Landolt-Bornstein
Numerical Data and Functional Relationshipsin Science and Technology
New Series/ Editor in Chief: W. Martienssen

Group IV: Physical Chemistry
Volume 18

Viscosity of Pure Organic
Liquids and Binary Liquid
Mixtures

Subvolume A
Pure Organometallic and Organononmetallic Liquids,
Binary Liquid Mixtures

Ch. Wohlfarth, B. Wohlfahrt

Edited by M. D. Lechner

Springer




ISSN 1615-2018 (Physical Chemistry)

ISBN 3-540-64584-5 Springer-Verlag Berlin Heidelberg New Y ork

Library of Congress Cataloging in Publication Data

Zahlenwerte und Funktionen aus Naturwissenschaften und Technik, Neue Serie

Editor in Chief: W. Martienssen

Vol. 1V/20C: Editor: M.D. Lechner

At head of title: Landolt-Bornstein. Added t.p.: Numerical data and functional relationships in science and technology.
Tables chiefly in English.

Intended to supersede the Physikalisch-chemische Tabellen by H. Landolt and R. Bornstein of which the 6th ed. began publication in 1950 under title:
Zahlenwerte und Funktionen aus Physik, Chemie, Astronomie, Geophysik und Technik.

Voals. published after v. 1 of group | have imprint: Berlin, New Y ork, Springer-Verlag

Includes bibliographies.

1. Physics--Tables. 2. Chemistry--Tables. 3. Engineering--Tables.

|. Bornstein, R. (Richard), 1852-1913. II. Landolt, H. (Hans), 1831-1910.

111. Physikalisch-chemische Tabellen. IV. Title: Numerical data and functional relationships in science and technology.
QC61.23 50212 62-53136

This work is subject to copyright. All rights are reserved, whether the whole or part of the material is concerned, specifically the rights of translation,
reprinting, reuse of illustrations, recitation, broadcasting, reproduction on microfilmor in other ways, and storage in data banks. Duplication of this
publication or parts thereof is permitted only under the provisions of the German Copyright Law of September 9, 1965, in its current version, and
permission for use must always be obtained from Springer-Verlag. Violations are liable for prosecution act under German Copyright Law.

Springer-Verlag Berlin Heidelberg New Y ork
amember of BertelsmannSpringer Science+Business Media GmbH

© Springer-Verlag Berlin Heidelberg 2001
Printed in Germany

The use of general descriptive names, registered names, trademarks, etc. in this publication does not imply, even in the absence of a specific statement,
that such names are exempt from the relevant protective laws and regulations and therefore free for general use.

Product Liability: The data and other information in this handbook have been carefully extracted and evaluated by experts from the original literature.
Furthermore, they have been checked for correctness by authors and the editorial staff before printing. Nevertheless, the publisher can give no guarantee
for the correctness of the data and information provided. In any individual case of application, the respective user must check the correctness by
consulting other relevant sources of information.

Cover layout: Erich Kirchner, Heidelberg

Typesetting: Authors and Redaktion Landolt-Bornstein, Darmstadt
Printing: Compuiter to plate, Mercedes-Druck, Berlin

Binding: Lideritz & Bauer, Berlin

SPIN: 10639275 63/3020-5 4 3 2 1 0- Printed on acid-free paper



Editor

M.D. Lechner

Institut fur Physikalische Chemie
Universitat Osnabriick

D-49069 Osnabriick, Germany

Authors

Ch. Wohlfarth

Institut fur Physikalische Chemie
Martin-Luther-Universitét Halle-Wittenberg
D-06217 Merseburg, Germany

B. Wohlfarth

Fachbereich Chemie- und Umweltingenieurwesen
Fachhochschule Merseburg

D-06217 Merseburg, Germany

Landolt-Bornstein

Editorial Office

Gagernstr. 8, D-64283 Darmstadt, Germany
fax: +49 (6151) 171760

e-mail: Ib@springer.de

Internet
http://science.springer.de/newmedia/laboe/l bhome.htm

Helpdesk
e-mail: em-hel pdesk@springer.de



Preface

The calculation, interpretation and prediction of the physical quantities of moving particles and liquids
need precise values of the viscosities. The most famous equations are Stoke's law for the velocity of a
moving particle in a liquid, other translational and rotational frictional coefficients for different particle
shapes, and Hagen-Poiseuille' s law for the viscosity of a pure liquid. Furthermore viscosities are needed
for many technical applications where liquids and liquid mixtures are forced to move from one place to
another.

In contrast to the 6™ Edition of Landolt-Bornstein it is nowadays impossible to include the complete
datain the printed version. The policy of the New Series Edition of Landolt-Bornstein is therefore to store
al data and references in electronic files but only selected data and references in the printed version. The
author and the editor have decided to establish selected data by avoiding long lists of viscosities for one
system with respect to the printed version of this volume. The electronic version contains the complete
data.

Volume IV/18 is divided into two subvolumes. Subvolume 1V/18A contains the viscosities of pure
organometallic and organononmetallic liquids and binary liquid mixtures. Subvolume I1V/18B contains the
viscosities of pure organic liquids.

The complete data of pure organic liquids and binary liquid mixtures are available on the provided
CD-ROM as PDF-files together with the program Adobe Acrobat Reader. You have to install only this
program to jump directly into the data files and search for liquids, mixtures of liquids, references, and
viscosities at different temperatures by the fulltext search engine. Additionally it would be possible to get
the computerized data from the electronic version for numerical calculations and graphical presentations.

The editor kindly acknowledges the support of Dr. R. Poerschke and Dr. H. Seemdiller from Springer-
Verlag. The publisher and the editor are confident that this volume will increase the use of the “Landolt-
Bdrnstein.

Osnabriick, October 2000 The Edi
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1 Introduction

1.1 Selection of data

Thirty years after the publication of a data collection on viscosities in the 6th edition of Landolt-
Bornstein [69A1], two new volumes are presented here, providing an up-to-date information on this
property (the final date of this new data collection is December 1999).

In comparison to other thermophysical properties of liquids, viscosity is a quite well documented
property. Many handbooks, e.g. the CRC Handbook of chemistry and physics [94L 1], and also a number
of electronic data bases (e.g., consult the file NUMERIGUIDE provided by STN International), contain
data or, at least, constants of fitting functions for the viscosity of liquids. However, there is no database
that provides the complete material. The most recent data book on viscosity of pure liquids was prepared
by Viswanath and Natargjan [89V] providing original data as well as constants of common fitting
functions for about 900 liquids. Reliable functions for the viscosity of chemicals covering their whole
liquid state can be found in the tables of the DIPPR project [89D1], the underlying experimental data have
to be searched online in the DIPPR database (additionally, DIPPR provides predicted data based on
careful calculations applying group contribution approaches). Using these sources and, of course, the data
from the 6th edition of Landolt-Bérnstein as starting points, we searched in Chemical Abstracts up to the
end of 1999 under the key word ‘viscosity’, and, additionally, our own data files were checked to produce
this data collection.

