethylaniline
1,2=Dimethylbenzene
1y3-Dimethylbenzene
1y4~Dimethylbenzene
2,3=-Dimethyl=1,3-buta-
diene
2,2=-Dimethylbutane
243~Dimethylbutane
2y2=Dimethylpropane
Di(2-methylpropyl)ether
Diphenylamine
Dipropyl ether
Di?2-propyl)ether
Dipropyl ketone
Dodecane
Dodecanoic acid
Dodecanoic acid, methyl
ester
1=Dodecene
Dodecylbenzene
Dodecylcyclohexane
Dodecylcyclopentane

Eicosane
1=-Eicosene
Enanthic acid
Ethane
1y2=Ethanediol
Ethanoic acid
Ethanoic acid, butyl
ester
ethyl
ester
methyl
ester

Ethanoic acid,

Ethanoic acid,

Ethanoic acid,

propyl ester

P> R

P

e

P

A

132
109
129
130
128
131
136
142
111
108
106
127
114
114
142

T2

13

74

34

21
23
23
114
141
113
114
109
10
92
98

29
68
42
54

18
33
91

1
88

89
103
99

96

2-methyl- A 105

pentyl
ester
propyl
ester
2-propyl
ester

Ethanoic acid,
Ethanoic acid,
Ethanoic acid,

Ethanol

Ethene

Ethyl acetate

Ethylamine

N-Ethylaniline

Ethylbenzene

Ethyl benzoate

Ethyl n-butyl ketone

Etbyl butyrate

Ethyl bromide

Ethyl caprylate

Ethyl chloride

Ethylcyclohexane

Ethylcyclopentane

Ethyl formate

Ethyl hexyl ether

Ethyl iodide

E+thyl isobutyl ether

Ethyl 2-methylpropyl
ether

Ethyl palmitate

Ethyl pelargonate

Ethyl phenyl ether

Ethyl propionate

Ethyl propyl amine

Ethyl propyl ether

Ethyl stearate

Ethyl valerate

Ethylene bromide

Ethylene chloride

Ethylene fluoride

Ethylene glycol

Ethylidene chloride

Fluorobenzene
Formic acid

Heptadecane
1-Heptadecene
Heptane
Heptanoic acid
1-Heptanol
2=-Heptanone
3-Heptanone

PR > =

e

>

e

103
102
104

78
24

135
140

106
109
100
119
100
117

36

45

98
112
123
114
114

101
101
115

99
136
112
101
100
132
130
127

88
129

127

15
31

91

109
109
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A-Heptanone
1-Heptene
Heptylbenzene
n-Heptyl bromide
Heptylcyclohexane
Heptylcyclopentane
Hexacosane
Hexadecane
Hexadecanoic acid
Hexadecanoic acid,
ethyl ester
1-Hexadecene
Hexadecylbenzene
Hexadecylcyclohexane
Hexadecylcyclopentane
Hexahydrocresol
Hexane
Hexanoic acid
1=Hexanol
2=Hexanone
1-Hexene
Hexylbenzene
n-Hexyl bromide
Hexylcyclohexane
Hexylcyclopentane
2-Hydroxytoluene
3~Hydroxytoluene
4-Hydroxytoluene

Todobenzene
Todoethane
Todomethane

1=Iodo, 2-methylpropane

1=Iodopropane
2-=Iodopropane
3=Todopropene
Isoamyl alcohol
Isoamylamine
Isobutane
Isobutyl acetate
Isobutyl alcohol
Isobutylamine
Isobutyl bromide
Isobutyl chloride
Isobutyl formate
Isobutyl iodide
Isobutyl propionate
Isobutyric acid
Isoheptane
Isohexane

e e e e e e

el EEeee e

PR >

109
26
63

121
39
50
19
14
93

101

31
T
44

88

91
8o

108

62
120
39

49
86

86
86

125
123
123
125
124
124
134

82
137

20
105

137
122

118
105
125
105

22
21

Isopentane

Isoprene

Isopropyl acetate

Isopropyl alcohol

Isopropylbenzene

Isopropyl chloride

Isopropyl formate

Isopropyl iodide

Isopropyl trifluoro-
acetate

Lauric acid

Methane
Methanoic acid
Methanoic acid, butyl-

ester
Methanoic add, ethyl

ester
Methanoic acid, methyl

ester

Methanoic acid, 2-methyl

propyl ester
Methanoic acid, propyl

ester
Mthanoic acid, 2-propyl
ester
Methanol
Methyl acetate
Methylamine

Methyl n—amyl ketone
N-Methylaniline
Methylbenzene

Methyl benzyl ether
2-Methyl-1,3=~butadiene
2-Methylbutane
2-Methylbutanol-1
2-Methylbutanol~2
3-Methylbutanol-1

