X. BAKERIAN LEcTURE.—On the Relations between the Viscosity (Internal Friction)
of Liquids and thewr Chemuical Nature.

By T. E. Taoreg, F.R.S., and J. W. Ropaer, Assoc. R.C.S.

Received and Read February 22, 1894.

[PraTE 8.]
CoONTENTS.
Parr I.—Nature or taE INvesTIGATION : METHOD 0F OBSERVATION, &C. Page.
Historical Introduction . . . . ... 397-408
The viscosity coeflicient and modes of measuring it . . . . . . . . . . . . . 407-408
Description of apparatus and method employed . . . . . . . . . . . . . . . 408-421
The constants of the apparatus Ce e e e 422432
Purity of the liquids employed . . . . . . . . . . . . . . . . . . . . 432-433
Deduction of working formula. . . . . . . . . . . . . . . . . . . . . 433-438
Formule connecting viscosity and temperatare . . . . . . . . . . . . . . . 438-440
Scheme of work . . . . . . . . L L . . Lo oL 440-443
Parr IL—TrE Rusvnrs Osraivep.
Viscosity-coefficients at the temperatures of observation for the various liquids, and
formulse connecting the coefficients with the temperature . . . . . . . . . . 443-548
Parr ITT.—Discusston or 1us Resvrrs OpTaINED.

Introduction . . . . . . . . 0 . L L L 0 0 L L L. 548349
Graphical representation . . . . . . . . . . ... . . . . . . . . . . 549-573
Algebraical representation . . B v S 1S
Viscosity magnitudes at compmrable tempemtm €S . . . . . . . . .+ . . . . . 586-589
A. Boiling-points . . . . . . . . . . . . . . . o . . . . .. 589621

B. Corresponding temperatures . . . . . . . . . . . . . . . . . 621
C. 1. Temperatures of equal slope . . . Lo e oo 622-688
2 Geenerality of the results at equal slope .o . e . ... ... 688694
3. Comparisons at different slopes . . . . . . . . . . . . . . . 694695
Temperatures at equal slope . . . . . . . . . . . . . . . . . . . . . 695-704
General conclusions regarding physico-chemical comparisons . . . . . . . . . . 704-705

Other methods of obtaining and comparing viscosity magnitudes . . . . . . . . 705
Appendix e e e . ... .. . 706-710

PART L
INTRODUCTION.

During the half century which has elapsed since HErMANN Korp directed attention

to the connection which exists between the molecular weights of substances and their
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densities, the attempts which have been made to establish similar relationships
between the magnitudes of other physical constants and chemical composition have
shown that probably all physical constants are to be regarded as functions of the
chemical nature of molecules, and that the variations in their magnitude observed in
passing from substance to substance are to be attributed to changes in chemical
composition.

The physical properties first investigated from this point of view were naturally
those either often measured or at least capable of being easily measured. To this
class belong such determinations as density, boiling-point, refractive index, &e., &c.
On the other hand, properties not so clearly understood, or less readily perceived,
received little or no atteution. An example of this kind occurs in connection with
the viscosity of liquids.

When a liquid flows, or when its form is altered, forces are called into play within
the liquid which offer resistance to the force causing flow or change of form. The
viscosity of the liquid may be taken as a measure of these internal forces, but,
although the common use of the terms “viscid,” “oily,” “mobile,” “limpid,” &ec.
shows that the endeavour has not been wanting to indicate the different character of
liquids in respect to this property, it is only within quite recent times that the
attempt to obtain quantitative measures of the viscosity, or viscosity-coeflicients, for
a large number of liquids has been made. This is due to a variety of reasons. To
begin with, physio-chemical inquiries have been almost exclusively carried out by
chemists, who have hitherto had little cause to study such a property as viscosity, the
conception and mode of quantitative expression of which have been developed by
physicists. Moreover, even from a purely physical point of view, the accurate deter-
mination of absolute coefficients of viscosity has been beset with difficulties, both in
the theory and practice of the methods employed. Viscosity is, no doubt, the nett
result of at least two distinet causes. When a liquid flows, during the actual collision
or contact of its molecules, a true friction-like force will be called into play, opposing
the movement. But, in addition to this force, even after the actual collisions, mole-
cular attractions will exercise a resistance to forces which tend to move one molecule
past another, and hence it may have been surmised that, even if accurate values of
the coefficients of viscosity could be obtained, they might not exhibit simple relation-
ships to chemical composition.™

Although few absolute measures of viscosity have been hitherto published, several
researches have been made which may be regarded, in certain cases at least, as being
concerned with the relations of viscosity to the chemical characters of substances.
That they may be so regarded arises from the circumstance that the observers have
incidentally made use of one of the methods for obtaining the viscosity-coeflicient,
which consists in noting the time which a definite volume of liquid takes to fiow

* Comp. Gxranrz, ¢ WIEDEMANN'S Annalen,” 24, 25, 1888; MurzEr, ¢ WigpEMANN'S Annalen,” 43, 35,
1891.
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through a capillary tube of known size under definite conditions of temperature,
pressure, &c. By suitably arranging the experimental conditions, the relative times
of flow, or, as they have been somewhat inaptly termed, the relative times of transpis
ration, through the same tube may be considered as proportional to the coefficients of
viscosity.

Hence it happens that the historical treatment of the investigations which are
related to that described in this paper opens with some account of the researches
which have been undertaken to obtain the so-called transpiration-times of liquids. It
has to be borne in mind, in dealing with this part of the subject, that in many cases
the observers were apparently unaware that they might obtain relative measures of
viscosity by the method they employed. They simply ascertained the time of flow of
a liquid, and considered this value as a physical constant under the experimental
conditions. In most cases, as will be made clear subsequently, these conditions were
probably not such as would admit of the transpiration-time being regarded as a
relative measure of the coefficient of viscosity—that is, of the real physical constant
which was influencing the experiments.

That the flow of liquids, and especially of water, through channels, conduits, and
pipes should have received so much attention in the early days of experimental
science is, of course, due to the economic importance of the subject. The main result
of these observations was to show that the resistance offered to the flow of the liquid
was as the square of the velocity, the velocity being in these cases considerable,

About fifty years ago, however, PorsmuILLg, starting from physiological con-
siderations, attempted to discover the law of the flow in tubes of very narrow bore
where the velocity of exit was but small, and here he found the resistance to vary
not as the square of the velocity, but directly as the velocity. It was thus evident
that the character of the motion of a liquid in a capillary tube where the velocity is
small, differed essentially from that occurring in the cases of rapid flow in tubes of
large diameter. As is well known, PorseuiLLe found that the volume of liquid, in
cub. millims., which flows in the unit of time throngh a tube of circular section, the
walls of which it wets, may be expressed by the formula V=KDt H/L, in which
D is the diameter in millims. of the tube, L its length in millims., H the pressure in
millims. of mercury, and K (which PoIsEUILLE regarded as a measure of the fluidity
of the liquid) a constant which varies with the nature of the liquid and its
temperature.

The meaning and validity of this empirical expression have been established by
the theory of hydrodynamics, and it has been shown that from observations made
by PoISEUILLE’S method, under suitable conditions and with certain corrections, to be
explained hereafter, the viscosity of a liquid may be ascertained.*

¥ Sroxes, ¢ Cambridge Phil. Trans.,’” 8, 304, 1847; G. WicpemaxN, ¢ Pogg. Ann.,’ 99, 177, 1856;
E. Hicensach, ‘ Pogg. Ann.,’ 109, 385, 1860; Strrax, ‘¢ Wien. Ber.,” 46, I1., 495, 1862 ; CourtrE, ¢ Ann. de
Chimie et de Phys.” (6), 21, 433, 1890 ; Wruserrorcs, ¢ Phil. Mag.’ (5), 31, 407, 1891.
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The attempts made by PoIsEUILLE to connect the magnitude of K with the nature of
the liquid were practically restricted to an extension of the prior experiments of
GIrARD on the influence of dissolved foreign substances in modifying the velocity of
flow of water. PoiseEvuILLE confirmed the fact that certain of these substances, like
common salt, accelerate, whilst others, like nitre, retard the rate of flow of water,
and that in general the action increases, within certain limits, with the amount of
substance added. At first sight it may seem remarkable that PorseviLLe should
have sought to elucidate the problem by attacking its most complicated side ; that is,
by studying the mutual action of heterogeneous molecules; but the circumstance is
explained when we remember that his primary object was to establish the causes
which determine the flow of blood in the capillaries, and to trace the influence of
different alimentary substances and medicaments on its movement. Although no
fundamental relations of the kind looked for were discovered, certain facts of a
remarkably significant character were brought to light. Thus it was found that in
the case of mixtures of alcohol and water, there is a certain mixture for which the
time of flow measured at a definite temperature is a maximum, and that this
maximum of transpiration-flow corresponds with the mixture which shows the
maximum degree of contraction, or in other words is connected with the existence
of an apparently definite hydrate, C,H O.3H,0. Hence it was inferred that such
observations might throw considerable light on the molecular constitution of liquids.