Because of the vast amount of data on viscosities available today, in comparison to the former
collection in the 6th edition of Landolt-Bornstein series, a specidisation for the new volumes was
necessary. The main specialisation is the focus on non-electrolyte systems, and only data for pure liquids
and binary liquid mixtures at normal pressure (or at the saturation vapour pressure) were taken into
account for this volume and, of course, all corresponding data from the 6th edition are included (in most
cases these older data are now provided at the CD-ROM accompanying this volume). Additional
information is given to literature sources where pressure dependent data were published. Specia care to
viscosities of liquids under pressure was taken in the books by Stephan and Lucas [79S1] and by
Touloukian [75T1]. Liquid-crystalline substances are included in this volume, but in their isotropic state
only. Any inorganic liquids, molten metals and metallic alloys, molten salts, molten glasses and other
high-temperature melts could not be included. For mixtures, this data collection is restricted to binary
liquid mixtures, i.e. no solutions of any solids and especialy no electrolytes are included here. At least,
one of the two liquids in a mixture under consideration in this volume is an organic one, i.e. redly
inorganic mixtures were not taken into account here. Viscosities of electrolyte solutions in non-aqueous
media were just recently collected and published by Barthel and co-workers [97B1]. Surfactant solutions,
micellar systems, etc. will be presented later in a special volume of the Landolt-Bornstein series. Polymer
solutions were considered in the Polymer Handbook and will not be included here [99S1].

At least it should be noted that this volume is devoted to data in the range of Newtonian viscosity
behaviour only where the shear rate is proportional to the shear stress (steady-state conditions at low shear
rates).

Nevertheless, the amount of data much exceeds the available place for printing. Thus, the volume
contains an electronic form (CD-ROM) where al nonprinted data are available. For al printed data, a
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2 1. Introduction

selection was made. In contrast to most of the above-mentioned sources, we decided to print one or two
recommended original data sets and not smoothed data. However, the literature search carried out for
preparing this volume revedls that viscosity measurements for a large number of liquids have only been
reported once. Furthermore, a general evaluation of viscosity data is difficult. The most problematic
source of errors is the purity of the substances. This is especially true for measurements on substances in
the past, when substances of very high purity were not available and the investigators had to prepare their
own compounds. Therefore, in all cases where it was possible, measurements made in recent years were
preferred to older ones. However, scattering of data pointsis in some cases tremendous. Selection of the
data was therefore made under the following aspects: (i) the temperature dependence was checked (if data
are available over a certain temperature range), (ii) purity statements were compared, (iii) methods of
measurement used and quality of apparatus and equipment were checked; above the normal boiling point
data measured at the vapour pressure of the saturated liquid in equilibrium with the vapour were preferred
(avoiding problems with air or gas solubility), (iv) the experience of those authors who conducted
extensive series of measurements over a period of several years was taken into account. Nevertheless,
selected data from different authors may show differences being larger than the usual accuracy of the data
itself. The repeatability achieved in precise measurements is 0.01%, scattering of good data is £0.1%, the
common error is about +£(0.3-0.5)%, but deviationg/errors may even reach 10%, especialy in the case of
older data. Providing the original data ensures that the user receives the information of their inherent
inaccuracy without smoothing. For many liquids, however, the user will not have a choice between several
data sets for the viscosity, because it was measured only once. Thisis aso true for many binary mixtures.
For all cases where more data were collected than selected and printed in this volume, the substance is
marked by an asterisk (*) ) and the user can employ additional data from the CD-ROM. For a number of
substances, some smoothed values are aso included there for comparison. For mixtures, the asterisks
point to further/additional data on CD-ROM, e.g. for data at different temperatures and, especialy, if quite
alot of measurements were made on a given system like water + ethanol.

1.2 Definitions, units and measur ement methods

This volume contains data on viscosity of liquids as a function of temperature, and - for the binary
mixtures - as afunction of composition at normal pressure (or at the saturation vapour pressure).

Viscosity n

The viscosity belongs to the transport properties. These properties differ from thermodynamic
properties in that they describe the behaviour of systems that are not in equilibrium. The three properties
of most importance are viscosity describing momentum transport, thermal conductivity describing energy
transport, and diffusion describing mass transport.

Viscosity is a measure of the resistance to flow when a fluid is subjected to a shear stress. Fluids are
sometimes referred to as mobile or viscous according to their tendency to flow readily or not. Viscosity is
defined as the proportionality factor between shear rate and shear stress:

F=nA(du/dx) (1)

where F isthe tangential force required to move a planar surface of area A at avelocity v relativeto a
paralel surface separated from the first by a distance x. For ordinary liquids n is a constant; such a
behaviour is called Newtonian (non-Newtonian behaviour is not considered here). The quantity n
defined via equation (1) is sometimes called dynamic viscosity or absolute viscosity. A relative quantity
called kinematic viscosity (symbol v) is defined astheratio of n divided by the density p of the fluid at
the same measuring conditions:

Landolt-Bérnstein
New Series IV/18A



1. Introduction 3

v=nlp )

The viscosity of liquids always decreases monotonically with increasing temperature. This decrease is
generally quite sharp and can be described roughly by the simple form 1/n = (1/n,) exp[-E/RT], where
(Un) is the fluidity and E is the energy of an exchange process (E = 4 — 20 kJ/mol). However, for the
complete temperature range of the liquid state, equation (3) is recommended [89D1, 94L 2]:

In(n/Pas)=A +B/[C-(T/K)] + D In (T/K) + E (T/K)" A3)

with coefficients A, B, C, D, E and F that can be found for a number of liquidsin the literature and also in
some handbooks, e.g. [89D1, 89V1, 95Y1].

The S unit for the dynamic viscosity is Pascal second (Pas). A convenient submultiple for viscosities
of liquidsis mPa s, which is used throughout this volume and happens to be identical with the older unit
centipoise (cP). Poise is related to the units within the cgs system by 1 P = 1 g/(cm s) = 1 dyn slcm?.

The Sl unit for the kinematic viscosity is square meter per second (m?/s). A convenient submultiple for
viscosities of liquidsis mm?/s (= 107° m?/s), which is used throughout this volume and is identical with
the older unit centistokes (cSt). Stokesis related to the units within the cgs systemby 1 St = 1 cm?/s.

Methods for the measurement of viscosity of fluids were carefully reviewed by IUPAC Commission on
Thermodynamics in its Experimental Thermodynamics Series [911U2]. Additionally, international and
national standards for measurements of viscosity were fixed for routine viscometers (e.g., |SO 3105-1976
Glass Capillary Kinematic Viscometers, ANSI/ASTM D446-74 Standard Specifications and Operating
Instructions for Glass Capillary Kinematic Viscometers, DIN 51562 Determination of Kinematic
Viscosity using the Standard Design Ubbelohde Viscometer, BS188:1977 Methods for Determination of
the Viscosity of Liquids, JIS Z 8803 Methods for Viscosity Measurement). Thus, a brief outline should be
sufficient here.

In principle, there are three basic types of viscometers. capillary viscometers, falling-body viscome-
ters, and oscillating-body viscometers.