2-Me thyl-2-butene
(2=Methylbutyl)amine
Methyl n~butyl ketone
Methyl butyrate

Methyl chloride
Methylcyclohexane
Methylcyclopentane
N-~Methyl~diphenylamine

1-Methyl, 4-ethylbenzene

Methyl ethyl ketone

= e e o

gl

A

A

R A R R

93

89
103
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Methyl formate
2=Methylhexane
Methyl iodide
Methyl isobutyl ether
Methyl isobutyl ketone
Methyl isobutyrate
Methyl laurate
Methyl 2-methylpropyl
ether
2-Methylpentane
4=Methyl-2-pentanone
Methyl phenyl ether
2~Methylpropane
2-Methylpropanoic acid
2=Methylpropanoic acid,
methyl ester
2-Methylpropanol-1
2=Methylpropanol-2
Methyl propionate
(2-Methylpropyl)amine
Methyl propyl ether
Methyl propyl ketone
Methyl valerate
Methylene bromide
Methylene chloride
Myristic acid

Neohexane
Neopentane
Nitrobenzene
2=Nitro~-2-butene
2-Nitro-2-~hexene
3=-Nitro-2-hexXene
3=Nitro=-3-hexene
2-Nitro-2-heptene
3=Nitro=-2-heptene
3~Nitro=3~heptene
A-Nitro=3-~heptene
Nitromethane
2=-Nitro=-2-nonene
3-Nitro-2-nonene
3=-Nitro-3-nonene
4-~Nitro-3—-nonene
4~Nitro-4-nonene
5=Nitro~4-nonene
2-Nitro-2-octene
3=Nitro-2-octene
3=Nitro-3-octene
4=-Nitro-3-octene
4~Nitro=4-octene
2-Nitro=2~pentene

e e e e

A o

e R

131
128

93

21

23
143
144
145
146
146
146
147
147
147
143
149
150
150
150
151
151
148
148
148
149
149
145

3-Nitro-2~pentene

o=-Nitrophenol

o=-Nitrotoluene

m-Nitrotoluene

Nonadecane

1=Nonadecene

Nonane

Nonanoic acid

Nonanoic acid, ethyl
ester

5~Nonanone

1=Nonene

Nonylbenzene

n-Nonyl bromide

Nonylcyclohexane

Nonylcyclopentane

Octadecane
Octadecanoic acid
Octadecanoic acid,
ethyl ester
1-Octadecene
9-0ctadecenoic acid
Octane
Octanoic acid
Octanoic acid, ethyl
ester
1-0ctanol
1=0Octene
Octylbenzene
n-Octyl bromide
Octylcyclohexane
Octylcyclopentane
Oleic acid

Palmitic acid
Pelargonic acid
Pentadecane
i1-Pentadecene
Pentadecylbenzene
Pentadecylcyclohexane
Pentadecylcyclopentane
Pentane
Pentanoic acid
Pentanoic acid, ethyl
ester
me thyl
ester

Pentanoic acid,

1-Pentanol
2=-Pentanone

145
87
144
144
17
32

92
101

LR S

109
27

121
40
52

i
()
w

16
94
101

=

32
94

92

100

e
(o)

81
27

121
40

94

e

93
13
30
T
55

91

100
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3~Pentanone
1~-Pentene
Pentylbenzene
Pentylcyclohexane
Pentylcyclopentane
Phenetole
Phenol
Phenylacetic acid
Phenylethanoic acid
2-Phenylethanol
Phenylethanone
3=-Phenylpropanoic acid
B=Phenylpropionic acid
Phtalic acid, diethyl
ester
Propane
1,2-Propanediol
Propanoic acid
Propanoic acid, ethyl
ester
methyl
ester

Propanoic acid,

Propanoic acid,
propyl
Propanoic acid,

ester
propyl
ester
1=-Propanol

2-Propanol
2=Propanone

Propene

3~Propenol

Propionic acid
Propyl acetate
Propylamine
Propylbenzene
(2-Propy1)benzene
Propyl bromide

Propyl butyrate
Propyl chloride
Propylcyclohexane
Propylcyclopentane
Propyl formate

Propyl iodide

Propyl phenyl ether
Propyl propionate
Propylene glycol

Stearic acid

e R

=3

2-methyl-A

A

PR ER e

102
124
115
102

88

94

o-Terphenyl
m-Terphenyl
p=Terphenyl
Tertiary amyl alcohol
Tertiary butyl alcohol
1914242=Tetrachloro-
ethane
Tetrachloromethane
Tetradecane
Tetradecanoic acid
1-Tetradecene
Tetradecylbenzene
Tetradecylcyclohexane
Tetradecylcyclopentane
Toluene
o=Toluidine
m-Toluidine
p-Toluidine
Triacontane
Tribromomethane
Trichloromethane
Tridecane
1-Tridecene
Tridecylbenzene
Tridecylcyclohexane
Tridecylcyclopentane
Trifluorocacetic acid
Trifluoroacetone
Trifluoroethanoic acid
Trifluoroethanoic acid,
2-propyl ester
Trifluoroisobutanol-
Trifluoroisopropanol
Trifluoromethylcyclo~
hexane
Trifluoro-2-methylpro-
panol
Trifluoro-2-propancl
Trifluoro~2-~propanone
Trifluorotoluene

Trifluorotrichloroethane

14244~Trimethylbenzene

Undecane

1-Undecene
Undecylbenzene
Undecylcyclohexane
Undecylcyclopentane

e R

L

>

- S

153
153
153
153

152
152
151

152

152
153
151
154

[P

28
67
41
53



Valeric acid

o-Xylene
m-Xylene
p-Xylene

e > b

91

T2
T4
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