The subject was next attacked from this point of view by THomas Grawmam (¢ Phil.
Trans., 1861, p. 873). By a method of observation identical in principle with that of
PoisevirLg, he confirmed the fact that in the case of mixtures of alcohol and water, the
composition of the mixture which had the maximum transpiration-time corresponded
with the hydrate C,H;O0.8H,O ; and he showed that similar relationships were to be
found in the case of mixtures of nitric, sulphuric, hydrochlorie, acetic, butyric, valeric,
and formic acids with water, although the connection of the phenomenon with definite
degrees of hydration was not always so well marked as it apparently is in the case of
alcohol and water. Although we are not immediately concerned with this aspect of
the subject, it may here be stated that subsequent investigation has shown that
GRrRAHAM'S main conclusion is not capable of the simple expression which he gave to
it. Wwraxper (¢ Lund. physiogr. Sillsk. Jubelskrift.,” 1878, Abstr. in ¢ Wied.
Beiblitter, vol. 8, p. 8, 1879) confirmed GrAHAM'S observation that in the case of a
mixture of acetic acid and water, the maximum transpiration-time occurs at 20° with
the monohydrate C,1,0,.H,0, but it was also found that at another temperature,
the composition of the mixture having a maximum transpiration-time was not that of
a definite hydrate, showing that the phenomenon is probably dependent on or
modified by dissociative changes in the liquid. (Compare also J. TrAUBE, ¢ Chem.
Ber., vol. 19, p. 871, 1886 ; Pacrrant and E. Oppoxg, ‘ Atti R. Acc. delle Scienze di
Torino,” vol. 22, 314, 1887, Abstr. in ¢Beibl,” 1887, p..415; ARRHENIUS, ¢ Zeit. fiir
physikal. Chem.,” vol. 1, p. 285, 1887.) TFurther investigation is required to show
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how far determinations of viscosity may be taken as the measure of such dissociative
changes; up to the present no simple expression for the relation of the viscosity
coefficient, of a mixture to those of its components has been deduced.

A point of more immediate importance is that in this Memoir, GraAEAM, for the
first time, directed attention to the desirability of studying the transpirability of
homogeneous liquids in connection with their other physical properties, and in respect
to their chemical nature. He determined the transpiration-times of a number of
such liquids at the uniform temperature of 20° C., and compared the observed times
with that of water in the same apparatus, at the same temperature. From obser-
vations made on methyl, ethyl, and amyl alcohols; on acetic, butyric, and valeric
acids, and on the ethyl esters of these acids he found that the transpiration-time of
an alcohol, ester, or acid, increases as its boiling-point under ordinary pressure
increases, from which he inferred that a connection exists between transpirability
and molecular weight of a kind analogous to that which subsists between boiling-
point and composition, and he suggested the advisability of determining the trans-
piration-times of homologous series of substances at a fixed and relatively high
temperature.

In 1868, Renistas (‘ Ueber Transpiration homologer Fliissigkeiten, Inaug.-
Dissert.,” Bonn, 1868) attempted to develop the subject in the manner indicated by
GrAmAM, and at the same time to determine the influence of temperature on the
efflux-times of the liquids studied. PorsEvILLE, as already stated, had traced this
influence in the case of water ; GramAM had repeated the observations on water, and
had further studied the case of ethyl alcohol. REeLLSTAB'S method was essentially
that of PoIsEUTLLE, the main difference being that the effective pressure was established
by means of a column of mercury instead of by compressed air, and that the observa-
tions were made, as a rule, at various temperatures between 10° and 50°. The
intermediate values for every 5° were obtained by graphical interpolation, and the
times were compared with that occupied by water at 0°in flowing through the same
apparatus under the same pressure (circe 500 millims.). The experiments gave
directly what PriBrAM and HANDL subsequently designated (vide supra) by the
somewhat arbitrary term specific wviscosity of the liquids at the temperature of
observation. Calling the specific viscosity Z, it is expressed by the formula Z =t 100/z,,
~in which ¢ is the time of flow of the constant volume of liquid at the temperature of
observation, and ?, is the time occupied by the same volume of water at 0°, the
pressure which determines the flow being the same in both cases. RELLSTAB was
of opinion that the connection between composition and transpiration would be
best traced by comparing the efflux-times of “ equivalent amounts” instead of the
efflux-times of equal volumes of liquids. The efflux-times of equivalent amounts were
assumed to be obtained by multiplying the observed efflux-times of equal volumes
by the molecular weight, and dividing by the density; in other words, multlplylng the

MDCCCXCIV,~—A, 3 F
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observed time by the specific volume at that temperature. The values of Z, for so-called
“equivalent amounts,” were not given with the highest attainable accuracy, inasmuch
as the thermal expansion of certain of the liquids was unknown. As the range of
temperature over which RELLSTAB’S observations extended was only from 10° to 50°,
and as the relative densities of all the liquids experimented upon were known at 20°,
he employed in all cases the specific volume at 20°, instead of the true specific
volume at the temperature of observation. The error thus introduced depends
upon the difference between the coefficients of thermal expansion of the liquids
under investigation, and may amount to three or four per cent. at the higher
temperatures. The liquids investigated by RELLSTAB were alcohols of the C,H,,, ,0
series, certain of the fatty acids, a number of compound ethers (esters), aldehydes,
and a few aromatic derivatives.

Since the transpiration-time necessarily alters with the temperature, and at a
rate varying with each liquid, it was of fundamental importance to determine the
particular temperature at which the comparison between the individual results
should be made. RELLSTAB -assumed, with Korp, that the temperatures at which
the various liquids possessed the same vapour-pressure might be considered as
comparable, and adopting LANDOLT'S values for the vapour-pressures, he compared
the transpiration-times of ¢ equivalent amounts” of the acids of the C,H,,0, series
at a number of comparable temperatures between 0° and 50°.

The general result of the observations was to show that in the case of this series
of acids the transpiration-time decreases with increasing molecular weight in passing
from formic acid to acetic acid, and from acetic acid to propionic acid, but that the
differences between the values for the several pairs of acids become less and less as
the temperature rises until they become constant. On passing from propionic acid
to normal butyric acid, from butyric acid to valeric acid, from valeric acid to caproic
acid, the transpiration-times wncrease with increasing molecular weight, and the
differences between the values for any pair of successive homologues at “comparable
temperatures” become less and less with increasing temperature, as in the first case,
and tend apparently to become constant. No simple relation either between the
transpiration-times and the molecular weights or between these times and the vapour-
pressures could be traced by ReELrsTaB. Hence, in the rest of his memoir, RELLSTAB
simply follows GrAEAM'S suggestion, and compares the transpiration-times of
“ equivalent amounts” of the various liquids, whenever possible, at 50°, the highest
temperature to which his experiments extended.

The main conclusions which RerLstaB deduces from his observations may be thus
summarised :—

1. The transpiration-time of all liquid substances decreases with the temperature.
The decrease for equal intervals is most marked, the longer the time of efflux and the
lower the temperature. ‘

2. An increment of CH,, in an homologous series, is in general accompanied by an
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wncrease in the time of efflux. This increase in efflux-time is greater when the
increment of CH, takes place in an alcohol radicle than when it takes place in an acid
radicle.