Capillary viscometers are the most extensively used instruments for the measurement of viscosity of
liquids because of their advantages of simplicity of construction and operation. Both absolute and relative
instruments were constructed. The theory of these viscometers is based on the Hagen-Poiseuille equation
that expresses the viscosity of a fluid flowing through a circular tube of radius r and length L in
dependence of the pressure drop AP and volumetric flow rate Q, corrected by terms for the so-caled
kinetic-energy and end corrections:

n = 1r*AP /[8Q(L + nr)] - mpeQ /[8m(L + nr)] (4)

where n is the end-correction factor and m is the kinetic-energy correction factor. Equation (4) is
derived under a number of assumptions (straight and uniform capillary, incompressible fluid at constant
density, Newtonian behaviour, etc.) that will not be discussed here (see [911U2]). Whenever deviations
from these assumptions are unavoidable, it is necessary to apply corrections to account for them. Finally,
parameters n and m must be determined experimentally or theoretically. An absolute master capillary
viscometer is designed and used so as to make the second term in equation (4) negligibly small. However,
since the range of liquid viscosity covered by one viscometer is not large, a series of viscometers have to
be calibrated using the viscosity standard of distilled water for the first and determining the viscosity of
the second reference fluid, which is then used to calibrated the second viscometer. This procedure is
repeated to cover arange up to much higher viscosities. Once the actual dimensions of a viscometer have
been determined, viscosity can be measured by applying the following working equations:
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4 1. Introduction

v=nlp =cit - gyt ®)
v=nlp =ct - Eit? (6)

where t denotes the time required for aliquid of specified volume to flow through the capillary, ¢; and c,
or E are now instrument constants to be determined with two (or more) standard liquids whose viscosities
are precisely known. Provided that the kinetic-energy-correction term is small enough, the second term in
equations (5) or (6) can be neglected.

Falling-body viscometers make use of the time of free fall of some object under the influence of
gravity through the fluid of interest as a measure of fluid viscosity. The instruments are not among those
of the highest accuracy but they have advantages for operation at high pressures or in viscous media. For a
falling sphere of radius r moving with constant viscosity in a homogeneous medium, Sokes' law can be
applied under a number of assumptions (rigid sphere, sufficiently sow motion, incompressible fluid at
constant density, Newtonian behaviour, etc.) that will not be discussed here (see [911U2]). Practically, for
afall through adistance L , the viscosity of the fluid can be obtained from equation (7)

UZZVZ(PS—P)gtfw@L (7)

where ps is the density of the sphere, g the constant of gravitational acceleration and f, denotes a
correction factor for the wall effect (since the fluid is not of infinite extent but contained in a cylindrical
container in practical instruments). Provided that al of the instrument parameters are known with
sufficient accuracy, equation (7) allows absolute viscosity measurements. Alternatively an instrument
constant may be introduced and determined by calibration. The working equation for relative
measurement is then written

n = const. (0s— p) t )

for a particular instrument. An alternative configuration makes use of aright circular cylinder falling along
the axis of a coaxial cylindrical tube. For a falling cylinder of that kind moving with constant velocity at
entirely laminar axial fluid flow, the viscosity of the fluid can again be obtained from equation (8), but the
instrument constant reflects then the changed geometry of the cylindrical body. An explicit relation can be
given, however, rea instruments depart more or less from the underlying ideal model and are usually
operated in a relative manner after calibration. Viscosities of liquids can then be measured over a wide
range of conditions.

Oscillating-body viscometers measure the viscosity of fluids by observing the decay of torsiona
oscillations of an axially symmetric body suspended from an elastic strand. The fluid causes a torque on
the surface of the body and increases the effective moment of inertia of the body. The effect is observed
through the logarithmic decrement of the amplitude of the angular displacement of the oscillating body
and the increase in its period of oscillation. The viscosity is obtained from the logarithmic decrement or
the period with the aid of theoretical expression for the torque. When theoretical expressions are lacking
or prove insufficiently accurate, calibration procedures are used to determine the torque. Viscosities of
fluids can be measured over a wide range of conditions by the use of such viscometers. Various
instruments and their corresponding theoretical background are presented in detail in [911U2] and shall
not be discussed here again.

The establishment of a viscosity standard has proved one of the most difficult and important tasks for
experimenters. The value of the viscosity standard driftet with time until 1952 (!) when the viscosity of
water at 20 °C and atmospheric pressure (0.101325 MPa) measured by US National Bureau of Standards
was reported. The corrected and internationally agreed standard values are now given by 1SO/TR
3666:1998 by n = 1.0016 mPas and v = 1.0034 mm?/s. The estimated relative uncertainty associated with
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1. Introduction 5

both values is 0.17%. The change of the 1952 value is due to the difference of 12 mK between IPTS-48
and 1TS-90 temperature scale at 20 °C. Besides the viscosity at 20 °C, reference values of high precision
are provided at 15 °C, 23 °C, 25 °C, 30 °C, and 40 °C by ISO/TR 3666:1998. For the calibration of
industrial as well as scientific viscometers, certified reference materials are available in many countries
and enable a much wider range of viscosity to be covered than the range given by water alone.

Temperature T

Temperatures are given in °C or K and are usually rounded, corresponding to their common accuracy
(with some exceptions made for more precise measurements).

Molefraction x;, volumefraction ¢;, and massfraction w;

Three different concentration variables were used in the literature. In most cases the mole fraction x;
isgiven (x, = n;/ Z ng, n, = amount of substance of component i ), but there are also a number of
mixtures where the volume fraction ¢; (¢; = v/ X vk, U = volume of component i ) or the mass
fraction w; (W = m/ Z my, m = mass of component i ) are used. If they were given together in the
original source, the mole fraction was preferred for the tables in this volume. The subscript i = 1 or 2
denotes the concentration of first or second component in the mixture, respectively.

1.3 Arrangement of data

The data tables for the pure liquids are organised by the gross formulae according to the Hill system, i.e.
with increasing number of C and H atoms followed by the other atoms according to their aphabetical
order with an Arabic numeral indicating the number of atoms of each element (if different from 1) in the
right subscript position. If substance formulae have the same first element, then the substance having a
larger number of that element follows the one with a lower number. If these numbers are the same, then
the next elements are considered, using similar criteria. The absence of a next element in one of the
substances confers a lower position in the order to it. Isomeric substances are further sorted in the
aphabetical order of their names.

No special substance indices are prepared for this volume, as the order of the substances corresponds
to a substance index based on gross formula (in difficult cases it is recommended to apply the data of the
electronic form and to search there).

Ordering of al data for one substance follows the rule of presenting absolute viscosities first and
kinematic viscosities subsequently, i.e. kinematic viscosities are selected and printed only in such cases
were no dynamic viscosities are available (or only single dynamic data in comparison to a greater
temperature range of a kinematic series). For preparing the CD-ROM, an additional aspect for ordering
was chosen. If there is more than one data set, the data are given in order of the publication year beginning
with the most recent measurements of dynamic viscosities and the same again for the kinematic ones
subsequently, i.e. the selected and printed data set is not necessarily the first one at the CD-ROM.

The data tables for the binary liquid mixtures are organised by the gross formula of the first substance
and for mixtures with a common gross formula of the first substance by the gross formulae of the second
one. In binary mixtures with water, water is always the first component. Mixtures composed of organic
compounds follow those with water. The first substance is always the one with the lower number of C, H,
etc. atoms (the order used in the original source was changed for this data collection). The user has to
search for a certain mixture by looking for the compound with the lower C, H, , etc. number first and then
for the second compound, again following this rule. No double listing by " second” compounds is given.

Numbering of all references according to the Landolt-Bdrnstein system was made once for al pure
liquids, printed references are a part of thisreference list.
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6 1. Introduction

1.4 Substances and nomenclature

In general, for each substance, an unambiguous and unigue name was chosen as the preferred name. For
organic substances, it is usually one of the various systematic names recommended by lTUPAC [791U1]. A
few other systematic names and widely used trivial names were adopted as synonyms. The symbols used
to denote the natural elements are those recommended by IUPAC [911U1]. Each substance is
characterised by its chemical name and by its Chemical Abstracts Service (CAS) Registry Number to
allow a well-defined search where chemical names are difficult or different chemical names are in
common use. The CAS registry number can easily be searched for in al electronic files.