8. An increase in the transpiration-time also accompanies an increment of CHOH,
of H,, and of O.

4. A decrease of efflux-time accompanies an increment of C.

5. Metameric bodies have, in general, different efflux-times. These are nearer
together, the nearer the boiling-points of the liquids.

6. Substances containing double-linked carbon have a greater eflux-time than those
of equal molecular weight containing single-linked carbon.

7. An increase or diminution of velocity of transpiration corresponds with an
increase or decrease of boiling-point without being a simple function of the latter.

8. In any particular homologous series it is possible to determine the direction of
the alteration in transpiration-velocity on passing from a lower to a higher member,
but not the magnitude of the change.

Guerout (‘ Compt. Rend.,” vol. 81, p. 1025, 1875 ; and vol. 83, p. 1291, 1876) also
determined the value of K in PorsguiLre’s formula K = VL/HD* (taking H as the
height of a water column) at ordinary temperatures (13°-15°) for a number of the
liquids investigated by REerLsraB, and from the data PriBraM and HaxpL have
calculated the ““ specific viscosities” for equal volumes so as to make the results more
directly comparable with those of RerrsraB. The numerical values thus given by the
two observers are, for the most part, widely different, although certain of their general
conclusions are in agreement. Both find that, as a rule, in an homologous series, an
increase of molecular weight is accompanied by an inerease of transpiration-time, and
GUEROUT confirms the exceptions in the cases of formic and acetic acids. GUERoUT’S
numbers are, with one exception, considerably higher than those of Rerrsras. In
the series of the alcohols the difference is as high as 40 per cent. in the case of butyl
alcohol, and is about 20 per cent. in most of the others; in the series of the acids the
discrepancy amounts to 5 or 6 per cent. It is impossible to determine exactly to
what these divergencies are due, since GUEROUT gives no details either of the character
of his preparations or of his method of observation.

GuerouT found that isomeric esters give the same value for K, but ]:\.ELLSTABS
observations lend no support to this conclusion.

The most extensive investigation hitherto published on this subject is that by
PriBrAM and Haxbpr ( Wien. Ber.,” Part II., vol. 78, p. 113, 1878 ; Part 1L, vol. 80,
p. 17, 1879 ; Part IL, vol. 84, p. 717, 1881), who have determined the *specific
viscosily 7 of a large number of liquid substances at different temperatures. Their
methods, in principle, were identical with that of PoisruiLrE, although it must be
admitted that their apparatus was hardly capable of furnishing results at all com-
parable in point of accuracy with that of their predecessor. Indeed, the test-observa-
tions which they adduce differ among themselves by from 2 to 3 per cent., and, under
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certain conditions of measurement, successive observations on the same liquid vary
by as much as 12 per cent.

The comparisons of the specific viscosities were given at temperatures differing by
a 5° interval between the maximum limits of 10° and 60°. The main conclusions
which may be deduced from their work, which of course refers to specific viscosities
measured at one and the same temperature, are stated by them as follows :—

1. The substitution in a molecule of Cl, Br, I, and NO, for H, in all cases increases
the specific viscosity of the substance. This increase is smallest on the introduction
of Cl, and increases on the introduction of Br, I, and NO,, and in the order given.
The absolute amount of the increase depends not only upon the nature of the
substituting radicle but also upon its position in the molecule.

2. Isomeric esters have nearly the same specific viscosity. Of two isomeric esters
that possesses the greater specific viscosity which contains the higher alcohol radicle.

3. The ester containing the normal radicle has always a greater specific viscosity
than the isomeride containing the iso-radicle, and this obtains no matter whether the
isomerism is in the alcohol or the acid radicle.

4. The normal aldehydes have invariably a greater specific viscosity than the
iso-compounds. In the case of the alcohols the results are conflicting, although as a
rule the normal compounds have a greater specific viscosity than the iso-alcohols.

5. The alcohols have a greater specific viscosity than the corresponding aldehydes
and ketones.

6. In homologous series, in general, the increase in specific viscosity is proportional
to the increase in molecular weight ; the actual amount of increase is, however,
dependent upon the constitution of the molecule, and only becomes constant when
the members of the homologous series, considered as binary compounds, contain one
constant and one variable member.

Prisram and Hanpr's work undoubtedly constitutes a great advance upon that
of their predecessors. But whilst it establishes the broad fact of a connection
between the viscosity of a liquid and the chemical nature of its molecules, it cannot
be said that the numerical results afford us any accurate means of determining the
quantitative character of this connection. This is probably due partly to the
imperfection of their observational methods and to their mode of treating their
results, and partly also to the uncertainty of the basis of comparison ; possibly, also
the nature of the liquids themselves may have occasioned, to some extent, the
equivocal character of the results, for it is impossible to gather from such data as are
given that the liquids approached the standard of purity which is desirable in an
investigation of this kind.

R. GarreNmEeistER (¢ Zeits. fir physik. Chemie,’ vol. 6, p. 524, 1890) has also
determined the viscosity of a large number of organic substances and has expressed
his results in absolute measure. His method consisted in allowing the liquid to flow
from bulb-shaped pipettes through capillary tubes in the manner already adopted by



BETWEEN THE VISCOSITY OF LIQUIDS AND THEIR CHEMICAL NATURE. 405

OstwaALD and ARRHENIUS (‘ Zeits. fiir physik. Chemie,” vol. 7, p. 285, 1887). The
greater number of the determinations were made at the temperature of 20°, but in
the cases of formic and butyric acids, and in those of methyl, ethyl, propyl, iso-propyl,
and iso-butyl alcohols, a series of estimations at every 10° between 10° and 50° was
made.

GARTENMEISTER finds that although, in general, viscosity may be said to increase
with molecular weight, there are apparently numerous exceptions to this rule. These
are seen not only among the initial members of the fatty acid series, but also among
the esters of aceto-acetic acid. Metameric esters frequently possess different vis-
cosities, as already observed by REerLsTaB. On the other hand, RELLSTAB’S con-
clusion that the viscosities more nearly approximate the smaller the difference in
boiling-point is only generally true. On comparing the boiling-points of the aceto-
acetic esters with their viscosities, it is found that the boiling-point of the ethyl ester
is always an equal number of degrees higher than that of the methyl ester of the same
acid, whereas, in the case of the viscosities, the relations are of quite another order.
BrtuL (‘Ber.,” 13, 1529) has pointed out that it is probable that in the case of
isomeric bodies more time would be required for an equal number of molecules to flow
through a capillary tube of that particular compound which has the higher boiling-
point, the greater relative density, and the greater refractive index; or, in other
words, that the viscosity of a liquid stands in the same relation to its chemical
constitution as do its other physical constants. GARTENMEISTER finds that, although
the statement may be taken as generally true, there are numerous exceptions.

Rewrstap concluded that substances containing so-called double-linked carbon
transpire more slowly than those of equal molecular weight containing single-linked
carbon. PriBrAM and HaNDL, however, found that the “specific viscosity ” of allyl
alcohol (C3HO) is less than that of propyl alcohol (CyHgO), and GGARTENMEISTER
observed that diallyl CH, : CH(CH,),CH : CH, has a lower viscosity than dipropyl

CHy(CH,),CH;.  On the other hand, the viscosity of benzene (CyHg) is more than
double that of dipropyl. If it is assumed that there is double linking in both allyl
compounds and in benzene, it would seem to follow that the relatively high viscosity
of benzene cannot be ascribed wholly to double linking, but is dependent rather on
those properties that we associate with the ring mode of atomic grouping. This view
of the influence of the ring grouping is confirmed by the study of other aromatic
compounds.

GARTENMEISTER further concludes from PriBrAM and HANDL'S observations that,
within the limits of temperature at which the determinations have been made, the
viscosity of compounds containing an equal number of carbon atoms in which Cl, Br,
and I replace each other is proportional to the molecular weight. In the case of
homologous series the viscosity is proportional to the square of the molecular weight.

The introduction of the hydroxyl group into the molecule greatly increases the
viscosity of the liquid. This is strikingly illustrated by the instances of propyl
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alcohol C,H,(OH), propylene glycol C,H(OH),, and glycerin C;Hy(OH);. Indeed,
the high viscosity of solutions of carbohydrates, e.g., the sugars, gums, &c., is probably
dependent on the relatively numerous hydroxyl groups present in the molecule. The
manner in which the hydroxyl group is.combined seems, however, to have considerable
influence on the viscosity. Thus, in the cases of the isomeric substances, benzyl
alcohol and metacresol, it is found that, in the first-named substance, in which the
hydroxyl group occurs in the side chain, the viscosity is very much less than that of
the second, in which the hydroxyl group is attached to a carbon atom in the benzene
ring.

The foregoing observations practically include all that may be regarded as attempts
to determine the connection between the viscosity and the chemical nature of
homogeneous liquids. A very large amount of experimental work has been done,
especially in the physical laboratories of Oscar E. Mrver, WIEDEMANN, and
OsSTWALD, on saline solutions and mixtures, in order to trace analogies and relations
between viscosity and electric conductivity, temperature, concentration, &c.; but while
these researches have been of great service in regard to the applicability and value of
observational methods, they have added little to our knowledge of the special
question with which we are more immediately concerned.

Although it is manifest from the foregoing account that relationships do exist
between the chemical character of liquid substances and that property which is
related to their times of transpiration, it must be admitted that these relationships
are not very precisely defined by such experimental evidence as we have at
present. Instances have been given in which the results of different observers, and
in some cases even those of the same observer, differ among themselves by amounts
which cannot be reasonably attributed to imperfections in the principle of the
methods employed. As a general rule, the plan adopted seems to have been to make
relatively rough observations on as many liquids as could be obtained, rather than to
institute a careful and systematic comparison between a few of well established
purity. Moreover, the nature of the conditions by which truly comparable results
could alone be obtained, has received but scant consideration. For example, it seems
futile to expect that any definite stoichiometric relations should become evident by
comparing observations taken at the same temperature. A few attempts have been
made to ascertain the influence of temperature on the time of transpiration, but these
are insufficient both in number and temperature range to admit of a trustworthy
deduction of the law of the variation. It seemed obvious therefore that in order to
investigate the subject with reasonable hope of discovering stoichiometric relations,
one essential point was to ascertain more precisely the influence of temperature on
viscosity, and then to compare the results under conditions which have been found to
be suitable in similar investigations in chemical physics.
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DEFINITION OF THE VIScosITY COEFFICIENT.

It has already been stated that the time which a liquid takes to flow through
a capillary tube, is, under certain conditions, a measure of its viscosity. The
necessary conditions will be given at length subsequently. It will be sufficient here
to indicate the meaning of viscosity, and the principles involved in measuring it.

In the case of an ideal solid, the value of the fraction

Force producing deformation
Deformation produced

is a constant ; whereas in the case of a liquid this ratio depends on the time during
which the force acts. Determined for unit-time, the fraction may be taken in the
case of a liquid as a measure of its viscosity or its resistance to change of form.
The coefficient of viscosity n* is thus given by the expression

Deforming force

n

" Deformation per unit time.

Consider a quantity of liquid contained between two parallel planes of unit area at
a distance & apart, and let a tangential force act on the liquid so that the planes
move parallel to one another, and let the displacement of one plane relative to the
other, which may he considered at rest, be &'

If the velocity of any stratum be assumed to be proportional to its distance from
the fixed plane, then the deformation of the substance between the planes per unit
time, or the rate of shear, is measured by the velocity of displacement of any stratum
divided by its distance from the fixed plane, and thus by 8&'/8, so that, if F be the
tangential force per unit area acting on either of the planes, and exerted by the

substance in resisting deformation,

—
77 - 81/8'

If &'/8 = 1, that is, if the displacement is equal to the distance from the fixed -
plane, n = F, and the coefficient of viscosity can then be defined. It is the force
which is necessary to maintain the movement of a layer of unit area past another of
the same area with a velocity numerically equal to the distance between the layers,
‘when the space between them is continuously filled with the viscous substance. Or
n may be defined as the tangential force which must be exerted on unit area of each
stratum of liquid in order to maintain the flow when the velocity is changing in a

* Different symbols have been used in different countries to indicate the coefficient of viscosity. In
France ¢, in Germany 4, and in this country u, have been commonly employed. The use of u seems
objectionable as it is now largely employed for the refractive index of a substance; it is also sometimes
used to denote magnetic permeability and also the micro-millimeter. We therefore prefer, in conformity
with German custom, to make use of 7 to denote the coefficient of viscosity.
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direction normal to the movement in such a way that strata at unit distance apart
have velocities which differ by unity. The dimensions of » are therefore [ML~!T~1],
It seemed advisable to design an apparatus which would admit of the determi-
nation, in absolute measure, of this coefficient for different substances and for a
temperature range from 0° up to the ordinary boiling-point of the particular Jiquid.
In this way instead of finding, as has been the usual custom, relative times of flow
through the same apparatus under the same external conditions of temperature and
pressure, and which might or might not be taken, as will be shown later, as measures
of a single physical magnitude of the substance, that is, of its viscosity, the physical
magnitude itself could be measured and the various influences which have been found
to affect its value could be allowed for. The physical constants thus obtained could
then be treated from the point of view of the chemist and the comparison would
thus be of the same kind as that employed in connection with other physical
magnitudes, such as densities or refractive indices. v '

Moprs or MEASURING VISCOSITY.

Although the transpiration method has been almost exclusively used in researches of
this kind, there are other methods of obtaining the value of . One of the oldest methods
is due to Couroms (‘Mém. de I'Tnst. Nat.,” vol. 8, p. 261, 1800). It consisted in
suspending a disc or cylinder within a mass of liquid and setting the disc or cylinder
oscillating. From the diminution in the amplitude of the oscillations the value of the
coefficient of viscosity may be calculated.

Another method depending on observations of the oscillation of a liquid in a
U-shaped tube was first proposed by LamBert (Mém. de 'Acad. de Berlin, 1784).
The Couroms method was modified by Maxwern. Prorrowski, at HermmoLTz's
suggestion, instead of oscillating a regular solid in the liquid, obtained values of % by
oscillating a hollow sphere filled with the liquid; and quite recently O. E. MEYER
has shown that by the use of a hollow cylinder instead of a sphere, the accuracy
obtainable in the theoretical treatment of the observations is considerably increased.

None of these methods was suited for obtaining values of % over wide temperature
ranges ; moreover, the large volume of liquid required to carry them out precluded
their use in our case, owing to the difficulty of obtaining such large quantities
of liquid in a state of sufficient purity. The tube method was therefore alone
available for our purpose. It is satisfactory to note that MtrzErL has obtained with
the hollow cylinder a value for % at 20° which is identical with that deduced from the
tube observations of POISEUILLE.

GENERAL PRINCIPLE OF THE METHOD AND DESCRIPTION OF THE APPARATUS
EMPLOYED IN THIS INVESTIGATION.

The principle of the method employed by us consists in observing the time
required for a definite volume of liquid, under a definite pressure, to pass through



BETWEEN THE VISCOSITY OF LIQUIDS AND THEIR CHEMICAL NATURE. 409

a capillary tube of known size, the temperature being known and kept uniform
during the interval.

The liquid under observation is contained in a vessel fitted with a capillary tube.
This instrument, on the suggestion of Principal BopiNeToN, we propose to term a
glischrometer. Itisimmersed in a bath of water or glycerin, the temperature of which
can be altered as desired. The definite volume of liquid which is forced through the
capillary tube is measured by suitable marks etched upon the instrument. A head
of water serves to set up the pressure, which is ascertained by a water manometer,
and the time of flow is noted by means of a stop-watch.