An index of substance names did not seem to be necessary. There are too many different namesin use
and the CAS registry names as systematic names are rather complicated and not common enough to be
applied for such a purpose in this volume (LIDE [94L1] applied these systematic names for alphabetical
ordering of the table of organic substances, together with a synonym index, a molecular formula and a
structural formula index, which is al too extensive for our volume). Nevertheless, the user will find the
information he is looking for by first searching the gross formula of a given substance following the order
of the volume as described above.

1.5 Referencesfor 1

69A1 Andrussow, L.: Landolt-Bérnstein, Zahlenwerte und Funktionen aus Physik, Chemie,
Astronomie, Geophysik und Technik, 6th Ed., vol.2, part 5a, pp. 92-512, Springer-Verlag,
Berlin, Goettingen, Heidelberg 1969

75T1  Touloukian, Y.S.: Thermophysical properties of matter, TPRC data series, Vol. 11 Viscosity,
Plenum Press, New York 1975

791U1 [UPAC Organic Chemistry Division: Nomenclature of organic chemistry, Rigaudy, J.,
Klesney, S.P. (eds.), Pergamon Press, Oxford 1979

79S1  Stephan, K., Lucas, K.: Viscosity of dense fluids, Plenum Press, New Y ork (1979)

89D1 Daubert, T.E., Danner, R.P.: Physical and thermodynamic properties of pure chemicals,
Hemisphere Publ.Corp., New Y ork 1989

89V1 Viswanath, D.S, Natargjan, G.: Databook on the viscosity of liquids, Hemisphere Publ.Corp.,
New York 1989

911Ul UPAC Commission on Atomic Weights and I sotopic Abundances: Atomic weights of the
elements 1989, Pure Appl.Chem. 63 (1991) 991

911U2 IUPAC Commission on Thermodynamics: Measurement of the TransportProperties of Fluids,
Wakeham, W.A., Nagashima, A., Sengers, J.V. (eds.), Blackwell Sci.Publ., Oxford 1991

94L1 Lide, R.D. (ed.): CRC Handbook of chemistry and physics, 75th Ed., CRC Press, Boca Raton,
Ann Arbor, London, Tokyo 1994

94L2 Lide D.R., Kehiaian, H.V.: CRC Handbook of Thermophysical and Thermochemical Data, CRC
Press, Boca Raton, Ann Arbor, London, Tokyo 1994

95Y1 Yaws, C.L.: Handbook of viscosity, Gulf Publ., Houston 1995

97B1 Barthel, J, Neueder, R., Meier, R.: Viscosity of hon-aqueous solutions, DECHEMA Chemistry
Data Series VVol. XIlI, Electrolyte Data Collection, Parts 3, 3a, and 3b, Kreysa, G. (ed.),
DECHEMA Frankfurt/M. 1997

99S1  Schoff, C.K.: Concentration dependence of the viscosity of dilute polymer solutions: Huggins
and Schulz-Blaschke constants, Polymer Handbook, Brandrup, J., Immergut, E.H., Grulke, E.A.
(eds.), 4th Ed., p. VI11/265-289, JWiley & Sons, Inc., New York 1999
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Ref. p. 144] 2.1 Pureliquids: data 7

2 Pureorganometallic and organononmetallic liquids

2.1 Data

2.1.1 Organometallic compounds

1 C,HgCd dimethyl-cadmium 506-82-1
Ig (n /(mPas)) = 114./(T/K) - 0.82 for 283< T/K <348
2 C.HeSe selenobis-methane 593-79-3
Ig (n/(mPas)) =50./(T/K) - 0.62 for 298<T/K <318
3 C.HeTe tellurobis-methane 593-80-6
Ig (n /(mPas)) = 75./(T/K) - 0.72 for 293<T/K <343
4 CsHGA trimethyl-alane 75-24-1
Ig (n /(mPas)) = 506./(T/K) - 1.77 for 293< T/K <348
5 C3HoGa trimethyl-gallium 1445-79-0
Ig (n /(mPas)) = 113./(T/K) - 0.83 for 293< T/K <323
6 C3HoSh trimethyl-stibine 594-10-5
Ig (n /(mPas)) = 167./(T/K) - 0.99 for 293< T/K <343
7 C4H10Cd diethyl-cadmium 592-02-9
T/ °C 0.0 20.0

nl(mPas) 1.77 1.42
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8 2.1 Pureliquids: data [Ref. p. 144
8 C4H10Se 1,1'-selenobis-ethane 627-53-2
Ig (n /(mPas)) = 116./(T/K) - 0.80 for 298 < T/K < 338
9 CsH1pZn diethyl-zinc 75-74-1
T/°C 20.0
nl/(mPas) 0.8580

10 C4H1.Ge tetramethyl-germane 865-52-1
T/IK 276.7 282.5 287.3 293.0 298.7
n/(mPas) 04049 0.3855 0.3690 0.3512 0.3348

11 C4H1,GeO, germanic acid tetramethyl ester 992-91-6
T/IK 298.15
nl(mPas) 0.766

In (n /(mPas)) = 1144./(T/K) — 4.102 for 250< T/K <370
T/ °C 20.0 40.0 58B2
n/(mPas) 0.773 0.649

12 CsHPb tetramethyl-plumbane 75-74-1
T/°C 15.0 20.0 25.0 30.0
n/(mPas) 0.600 0.561 0.525 0.495

T/°C 20.0
nl(mPas) 0.5723

A graphisgivenin from the orginal source for —-25< T/ °C < 80.
13 C4H2Sn tetramethyl-stannane 594-27-4
T/IK 298.15
ni/imPas) 0.371

In (n /(mPas)) = 900./(T/K) - 4.009 for 250< T/K < 370
T/°C 25.0 77J
ni/(mPas) 0.36

T/°C 15.0 20.0 30.0
nl/(mPas) 0.455 0.430 0.392

Landolt-Bérnstein
New Series IV/18A


http://dx.crossref.org/10.1007/10639275_4
http://dx.crossref.org/10.1007/10639275_4
http://dx.crossref.org/10.1007/10639275_4
http://dx.crossref.org/10.1007/10639275_4
http://dx.crossref.org/10.1007/10639275_4
http://dx.crossref.org/10.1007/10639275_4
http://dx.crossref.org/10.1007/10639275_4
http://dx.crossref.org/10.1007/10639275_4
http://dx.crossref.org/10.1007/10639275_4
http://dx.crossref.org/10.1007/10639275_4
http://dx.crossref.org/10.1007/10639275_4
http://dx.crossref.org/10.1007/10639275_4
http://dx.crossref.org/10.1007/10639275_4
http://dx.crossref.org/10.1007/10639275_4
http://dx.crossref.org/10.1007/10639275_4
http://dx.crossref.org/10.1007/10639275_4

Ref. p. 144] 2.1 Pureliquids: data 9
T/°C 20.0
n/(mPas) 0.4187

A graphisgivenin from the orginal source for —-25< T/ °C < 80. 53H1]
14 CsHisAl triethyl-alane 97-93-8
Ig (n /(mPas)) = 1415./(T/K) — 4.22 for 297 < T/K <333
T/°C 0.0 20.0
nl/(mPas) 11.59 9.56