In deciding upon the form of the glischrometer several conditions had to be
observed. In most of the instruments used by previous observers, the liquid after
passing through the capillary was allowed to escape, and hence the apparatus had to
be re-charged before another observation could be made. In the form adopted by us
the time spent in re-charging was saved, by arranging that in all the observations on
any one liquid the same sample could be used repeatedly; and further economy in
time was obtained by arranging that observations could be taken while the liquid
was flowing in either direction through the capillary tube, and that while an
observation was in progress, and liquid was leaving one portion of the instrument, it
was entering another portion and getting into position for a fresh observation. It
was also desirable to avoid the use of corks or caoutchoue, at least in such parts
as would be in contact with the liquid ; it was therefore necessary that the instru-
ment should be made entirely of glass. This condition presented the first serious
difficulty in construction. To obtain absolute values of the coefficient of viscosity
the exact dimensions of the capillary tube had to be known, and the problem to be
solved was, how to seal the capillary tube to the other parts of the instrument in
such a way that the direction and size of its bore should not be altered.

The form of apparatus designed to meet these requirements is shown in fig. 1.
It consists of two upright limbs, L, and R, (left and right), connected near their
lower ends by a cross-piece. ~Within the cross-piece is the capillary tube, C, P,
the bore of which is about ‘008 centim. radius, and the thickness of the wall
about 2 millims., the internal radius of the cross-piece being a millimeter or so
greater than the external radius of the capillary. At the zone, R, R/, the walls of
the cross-piece are constricted and made continuous with those of the capillary, the
latter is thus gripped at its middle portion and held axially within the cross-piece.
The use of the cross-piece will now be obvious, for by its means the risk of altering
the bore of the capillary tube was lessened, as only one sealing operation was
necessary in order to make the capillary tube the sole means of communication from
the one limb to the other.

To ascertain that this was really the case and that the capillary was quite continuous
with the cross-piece all the way round, two simple tests were applied. A deeply-
coloured liquid was introduced into the instrument, when it was observed that the
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colour was stopped entirely at the zone, R, R  The second test consisted in half
filling one limb with water and blowing air from the empty limb through the water
in the other. Bubbles of air issued through the bore of the capillary tube only; of
course, if any passage had existed across the zone, its presence would have been
revealed by a stream of bubbles.

On one side of each limb of the instrument three fine horizontal lines were etched,
mt, m? k', on the left limb; m?3, m?% &% on the right limb. The volumes of the limbs
between m! and m? and between m? and m* were carefully determined ; these represent
the volumes of liquid which flow through the capillary. The time taken by the level
of the liquid to pass from the upper to the lower of either of these pairs of marks is

Fig. 1.

1&\

._‘*Jt‘

the time observed in the experiments. The limb is constricted in the vicinity of the
marks, in order to give sharpness in noting the coincidence of the meniscus with the
mark, The shape of the limb between the marks was made cylindrical rather than
spherical, in order that the contained liquid might the more readily acquire the
temperature of the bath in which the glischrometer was placed during an observation.

It will be seen from the figure that the upper ends of the limbs H!, H? terminate
within the glass traps T%, T2 These traps admit of slight adjustments of the volumes
of liquid contained in the limbs, and their use, which is connected with that of the
marks 4! and £% will be evident at a later stage. During an experiment the levels of
liquid in the two limbs are continually altering. It will be sufficient here to state
that the object of these marks and traps is to ensure that at the beginning of any
observation in a particular limb the effective head of the liquid contained in the glis-
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chrometer shall be constant and shall be known. = Let us suppose that an observation
is to be made in the right limb; the liquid level in the left limb is just brought into
coincidence with the mark 4!, when any excess of liquid will flow over into the trap
T?; hence the effective head of liquid extends from H? to %', and is thus known. A
similar proceeding is carried out for the left limb observations, using the mark 42 and
trap T'.  The marks %' and %* have been placed by trial in such positions that the
volume from ' to H? is almost equal to, but slightly greater than, that from %* to H.
The reason for this will be given subsequently. The volumes &' H* and 4* H' are the
working volumes of liquid used in the observations.

From what has been said it will be seen that at the beginning of an observation in
the right limb the liquid level is at H% In order to allow the observer time to get
ready to take the necessary readings before the liquid level falls to m®, which time is but
short in the case of mobile liquids, the limb is expanded into a bulb, as shown in fig. 1,
just above m?  After the liquid has fallen to m*and the time has been noted, readings of
temperature, pressure, &c., have to be taken immediately ; to give the necessary time
for these readings, the limb is again enlarged below the mark, so that they can be
taken before the level in the right limb falls to 4% and the level in the left rises to HZ.
Similar reasons explain the shape of the left limb. The lower extremities of the limbs
are also expanded and bulb-shaped. This form was given to them, so that, if by any
mischance any solid particles were present in the liquid under experiment, they would
tend to collect in the hollow under the end of the capillary.

The instrument was made of thin glass to facilitate the passage of heat through its
walls. It was therefore somewhat fragile, and would probably not have lasted
throughout the observations had pains not been taken in its treatment. When
immersed in the bath it was attached by light brass clips to a brass framework (see
fig. 8).  Whenever possible it was only manipulated when attached to this frame, and
in this way it could be filled with liquid and cleaned with little risk of breakage.

The general arrangement of the whole apparatus is shown in fig. 2. The scale is
A bath B, which for observations at temperatures below 100° contains water, and for
higher temperatures glycerin, is supported on an iron stand, which is placed on a
table in front of a window.® The bath is divided into two compartments. The inner
compartment is provided back and front with plate glass walls; the rest of the bath
is made of brass. The outer compartment bounds the inner at the sides, and under-
neath, and is fitted with a tap for adjusting the quantity of liquid which it contains.
The brass framework carrying the glischrometer, and thermometer T, can be lowered
into vertical slots in the lateral walls of the inner compartment ; when thus situated
the glischrometer occupies a central position in the bath. The walls of both compart-
ments are provided with guides, along which move stirvers consisting of brass plates
pierced with holes, which are attached to suitable rods and cross pieces, and are
worked by a small water-motor W, M, which is connected with the upper cross piece

* In practice two baths were used, one containing water, the other glycerin.

3 a2



412 MESSRS. T. B. THORPE AND J. W. RODGER ON THE RELATIONS

by a cord and pulley arrangement as shown in the figure. The length of the cord,
which varies with the atmospheric conditions, is adjusted by a hook and chain. Two
sets of stirrers fixed to the rods at different heights move in front of and behind
the glischrometer in the inner compartment, and of course at the sides in the outer
compartment.

Lids pierced with holes for the stirring rods, thermometer T, and india-rubber tubes
B, E', cover in the top of the bath. The lids covering the outer compartment can be
removed or replaced, even while the stirrers are in motion, without disturbing anything.

The rubber tube I connects the right limb of the glischrometer with the glass
tube O, in which is inserted the three-way cock Z. In the same way ' connects
the left limb of the glischrometer with the tube O’ fitted with the three-way cock Z'.
At P, O and O are united by a T-piece which leads to the bottle M containing a
quantity of sulphuric acid, which can be abstracted or replaced by means of the
siphon W. The acid serves to dry air in its passage from the reservoir L to the
glischrometer. 'When hygroscopic liquids are being experimented upon, the exit
tubes of the three-way cocks are provided with small tubes filled with calcium
chloride to prevent access of atmospheric moisture to the glischrometer. In this way
it is insured that dry air only is in contact with the liquid under examination.

By means of the tube N, which extends from within a few millimeters of the
surface of the acid in M to a centimeter or so below the cork 1., and which is fitted
with the cock Q, the air in M may be put into communication with the large air
reservoir L. This consists of a glass bottle of about 30 litres capacity, encased in a
wooden box, and surrounded with sawdust to prevent excessive fluctuation of tempe-
rature. A glass tube A’, which reaches to within 5 millims. of the bottom of I, is
connected, as shown, by india-rubber tubing with the water reservoir R. The air in
L is compressed by raising the water reservoir, the height of which can be regulated
by a cord leading by a system of pulleys to the stud X, in close proximity to the
position occupied by the observer, and to the water manometer D, D, which indicates
the pressure set up in the confined air-space. The manometer is connected with the
air reservoir by the tube I, I, which has a common termination with the tube N.