15 CsHisln triethyl-indium 923-34-2
Ig (n /(mPas)) = 636./(T/K) —2.30 for 293< T/K < 353
16 CeH15Sb triethyl-stibine 617-85-6
Ig (n /(mPas)) = 126./(T/K) - 0.81 for 293< T/K <343
17 C/HgSe methyl-phenyl-selenide 4346-64-9
T/°C 25.0
nl/(mPas) 1.591

18 CgH10Se ethyl-phenyl-selenide 17774-38-8
T/°C 25.0
nl/(mPas) 1.608

19 CgHxGe tetraethyl-germane 597-63-7
T/IK 2779 284.3 288.8 295.3 301.2 307.3 3134 3195
n/(mPas) 0.8800 0.8202 0.7789 0.7298 0.6835 0.6460 0.6163 0.5866

T/IK 325.8 331.8 337.1

ni(mPas) 05613 05360 0.5170

20 CgH20GeO, germanic acid tetraethyl ester 14165-55-0
T/°C 20.0 40.0
ni(mPas) 1.057  0.836

T/°C 25.0
nl/(mPas) 0.856
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10 2.1 Pureliquids: data [Ref. p. 144
21 CgH2004Ti orthotitanic acid tetraethyl ester 3087-36-3
T/°C 25.0 30.0 35.0 40.0
ni/(mPas) 44.7 35.7 285 23.6

T/°C 25.0
n/(mPas) 44.45

22 CgHxoPb tetraethyl-plumbane 78-00-2
T/°C 20.0
nl(mPas) 0.8642

A graphisgivenin from the orginal source for —-25< T/ °C < 80. 53H1]
23 CgH2oSn tetraethyl-stannane 597-64-8
T/ °C 25.0
nl/(mPas) 0.68

T/°C 20.0
nl/(mPas) 0.7290

A graphisgivenin from the orginal source for —-25< T/ °C < 80. 53H1]
24 CoH1:Se phenyl-propyl-selenide 22351-63-9
T/ °C 25.0
nl/(mPas) 1794

25 CoH,AIO; aluminum tris-(isopropoxide) 555-31-7
T/°C -10.0 -5.0 0.0 5.0 10.0 15.0 20.0 25.0
n/(mPas) 11000. 5650. 3166. 1888. 1159. 753. 492, 510.

T/°C 30.0 35.0 40.0

ni/(mPas)  345. 241. 171

(freshly heated liquid)

T/°C 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0
n/(mPas)  5790. 3320. 2015. 1258. 822. 561. 384, 273.

T/ °C 45.0

ni(mPas) 194,

(aged liquid)

26 CioHioFe ferrocene 102-54-5
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Ref. p. 144] 2.1 Pureliquids: data 11
T/°C 179.0 189.0 201.5 2215 238.5 258.5 280.0 299.5
n/(mPas) 1.022 0.927 0.830 0.703 0.613 0.532 0.459 0.399

T/°C 320.0 339.5 359.5

n/(mPas) 0.358 0.317 0.293

27 CioH14Se butyl-phenyl-selenide 28622-61-9
T/°C 25.0
ni/(mPas) 2.095

28 CHsSe hexyl-phenyl-selenide 63866-88-6
T/°C 25.0
nl/(mPas) 2884

29 C1oH2004Ti orthotitanic acid tetraallyl ester 5128-21-2
T/°C 25.0
ni(mPas) 62.25

30 CHAl triisobutyl-alane 100-99-2
T/°C 20.0
nlimPas) 2.39

31 CoHBrsSn bromo-tributyl-stannane 2116-80-5
T/°C 25.0 50.0 70.0
nl/(mPas) 3.76 2.14 151

T/°C 10.0
nl/(mPas) 5.93

T/°C 10.0 20.0 40.0
nl/(mPas) 5.93 4.37 2.66

32 C1Hx/ClISn chloro-tributyl-stannane 1461-22-9
T/°C 25.0 50.0 70.0
n/(mPas) 4573 243 1.66

T/°C 10.0
nl/(mPas) 6.37

T/°C 10.0 20.0 40.0
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12 2.1 Pureliquids: data [Ref. p. 144
nl/(mPas) 6.35 4.49 2.61

33 CoHosGe tetrapropyl-germane 994-65-0
T/IK 276.6 280.6 284.4 289.0 294.8 300.5 310.5
n/(mPas) 1.842 1700 1576 1444 1308  1.192 1.007

TIK 320.5 324.4 330.2 335.9 340.7

n/(mPas) 0.8782 0.8370 0.7892 0.7297 0.6832

34 C1oH25GeO, germanic acid tetraisopropyl ester 25063-26-7
T/°C 20.0 40.0
n/(mPas) 1.315 0.990

35 C1oH2sGeO, germanic acid tetrapropyl ester 21154-48-3
T/°C 20.0 40.0
n/(mPas) 1510 1.125

36 C1oH250,4Ti orthotitanic acid tetraisopropyl ester 546-68-9
T/ °C 129.4 141.1 149.7 160.2 170.9 180.0
vi(mm?s) 0.484 0.446 0.421 0.393 0.370 0.350

37 C1oH2504Ti orthotitanic acid tetrapropyl ester 3087-37-4
T/ °C 140.6 149.3 157.3 169.9 179.9 190.0
n/(mPas) 2.016 1.565 1.248 0.909 0.720 0.581

T/°C 25.0 30.0 35.0 40.0
nl(mPas) 1749 130.6 107.0 85.1

T/°C 25.0
nl/(mPas) 161.35

38 C1oH2Sn tetrapropyl-stannane 2176-98-9
T/°C 25.0
ni/imPas) 125

A graphisgivenin from the orginal source for -25< T/ °C < 80. 53H1]
39 CisHxSe heptyl-phenyl-selenide 76376-91-5
T/°C 25.0

Landolt-Bérnstein
New Series IV/18A


http://dx.crossref.org/10.1007/10639275_4
http://dx.crossref.org/10.1007/10639275_4
http://dx.crossref.org/10.1007/10639275_4
http://dx.crossref.org/10.1007/10639275_4
http://dx.crossref.org/10.1007/10639275_4
http://dx.crossref.org/10.1007/10639275_4
http://dx.crossref.org/10.1007/10639275_4
http://dx.crossref.org/10.1007/10639275_4
http://dx.crossref.org/10.1007/10639275_4
http://dx.crossref.org/10.1007/10639275_4
http://dx.crossref.org/10.1007/10639275_4
http://dx.crossref.org/10.1007/10639275_4
http://dx.crossref.org/10.1007/10639275_4

Ref. p. 144] 2.1 Pureliquids: data 13

nl/(mPas) 3.328

40 C13H7NOSn tributyl-isocyanato-stannane 681-99-2
T/°C 20.0 30.0 40.0 50.0 60.0 70.0 80.0

nl/(mPas) 1012  7.52 5.51 4.01 2.89 1.98 1.27

41 CyH2Se octyl-phenyl-selenide 72474-75-0
T/ °C 25.0

nl/(mPas) 3.862

42 CieH2Se decyl-phenyl-selenide 61539-89-7
T/°C 25.0

nl/(mPas) 5.239

43 C1eH3sGe tetrabutyl-germane 1067-42-1
T/IK 275.6 2825 288.0 295.0 299.9 303.1 308.0 313.7
nl/(mPas) 5.358 4,317 3.685 3.032 2.690 2.495 2.232 1.991