Leading from L to the air is the tube H furnished with a stop-cock. This tube is
but seldom used; it serves to make fine adjustments of the pressure by allowing
small quantities of air to escape from L, and it is also useful when it is necessary to
quickly bring the air in L to atmospheric pressure. The three-way cocks Z and Z’
serve to put either limb of the glischrometer in connection with the atmosphere or
with the air reservoir, or to cut off communication of either limb with the reservoir
or the atmosphere. By their means the air reservoir may also be put into connection
with the atmosphere.

When the apparatus is not in use, and the glischrometer has been removed from
the bath, the cocks Z and Z’ are turned so as to cut off communication from L to the
air, and the reservoir R is hung upon a peg which is attached to the table at a level
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below that of the bottom of the air reservoir. After water has siphoned over from L
to R, and the air in the former has thus been reduced to atmospheric pressure, the
cock Q is turned to prevent unnecessary absorption of water from L by the acid
in M.

In front of the bath is placed the iron stand S, which is fitted with levelling screws
and rests on the low wooden support shown. Fixed to the stand are three vertical
brass rods each carrying a telescope. The telescope on the middle rod is used for
reading the thermometer T. The telescope on the rod to the right of the middle rod
is used for viewing the marks m? m* on the right limb of the glischrometer, that on
the rod on the left for the marks on the left limb. On these outer rods are fitted the
stops U, U, which have been so placed that, after levelling the stand S, when a
telescope and a stop are in contact, one of the marks m of the glischrometer is in the
field of view. The stop-watch is kept on the table just to the right of the telescope
support. v

To obtain observations at temperatures above that of the atmosphere, the bath is
heated by Bunsen burners, which are protected from draughts by a zinc screen fitted
with glass windows, in order that the flames may be seen. The gas supply is regulated
by a quadrant tap, A, fixed to the side of the table close to the observer’s hand.
Temperatures below that of the atmosphere are obtained by introducing fragments of
ice into the outer compartment of the bath, this compartment being kept uncovered by
the lids at such times.

The double bath not only tends to keep the liquid round the glischrometer of a more
uniform temperature, but it also has the advantage that the liquid in the inner com-
partment need not be renewed very frequently, as any dust or dirt introduced while
regulating the temperature is confined to the outer compartment, and thus in no way
interferes with the telescope readings.

MzrHOD OF EXPERIMENT,

Before introducing the liquid to be examined, it was essential that the glischrometer
should be perfectly clean and dry. The instrument was first rinsed out by successive
quantities of dust-free water, alcohol, and ether, or, under ordinary circumstances,
alcohol and ether only, and allowed to drain. It was then transferred to a specially
constructed air-bath, heated to about 80° or 100°, and a current of air, filtered through
cotton wool, and dried by oil of vitriol, was drawn through it for some time.

The liquids used for washing were obtained dust-free by distillation in an appa-
ratus made entirely of glass, consisting of a large Wurtz flask, fitted with a
well-ground glass stopper, the exit tube being sealed to a glass tube, which was
passed through a Liebig’s condenser. They were stored in ether hottles which,
in addition to well-fitting glass stoppers, had glass caps ground on to their necks.
The liquid is gently distilled in this apparatus and, after sufficient time has been
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allowed for the tube of the condenser to be rinsed out, the distillate is collected in the
clean and dry store bottle. A small quantity of liquid is allowed to collact, and the
bottle is then rinsed out. After this process has been repeated three or four times, the
bottle is allowed to fill up with the distillate, and if on examination with a lens, when
the bottle is held up to the light, the liquid shows no trace of suspended matter, it
is regarded as dust-free.  If suspended matter is present the distillation is repeated.
As a rule, by the use of this glass apparatus, one distillation of liquid, which has been
distilled in the ordinary way, gives a sample free from dust. ‘

- A special piece of apparatus was made in order to introduce and withdraw liquid
from the glischrometer. The essential parts of the apparatus are seen in fig. 8. On
one side of a mahogany stand, which is 75 centims. high and 17 centims. square, is
fitted, by brass clips, a 20 cub. centim. pipette, A, which serves as an air reservoir.
Connecting this pipette with a similar one containing mercury, is a short straight glass
tube with a stop-cock, B, and a rubber tube. The mercury pipette can be hung upon
either of the hooks C or D, and in this way the air in the reservoir can be put under
increased or diminished pressure. : ”
Connected by a T-piece with the air reservoir, are the two vertical glass tubes, E
and F, each provided with stop-cocks.  One of these tubes can be joined by rubber
tubing to the horizontal limb of a small T-piece, &, the vertical limb of which passes
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through until it is just underneath the cork of the bottle, H, containing the liquid to be
introduced into the glischrometer. A light glass bottle of about 25 cub. centims.
capacity, to the base of which a disc of lead has been cemented to give it increased
stability, was found of convenient size as a filling bottle. To the upper or free end of the
vertical branch of the small T-piece, (&, 2 centims. or so of narrow rubber tubing are
fixed, which allow the short branch of a narrow siphon, K, to pass air-tight into the
liquid 1n the filling bottle. The siphon was made by pulling out a piece of quill tubing
in the blow-pipe flame, and bending it twice at right angles. The long branch extends
downwards some 35 centims. or so, parallel to the front side of the mahogany stand.
The second vertical tube, E, leading to the air reservoir, is useful for quickly putting
the air in the reservoir to atmospheric pressure. It can also be used to introduce
dry air, or other gas, to the reservoir and filling bottle when a hygroscopic or
decomposable liquid is being employed.

The other side of the stand is fitted with an exactly similar arrangement of pipettes
and stop-cocks., A vertical brass rod, L, I, extends along the middle of the entire
length of the front side of the stand at a distance of 2 or 3 millims. from it. Along
this rod slides a closely-fitting brass tube, M, which can be clamped to the rod by
a screw and milled head, N. Two cross-arms, O, O, are attached to the brass tube,
and the ends of these arms have been so constructed that they may be readily made
to support and hold vertically the brass frame, P, P, carrying the glischrometer.

By means of this arrangement the glischrometer can be brought under the long
branch of the siphon, and can be fixed with the end of the latter at any desired
height within the right or the left limb. On regulating the heights of the mercury
reservoir on the stand, and of the glischrometer, and manipulating the stop-cocks, a
definite quantity of liquid can with ease be introduced or withdrawn from the
instrument.

On several occasions, during the course of the investigation, the glischrometer was
treated with hot, strong nitric acid, in order to remove grease, free alkali, &c.

While the glischrometer was drying, the filling bottle and siphon, which, of course,
had been rinsed out with the same liquids as the glischrometer, were also being dried.
The bottle was heated on a steam tray, in a glass crystallizing dish, the top of which
was covered by a glass plate to exclude dust. When warm, a stream of air filtered
through cotton wool was blown through it. It was then corked, the ends of the
T-piece being closed with short lengths of rubber tubing plugged by pieces of
glass rod.

The liquid under investigation was then distilled, in the apparatus described
later, into the filling bottle. The latter having been repeatedly rinsed out with the
dust-free liquid, a suitable quantity was then collected and the bottle corked.

The siphon, which meanwhile had been kept on glass supports in a cupboard out of
the way of dust, was now suspended over the steam tray, and a current of filtered air
was then driven through it. When dry it was wiped on the outside with a clean silk
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cloth, and fitted to the filling bottle in the manner already described. The siphon
was rinsed out by allowing a few drops of the liquid to be examined to run through
it. It was then slowly emptied by putting the filling bottle under diminished
pressure. When it is empty, and bubbles are just about to be drawn through it into
the liquid in the bottle, the latter is put to air and the air current thus stopped.
This method has always to be used in order to empty the siphon, and the process
must be slow in the case of volatile liquids, otherwise evaporation takes place so
quickly at the free end of the siphon that ice crystals form and the siphon has to be
dried anew.

The quantity of liquid necessary to carry out an observation is greater than can be
contained in any one limb of the glischrometer. Instead, however, of filling the
requisite amount into each limb by means of the siphon, time is saved, and risk of
introducing dust is lessened, by filling liquid into one limb and by putting the other
limb to reduced pressure, the requisite quantity of liquid being aspirated into it
through the capillary tube. The method uniformly employed was to allow the siphon
to extend to the bottom of the right limb, the filling hottle being attached to the
pressure arrangement on the right side of the stand. The left limb of the apparatus
was then connected by the rubber tube Q, fig. 8, to the pressure arrangement on the
left side of the stand. The siphon was slowly set in action, and, after the liquid level
had risen above the capillary, the left limb was put under diminished pressure. It was
necessary to allow but a small quantity of liquid to enter the left limb; when
sufficient was introduced the pressure was brought up to that of the atmosphere and
the filling of the right limb proceeded with. During this process, by lowering the
glischrometer, the end of the siphon was kept just below the surface of the liquid; in
this way only a short length of the outside of the siphon was wetted, and risk of
introducing adherent dust minimised. When almost enough liquid had been intro-
duced the frame carrying the glischrometer was clamped, so that the end of the
siphon was at the height to be occupied finally by the liquid level. When the level of
liquid had reached the end of the siphon the latter was emptied in the manner
indicated. The volume of liquid to be introduced was found by trial ; it was slightly
more than was necessary for the purpose of observation when the liquid has the
lowest temperature at which experiments were made. The quantity had not to
exceed a certain limit, for, as will be seen presently, the traps T!, T% fig. 1, would
thus be filled, and the observations would be interrupted before they had extended
over the requisite range of temperature. It was also found convenient, in order to
avoid the possible introduction of liquid into the trap during filling, to aspirate such
a quantity of liquid into the left limb that the necessary volume of liquid was intro-
duced into the glischrometer when the right limb was filled up to about the mark m?.
Mobile liquids run so quickly through the siphon that when the liquid has reached the
desired level, before the action of the siphon can be reversed, so much liquid may
enter the glischrometer that if the volume of the limb up to the trap is not consider-
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able, the latter may be filled, and must be emptied before the observations can be
commenced.

When the volume of liquid in the glischrometer had been adjusted, the rubber
tube Q was detached from the glischrometer, which was then lowered, the siphon
moved aside, the tubes E and E’ (fig. 2) fitted to the right and left limbs, and the
ends of each stopped with a glass rod. The frame and glischrometer were now removed
from the filling stand, and any small air bubbles which occasionally lodged in the inter-
space between the capillary tube and the cross piece of the glischrometer were
removed. The thermometer was now fitted to the frame, which was next lowered into
the slots in the sides of the bath. The water-bath was used for low temperature
observations, and in the case of this bath, the stirrers were next introduced. The lid
of the inner compartment, which was pierced with holes for the rubber tubes and the
thermometer, was then fitted on, and the bath placed in position directly under the
pulley over which passes the cord leading to the motor.

In the case of the glycerin bath, the stirrers remain permanently in the liquid, the
glischrometer being introduced by unserewing the cross pieces connecting the stirring
rods and taking off the lid covering the inner compartment. This lid is made in one
piece, and can only be removed in this way, or along with the stirrers as is done in
the case of the water-bath. After adjusting the position of the bath, the rubber tubes
E, B (fig. 2) were at once fitted to the glass tubes O, O respectively, and the cocks
Z, Z’ turned so as to put the limbs of the glischrometer in connection with the air
reservoir L, and thus under equal pressures. The water reservoir was then raised to
the required height, care being takeén to wet the walls of the manometer for some
distance above the points where readings were to be made. In this way, before the
first observation was started, and in the interval between subsequent observations the
experimental liquid was kept under the increased pressure of the air in the reservoir.
Two advantages arise from this arrangement. In the first place, the air in contact
with the liquid is dry, which would not be the case if the pressure in each limb were
kept equal by putting the three-way cocks to air, and secondly, evaporation of the
liquid in the glischrometer under the increased pressure is retarded. At high tempe-
ratures the loss of liquid by evaporation during the interval between two observations,
when the temperature is being raised, and afterwards when it is becoming steady,
would in some cases be so great as to impair the volume necessary for the next
observation if the liquid were kept at atmospheric pressure for such a length of time.
Having established the pressure and having adjusted the length of the cord leading
from the stirrers to the motor, the latter was put on to the water main and the
stirrers set in motion.

If the experimental liquid did not solidify above 0° ice was now introduced into
the outer compartment of the bath, and as it melted the supply was replenished, the
water formed being removed at intervals by the tap. The motor was easily con-
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trolled. The rate of stirring was altered by regulating the water supply and the
length of stroke adjusted by attending to the cut-off.

By rapid stirring the temperature soon falls, and becomes steady at 0°'3 or 0°'5, the
exact temperature depending on the temperature of the laboratory. As a general
rule, observations at as nearly as possible the same temperature were taken in both
limbs of the glischrometer ; for this purpose, as will be evident from what follows, the
first observation at a given temperature had to be taken in the right limb.

When the liquid in the glischrometer had acquired the constant temperature of the
bath, the first point to be attended to was the adjustment of the working volume of
liquid. During the time that the glischrometer had been standing after being filled,
the liquid was slowly flowing through the capillary, and the level, which after filling
was much higher in the right limb, had been falling and approaching that in the left
limb. The cock Z was now turned so as to put the right limb of the glischrometer
to air. The pressure of the air reservoir, which was acting upen the liquid in the left
limb, caused the level in this limb to fall, and as soon as the meniscus, as seen by a
lens through the glass wall of the bath, touched the mark %', fig. 1, the pressure on
both limbs was equalized. The slight excess of liquid over the volume £'H? which was
introduced in filling the glischrometer, escaped into the trap T% This process was
carried out before observing the time of flow at any temperature, and in this way at
the beginning of any experiment, the head of liquid in the limb, subject to a small
correction for expansion of the glass of the glischrometer, was constant. As will be
shown later, by this means a pressure correction for the effect of the varying head of
liquid in the limbs of the glischrometer during the time of flow can be evaluated.

The head of liquid having been adjusted, the left limb was now put to air. Under
the pressure of the air reservoir the level in the right limb, which meanwhile had
been slowly filling, descended more rapidly.

The telescope on the right-hand outer rod was now clamped against the upper stop,
when the mark m? was in the field. As soon as the meniscus was seen through the
telescope to touch this mark the stud of the stop-watch was pressed and the hands
started. Readings of the thermometer T through the telescope, of the water levels
in the manometer, and of the manometer thermometer through a lens, were imme-
diately taken. The telescope on the right hand rod was unclamped and allowed to
slide down to the lower stop, the mark m* being then in view. During the experiment,
attention wag directed to keeping the temperature of the bath as uniform as possible.
This temperature was noted at regular intervals during the flow, and if the latter
were long, the manometer readings were also repeated. When the meniscus was seen
through the telescope to touch the mark m* the hands of the watch were arrested and
readings of the thermometer and manometer noted immediately as before. The time
indicated by the watch was next taken, and the hands brought back to zero. If it
was judged that these final readings could be taken and noted before the level in the
limb fell to &* the disposition of the cocks Z, 7" was left unaltered ; if the level,

3 H 2



420 MESSRS. T. E. THORPE AND J. W. RODGER ON THE RELATIONS

however, was falling too rapidly to admit of these observations, both limbs were put
under the same pressure before the level fell to the mark %2

To take an observation in the left limb, precisely similar operations were gone
through. The volume of liquid was first adjusted by bringing the level in the right
limb to %  Since, under ordinary circumstances, the left limb observation was taken
at the same temperature as the previous one in the right limb, and from the fact
that the limb is expanded below the mark m?*, sufficient time is given to the observer
before the meniscus passes from m* to £* to enable him to begin the observation in
the left limb, the cocks, Z, Z’, having remained undisturbed from the beginning of the
right limb observation. The working volume, ¥* H!, is, as already stated, slightly
less than &' H% This was necessary because at high temperatures during the flow
from the right limb a small but appreciable loss of liquid by evaporation took place,
chiefly from the left limb, which was, of course, at atmospheric pressure. It was
necessary, therefore, in order that observations might be taken at the same tem-
perature in either limb, that the working volume in the left limb should be the
smaller.