T/IK 318.6 320.3 3234 328.2 334.3 339.3

n/(mPas) 1.804 1.651 1.648 1.512 1.362 1.255

44 C16H3:Ge0, germanic acid tetrabutyl ester 25063-27-8
T/°C 25.0 40.0

ni(mPas) 2190 1595

T/°C 25.0
n/(mPas) 2047

45 C16H3Ge0, germanic acid tetrakis-(sec-butyl) ester 106991-67-7
T/°C 20.0 40.0

nl/(mPas) 2.810 1.860

T/°C 25.0
ni(mPas) 2523

46 C16H3:Ge0, germanic acid tetrakis-(tert-butyl) ester 78788-27-9
T/IK 298.15

ni/(mPas) 5.715

Landolt-Bérnstein
New Series IV/18A


http://dx.crossref.org/10.1007/10639275_4
http://dx.crossref.org/10.1007/10639275_4
http://dx.crossref.org/10.1007/10639275_4
http://dx.crossref.org/10.1007/10639275_4
http://dx.crossref.org/10.1007/10639275_4
http://dx.crossref.org/10.1007/10639275_4
http://dx.crossref.org/10.1007/10639275_4
http://dx.crossref.org/10.1007/10639275_4
http://dx.crossref.org/10.1007/10639275_4

14 2.1 Pureliquids: data [Ref. p. 144
T/°C 25.0 40.0
nl/(mPas) 5.635 3.570

T/ °C 25.0
ni/(mPas) 5.65

47 C16H3:Ge0, germanic acid tetraisobutyl ester 25063-28-9
T/ °C 20.0 40.0
n/(mPas) 2810 1.890

T/°C 25.0
nl(mPas) 2532

48 C16H3s04Ti orthotitanic acid tetrabutyl ester 5593-70-4
lg (n /(mPas)) = 1581.90/(T/K) — 3.4365 for 293 < T/K < 363
Ig (n/(mPas)) = 1933.30/(T/K) — 4.3754 for 383 < T/K <453 94E
TIK 298.15 85K
nl/(mPas) 75.

T/ °C 100.6 116.0 1324 144.6 153.6 162.6 1729 182.6
n/(mPas) 6.90 4.43 2.730 1.897 1.510 1.200 0.938 0.755

T/°C 194.9 202.9

nl/(mPas) 0.594 0.516

T/ °C 25.0 30.0 35.0 40.0
ni/(mPas) 69.2 57.95 48.3 40.65

T/°C 25.0
n/(mPas) 61.74

T/ °C 25.0
vi(mm%s)  79.9

49 C16H3604Ti orthotitanic acid tetrakis-(sec-butyl) ester 3374-12-7
T/ °C 98.8 108.6 118.3 128.2 137.9 147.7 158.0 167.8
n/(mPas) 0.747 0.694 0.626 0.576 0.531 0.491 0.452 0.416

T/°C 177.2

nl/(mPas) 0.388

50 C16H3604Ti orthotitanic acid tetrakis-(tert-butyl) ester 3087-39-6
TIK 298.15
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Ref. p. 144] 2.1 Pureliquids: data 15
nl(mPas) 3.452

T/°C 404 50.0 70.0 80.0 91.8 116.6 125.6 132.6
n/(mPas) 2538 2.158 1.547 1.336 1.125 9.888 9.830 0.692

T/°C 25.0 30.0 35.0 40.0
nl/(mPas) 3.52 3.15 2.85 2.58

T/°C 25.0
nl/(mPas) 3.55

51 C16H3604Ti orthotitanic acid tetraisobutyl ester 7425-80-1
T/ °C 102.9 114.5 126.6 134.8 144.9 158.2 174.8 184.0
n/(mPas) 3.68 2.466 1.686 1.327 1.021 0.761 0.554 0.484

T/°C 194.2

nl(mPas) 0.424

T/°C 50.0
nl(mPas) 97.40

52 C16H3604Zr zirconium tetrakis-(tert-butoxide) 2081-12-1
T/°C 25.0 30.0 35.0 40.0
n/(mPas) 3.17 2.78 2.46 224

53 CieHzsPb tetrabutyl-plumbane 1920-90-7
T/°C 20.0
nl/(mPas) 3.013

A graphisgivenin from the orginal source for -25< T/ °C < 80. 53H1]
54 C16H3sSn tetrabutyl-stannane 1461-25-2
T/°C 25.0
nl/(mPas) 2.30

T/°C 20.0
ni(mPas) 2.610

A graphisgivenin from the orginal source for -25< T/ °C < 80. 53H1]
55 C1gH15CISN chloro-triphenyl-stannane 639-58-7
T/°C 112.9 120.5 129.8 139.6 150.8 160.5 169.6 179.8
vi(mm?s) 2.66 2.32 1.928 1.724 1.478 1.318 1.185 1.065
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16 2.1 Pureliquids: data [Ref. p. 144
T/°C 187.1 201.8 209.9 220.6 231.0

v/(mm%s)  0.990 0.863 0.799 0.734 0.678

56 CigH15Sb triphenyl-stibine 603-36-1
T/°C 70.0 12w
nl/(mPas) 9.34

T/°C 54.8 59.6 64.4 69.3 74.4 79.4 84.4 94.5
vi(mm?s) 13.61 11.09 8.92 7.60 6.42 5.44 4.57 3.54

T/°C 104.2 114.4 124.9 138.8 149.5 164.6 179.6

vi(mm?%s) 2.89 2.38 1.979 1.597 1.390 1.160 0.997

57 CooHuGe tetrapentyl-germane 3634-47-7
T/IK 276.2 282.8 288.9 294.8 301.0 308.7 314.0 325.8
n/(mPas) 9.511 7.311 6.005 4,991 4,199 3.438 3.040 2.377

TIK 3318 338.2

n/(mPas) 2132 1.915

58 Co0H4404Sn tetrakis-(1,1-dimethyl-propoxy) stannane 2980-60-1
T/°C 25.0 30.0 35.0 40.0
n/(mPas) 16.65 14.3 12.05 10.2

59 CooH4404Ti orthotitanic acid tetrakis-(1,1-dimethyl-propyl) ester 10585-26-9
T/°C 25.0 30.0 35.0 40.0
n/(mPas) 8.08 7.14 6.26 5.37

60 CooH4404Ti orthotitanic acid tetraisopentyl ester 19480-47-8
T/ °C 129.6 147.1 158.8 173.9 186.9 204.3 214.2
n/(mPas) 4.92 2.612 1.847 1.198 0.817 0.615 0.518

61 CooH4404Ti orthotitanic acid tetrapentyl ester 10585-24-7
T/ °C 129.9 145.0 158.8 174.2 189.2 204.1 214.0
n/(mPas) 3.35 2.160 1.530 1.065 0.783 0.608 0.526

T/°C 25.0
n/(mPas) 79.24

62 CooH4O4Zr zirconium tetrakis-(1,1-dimethyl-propoxide) 24675-20-5
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Ref. p. 144] 2.1 Pureliquids: data 17
T/°C 25.0 30.0 35.0 40.0
nl/(mPas) 7.59 6.73 5.89 5.18

63 Co4Hs5,Ce0y cerium tetrakis-(1,1-dimethyl-butoxide) 127795-37-3
T/°C 25.0 30.0 35.0 40.0
nl/(mPas) 813. 589. 428. 316.

64 Co4Hs5,Ce0y cerium tetrakis-(1-ethyl-1-methyl-propoxide)

T/°C 25.0 30.0 35.0 40.0
n/(mPas) 216 16.95 141 11.9

65 C,H:sGe tetrahexyl-ger mane 4828-44-8
TIK 276.6 284.0 289.8 296.5 302.1 313.0 318.7 326.0
ni/(mPas) 1246 9524  7.874 6345 5425 4006 3567 3.024

TIK 3318 338.2

n/(mPas) 2.696 2.379

66 Co4H5045n tetrakis-(1,1-dimethyl-butoxy) stannane 127916-58-9
T/ °C 25.0 30.0 35.0 40.0
n/(mPas) 9.86 8.40 7.16 6.44

67 Co4H5045n tetrakis-(1-ethyl-1-methyl-propoxy) stannane 127916-60-3
T/ °C 25.0 30.0 35.0 40.0
ni/(mPas) 413 339 26.55 225

68 CoyH504Ti orthotitanic acid tetrakis-(1,1-dimethyl-butyl) ester 127647-29-4
T/ °C 25.0 30.0 35.0 40.0
ni/(mPas) 4.79 4.34 3.95 3.62

69 CoyHs04Ti  orthotitanic acid tetrakis-(1-ethyl-1-methyl-propyl) ester  127647-28-3
T/ °C 25.0 30.0 35.0 40.0
ni/(mPas) 345 29.95 26.0 22.05

70 CoyH504Ti orthotitanic acid tetrahexyl ester 7360-52-3
T/ °C 25.0
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18 2.1 Pureliquids: data [Ref. p. 144
nl/(mPas) 64.90

71 CoyH5047r zirconium tetrakis-(1,1-dimethyl-butoxide) 127519-88-4
T/ °C 25.0 30.0 35.0 40.0
n/(mPas) 4.64 4.19 3.79 3.46

72 CosHs504Zr zirconium tetrakis-(1-ethyl-1-methyl-propoxide) 36301-27-6
T/ °C 25.0 30.0 35.0 40.0
n/(mPas) 28.1 23.65 20.0 17.05

73 CsHsaNLSN, N,N'-bis-(tributylstannyl)-carbodiimide 34885-41-1
T/ °C 20.0 30.0 40.0 50.0 60.0 70.0 80.0
n/(mPas) 77.0 18.85 8.90 5.70 4.20 3.28 2.86

74 CogHgoCeOy cerium tetrakis-(1,1-diethyl-propoxide) 127916-95-4
T/ °C 25.0 30.0 35.0 40.0
nl/(mPas) 526 45.15 38.75 33.25

75 CogHgoO4Th thorium tetrakis-(1,1-diethyl-propoxide) 127916-97-6
T/ °C 25.0 30.0 35.0 40.0
n/(mPas) 49.2 38.7 32.2 26.9

76 CgHgoPb tetraheptyl-plumbane

T/ °C 20.0
n/(mPas) 11.26

A graphisgivenin from the orginal source for —-25< T/ °C < 80. 53H1]
77 CasHeoSN tetraheptyl-stannane 57055-26-2
T/ °C 20.0
n/(mPas) 10.44

A graphisgivenin from the orginal source for -25< T/ °C < 80. 53H1]
78 CaoHgeSn tetraoctyl-stannane 3590-84-9
TIK 298.15

nl/(mPas) 11.39
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Ref. p. 144] 2.1 Pureliquids: data 19
T/°C 25.0
n/(mPas) 152

79 CygH 10050 tetradodecyl-stannane 5827-56-5
T/°C 25.0
nl/(mPas) 36.8

2.1.2 Organoar senic compounds

80 C,H,ASCI; cis-2-chlor oethenyl-dichlor o-arsine 34461-56-8
T/°C 20.0 25.0 30.0 35.0 48W
nl/(mPas) 1.831 1.690 1.561 1.461

81 C,H,ASCI; trans-2-chlor oethenyl-dichlor o-arsine 50361-05-2
T/°C 25.0 48W
nl/(mPas) 2.050

82 CsHoAS trimethyl-arsine 593-88-4
lg (n/(mPas)) = 127.0/(T/K) - 0.880 for 283 < T/K <318
83 C3HASO; trimethoxy-arsine 6596-95-8
lg (n/(mPas)) = 232.8/(T/K) = 0.972 for 293 < T/K <393
Ig (n /(mPas)) = 232.8353/(T/K) — 0.9707 for 293 < T/K < 393
84 CeHisAS triethyl-arsine 617-75-4
Ig (n /(mPas)) = 150.0/(T/K) —0.890 for 293 < T/K < 343
85 CeH15AS03 triethoxy-arsine 3141-12-6
Ig (n /(mPas)) = 420.0/(T/K) —1.480 for 310< T/K <423
86 CoH2AS0; triisopropoxy-arsine 39936-83-9
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20 2.1 Pureliquids: data [Ref. p. 144
Ig (n /(mPas)) = 500.0/(T/K) — 1.600 for 302 < T/K <436
87 CoH»ASO3 tripropoxy-arsine 15606-91-4
Ig (7 /(mPas)) = 525.0/(T/K) = 1.655 for 301< T/K <432
88 C1oH27ASO; tributoxy-arsine 3141-10-4
lg (n/(mPas)) = 544.8/(T/K) - 1.599 for 295< T/K <425
89 C1oH27ASO; triisobutoxy-arsine 51587-28-1
lg (n /(mPas)) = 601.9/(T/K) — 1.789 for 295< T/K <425
90 C15H33AS0; triisopentyloxy-arsine 32826-97-4
lg (n/(mPas)) = 622.9/(T/K) - 1.730 for 295< T/K <425
91 C15H33AS0; tripentyloxy-arsine 15606-93-6
lg (n /(mPas)) = 622.8/(T/K) — 1.714 for 295< T/K <425
92 CigHisAs triphenyl-arsine 603-32-7
T/°C 45.8 52.7 56.4 61.5 64.9 70.0 79.9 89.7
vimm%s) 2559  17.14 1423 1142  9.97 8.20 5.90 4.41

T/ °C 100.4 110.1 119.7 129.6 140.7

vi(mm?s) 3.43 2.80 2.34 1979 1678

2.1.3 Organoboron compounds

93 C3HoBO3 boric acid trimethyl ester 121-43-7
T/°C 25.0 30.0 40.0 50.0 60.0
n/(mPas) 03750 03568 0.3245 0.2969 0.2733

T/°C 25.0 50.0
nl/(mPas) 0.361 0.281

Ig (v /(mm?s)) = 288./(T/K) — 1.2940 for 293 < T/K <343
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Ref. p. 144] 2.1 Pureliquids: data 21
94 CsH1gB1o isopropyl-carborane 50924-45-3
T/°C -5.0 0.0 20.0 40.0 100.0 150.0 200.0
vi(mm?%s) 87.3 64.8 28.2 13.0 34 1.7 11

95 CsH1oBCl305 boric acid tris-(2-chlor o-ethyl) ester 22238-19-3
T/°C 20.0
nl/(mPas) 6.871

96 CsH1sBO3 boric acid triethyl ester 150-46-9
T/°C 25.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0
n/(mPas) 05178 04875 04392 03945 0.3586 0.3278 0.3010 0.2761

T/°C 25.0 50.0
ni(mPas) 0557 0414

lg (v /(mm?s)) = 342.1/(T/K) — 1.3625 for 293 < T/K < 343
T/ °C 214 40.0 60.0 59W
vi(mm%s) 0615 0503  0.424

97 CeH18B3N3 2,4,6-triethyl-borazine 7443-22-3
T/°C 20.0
vi(mm%s) 148

98 CoH15BClgO3 boric acid tris-(2-chloro-1-chloromethyl-ethyl) ester ~ 93507-34-7
T/°C 20.0
nl(mPas) 287.1

99 CoH15BO3 boric acid triallyl ester 1693-71-6
T/ °C 7.0 23.2 37.8 59W
vi(mm%s)  7.00 0.902  0.747

T/°C 25.0
nl/(mPas) 1.05

100 CoH»BO3 boric acid tris-(1-methylethyl) ester 5419-55-6
T/°C 25.0 30.0 40.0 60.0 70.0 80.0 90.0 110.0
n/(mPas) 0.8049 0.7502 0.6490 0.5048 0.4516 0.4059 0.3647 0.3009
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22 2.1 Pureliquids: data [Ref. p. 144
T/°C 130.0

n/(mPas) 0.2524

T/ °C 21.4 39.6 59.8 59W
vi(mm%s) 1.03 0.797  0.631

101 CgoH,:BO3 boric acid tripropyl ester 688-71-1
T/ °C 25.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0
n/(mPas) 10220 0.9393 0.8165 0.7142 0.6405 05718 05066 0.4619

T/°C 110.0 130.0 150.0 170.0

n/(mPas) 0.3757 0.3169 02716 0.2351

T/ °C 7.0 23.8 43.4 5OW
vi(mm%s) 159 1.09 0.845

T/°C 29.0
n/(mPas) 1.20

102 CoH»,BO3Sis boric acid tris-(trimethylsilyl) ester 4325-85-3
Ig (n /(mPas)) = 598.53/(T/K) — 1.9554 for 293 < T/K <418
103 C1oH24B505 tris-(butane-1,3-diol) diborate 2665-13-6
T/°C 20.0 40.0 60.0
nl/(mPas)  210. 45.5 15.42

104 CoH7BO3 boric acid tributyl ester 688-74-4
T/°C 25.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0
n/(mPas) 1.6434 15182 12814 11029 0.9582 0.8393 0.7413 0.6607

T/ °C 110.0 130.0 150.0 170.0 190.0 200.0 220.0

n/(mPas) 05334 04421 0.3728 0.3183 0.2764 0.2587 0.2290

T/°C 29.0
n/(mPas) 181

T/ °C 21.4 39.8 63.6 59W
vi(mm%s) 1.99 1.47 1.08

105 CHBO3 boric acid triisobutyl ester 13195-76-1
T/ °C 25.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0
n/(mPas) 18218 16426 1.3498 1.1374 09771 08405 0.7356 0.6496
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Ref. p. 144] 2.1 Pureliquids: data 23
T/ °C 110.0 130.0 150.0 170.0 190.0 200.0

n/(mPas) 05145 04217 03529 03011 0.2612 0.2449

106 C1oH»7B305 2,4,6-tributyl-cyclotribor oxane 7359-98-0
T/°C 0.0 10.0 20.0 30.0 40.0 50.0
n/(mPas) 5.40 3.94 2.94 2.24 1.73 1.36

107 C15H33BO3 boric acid tris-(3-methyl-butyl) ester 4396-02-5
T/°C 29.0
nl/(mPas) 2.99

108 C15H33BO3 boric acid tripentyl ester 621-78-3
T/°C 29.0
nl/(mPas) 2.88

109 C,H»BO; boric acid tribenzyl ester 2467-18-7
T/°C 20.0 40.0 60.0
n/(mPas) 14.7 8.22 4.86

110 C,H»BO; boric acid tris-(2-methyl-phenyl) ester 2665-12-5
T/°C 20.0 40.0 60.0
nl/(mPas) 186. 375 12.55

111  CxH3BOs;  boric acid diallyl ester 2,6-bis-(tert-butyl)-4-methylphenyl ester  102376-65-8
T/ °C 6.6 23.2 37.8 59W
vi(mm?s)  169. 46.0 21.2

112 C,4H5BO3 boric acid tris-(2-ethyl-hexyl) ester 2467-13-2
T/°C 20.0 40.0 60.0
nl/(mPas) 10.1 5.73 351

T/ °C 20.8 39.6 60.0 59W
vi(mm%s) 11.0 6.18 3.80

113 CyyH5BO3 boric acid triisooctyl ester 26401-30-9
T/°C 20.0 40.0 60.0
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24 2.1 Pureliquids: data [Ref. p. 144

n/(mPas) 1193  6.89 4.08

114 C,4H5BO3 boric acid trioctyl ester 2467-12-1

T/ °C 20.0 40.0 60.0

nl/(mPas) 10.48 6.13 3.62

T/°C 20.6 40.0 60.0 59W

vi(mm¥s) 11.1 6.38 3.93

115 Co7H49BO3 boric acid 2,6-bis-(tert-butyl)-4-methyl-phenyl ester
bis-(1,3-dimethyl-butyl) ester 19097-70-2

T/°C 26.2 35.2 45.0 59W

v/(mm?s) 521 208. 85.5

116 C,7H5,BO3 boric acid trinonyl ester 2467-14-3

T/ °C 20.0 40.0 60.0

n/(mPas) 17.50 11.62 5.85

117 C3HgBO3 boric acid tridecyl ester 20236-81-1

T/°C 21.3 40.0 60.0 59W

vi(mm%s) 19.3 10.3 6.66

118 C3oHg3BO3 boric acid triisodecyl ester

T/ °C 20.0 40.0 60.0

n/(mPas) 24.1 12.0 7.05

119 C3H75BO3 boric acid tridodecy! ester 2467-15-4

T/ °C 20.0 40.0 60.0

nl/(mPas) 18.85 14.6 8.24

T/°C 21.0 39.6 60.0 59W

vi(mm%s) 305 15.1 8.89

2.1.4 Organosilicon compounds

120 CH3CI5Si methyl-trichloro-silane 75-79-6
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Ref. p. 144] 2.1 Pureliquids: data 25
T/°C 20.0
nl/(mPas) 0.488

Ig (n /(mPas)) = 418.9/(T/K) —1.730 for 293 < T/K <393
121 CH.CLS dichloro-methyl-silane 75-54-7
T/ °C 20.0
nl/(mPas) 0.344

122 C,HsCl3Si ethyl-trichloro-silane 115-21-9
T/ °C 20.0
nl/(mPas) 0.606

123 C,HgBr,Si dibromo-dimethyl-silane 4095-10-7
T/ °C 25.0 35.0 45.0
n/(mPas) 0.883 0.796 0.714

124 C,HgCl,Si dichloro-dimethyl-silane 75-78-5
T/ °C 20.0
ni/(mPas) 0.490

T/IK 193.15 20315 21315 22315 233.15
nl(mPas) 2.35 1.86 1.50 1.30 1.10

125 C,HClLSi dichloro-ethyl-silane 1789-58-8
T/°C 20.0
n/(mPas) 0.474

T/ °C 20.0 25.0
n/(mPas) 0.527 0.509

126 C,H-CISi chloro-dimethyl-silane 1066-35-9
T/ °C 20.0
ni/(mPas) 0.293

127 C3HgClSi (3-chloropropyl)-trichloro-silane 2550-06-3
T/ °C 20.0
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