Care had to be taken not to make the difference of the volumes too great, for in
order that the right limb observation may be taken after a left limb observation, the
difference between the volumes must be made up by the expansion of the liquid in
attaining the next higher temperature of observation, and in some cases this tem-
perature interval is small—some 5° or so.

Having taken the necessary readings in the left limb, the pressure was equalised
on the two limbs before the level of liquid fell to &' and the bath was now raised to
the next temperature of observation.

To obtain temperatures between 0° and the atmospheric temperature, hot water,
and, when necessary, ice were introduced into the outer compartment of the bath,
and after several trials the quantity of boiling water needed to effect a given rise of
temperature, and the quantity of ice which had to be added from time to time in
order to maintain it constant, were ascertained with considerable precision. After
the temperature of the bath had become steady and the liquid in the glischrometer
had had time to acquire it, the head of liquid was adjusted and the observations
taken as already described.

To maintain the temperature just above that of the atmosphere small quantities
of boiling water were from time to time introduced into the outer compartment of
the bath ; for higher temperatures up to 100° the water-bath was heated by small
Bunsen burners. :

Temperatures above 100° were obtained by the use of the glycerin bath, the water
bath containing the glischrometer being allowed to cool to about 40°, and the
glischrometer then transferred to the glycerin bath, which had been previously warmed
over a steam tray. The glycerin bath was heated by a large Bunsen burner with a
spreading flame.
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During its flow the liquid in one limb of the glischrometer was at atmospheric
pressure, an observation could therefore not be taken at a temperature above the
ordinary boiling-point: of the liquid. The highest temperature at which an obser-
vation was taken depended on the appearance of bubbles of vapour in the liquid. It
invariably happened that bubbles began to form in the left limb, never near the
capillary, but in the region of the mark m® The temperature was raised till bubbles
appeared in the left limb. A right limb observation was then taken, a few bubbles
forming in the left limb while the flow was in progress, these bubbles affecting but
slightly, if at all, the validity of the observation. A. left limb observation was then
taken at the same temperature, and could always be carried on without the appearance
of bubbles. The fact that the results of these two observations are concordant proves
that the effect of bubbles during the right limb observation is inappreciable.

As a general rule, duplicate observations—one in each limb—were taken at the
same temperature in the case of each liquid, and these observations were made at
twelve temperatures, occurring at approximately regular intervals between 0° and the
boiling-point of the liquid. It was found, however, that the variation of the coeffi-
clent of viscosity with the temperature was of such a kind that it was needless for
the purpose of the research to take observations at temperatures separated by intervals
smaller than 5°. When, therefore, the range of temperature between 0° and the
boiling-point of the liquid was but short, fewer than twelve pairs of observations
were made, the number being regulated by the 5° interval.

In all cases the time of flow decreases as the temperature rises. In the case of
relatively viscous liquids, at low temperatures, single observations only were taken,
alternately from the right and left limbs. When, however, by rise in the tem-
perature the time of flow was reduced to a convenient amount, duplicate observations
were again taken.

If during a series of observations on any liquid the latter had to stand overnight in
the glischrometer, the cocks Z, Z’ were turned so as to prevent all passage from the
limbs of the glischrometer, and the apparatus was then disposed as when not in use.
When the cocks Z, Z" were placed as described above, the bottle M was in communi-
cation with the atmosphere, and, therefore, to prevent access of moisture, the exits of
the cocks were joined by a piece of rubber tubing. If the temperature of the bath
was below that of the air, it was advisable to make the levels of the liquid in the two
limbs about the same before turning the cocks, otherwise, on the temperature rising
during the night to that of the atmosphere, the expansion of the air in the limb
containing the smaller quantity of liquid might force the liquid from the other limb
into the trap, and thus affect the working volume.
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CoNDITIONS DETERMINING THE DIMENSIONS OF THE APPARATUS.

The fundamental measurement which regulated the degree of accuracy aimed at,
and therefore the dimensions of the apparatus, was that of time. Since a compara-
tively large number of liquids was to be examined, and since it was considered to be
necessary to make, as a rule, twenty-four observations on the same liquid in order
that the law of the change of viscosity with temperature might be ascertained,
it was desirable that the times of flow should be as short as possible, consistent with
an accuracy sufficient to satisfy the requirements of the research. Considering the
conditions of the problem, we may assume an accuracy of one part in 1000 as
sufficient ; indeed, when we have regard to the imperfection and uncertainty of the
theory, this degree of accuracy is probably the utmost that we can at present legiti-
mately aspire to. Since the watch was graduated into fifths of a second, and could
be read to one-tenth, it followed, on the assumption that one-fifth of a second was the
probable error in time of an estimation, and that two observations were to be taken
at each temperature, that the minimum time of an observation, even at the highest
temperature, should never be less than three minutes. At the lower temperatures,
where the efflux times would be greater, the same absolute error in time, other things
being equal, would of course have a smaller percentage effect.

On the basis of PoiseUILLE’S observations, we first made a trial apparatus, and with
such a working volume of liquid as seemed suitable (determined approximately in the
manner given below), we ascertained the size of capillary needed to give an efflux
time of three minutes in the case of water at 100°. = Observations with benzene,
which is less viscous at its boiling-point than water, showed that the same apparatus
could still be made to give efflux times within the minimum limit with liquids much
less viscous than water at its boiling-point, provided that means were devised for
slightly altering the pressure under which the flow took place. With the knowledge
acquired by the use of this model the apparatus described was designed.

Asregards the volume of liquid to be taken, it is obvious that, other dimensions being
constant, the larger the volume of liquid employed, the smaller is the percentage effect
of an error in the time; on the other hand, the larger the volume the greater becomes
the difficulty of keeping the temperature uniform during the flow and of ensuring
that the whole of the liquid has taken up the temperature of the bath. A relatively
small volume meets the requirements, and it may be made to give sufficiently long
times by using long and narrow capillary tubes. But in the case of a small apparatus
the relative amount of liquid which adheres to the walls is greater than in a large
apparatus of similar shape. On the assumption of the degree of accuracy above given
we are thus able to fix the minimum limit. Considering all things the best volume
to take appeared to be about-25 c.c. So small a quantity had the further advantage
that it enabled observations to be made on liquids which were difficult to obtain in
large quantities in a state of sufficient purity. The shape of the vessel had also to be
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considered. As regards rapidity of acquiring a constant temperature, a long cylinder
is better than a sphere; in the case of a sphere, however, less liquid adheres to the
walls than in that of a cylinder of equal capacity. Kxperiments made with water
determined the relations of length and breadth of cylinder such that the observations
should not be influenced, within the limits of accuracy aimed at, by the liquid left
adhering to the walls.

Having fixed the working volume, the other factors to be considered in maintaining
the time of flow at any temperature within the three minutes limit were the pressure
and the dvmensions of the capillary tube.

As already stated the pressure employed was a head of water. The minimum
head should be capable of measurement with an accuracy well within 1 in 1000,
The scales of the manometer were divided into millimeters and could be easily read
by a lens to 0°2 millim. The minimum pressure head usually employed was about
100 centims., which was found a convenient height to measure; hence the error in
reading the manometer did not exceed 1 in 5,000.

The dimensions of the capillary could now be fixed from PoIsSEUILLE’S observations
and from the results of the experiments with the model. Since the time of flow
depends on both the length and radius, it is obvious that the same time could be
obtained by means of tubes of very different dimensions. Tt was advisable, however,
to have the length as short as possible consistently with the considerations given
below, for then the limbs of the apparatus could be placed near together, and could
be kept more readily at the same temperature, and the temperature, indicated by
a thermometer placed between them, could be taken as that of each. The length
chosen was about 5 centims., and with this length the radius had to be about
*008 centim.

It will be obvious from 1he above dimensions that the velocity of flow of liquids
which have efflux times near the minimum limit is considerable.

25

. \4 .
Mean velocity = % = 7 X (008F % 180 = 66 centims. per second.

In connection with this relatively high velocity two questions present themselves :

(1) The formula used in obtaining the coefficient of viscosity is deduced on the
assumption that the motion of the fluid within the tube is linear, and that the
stream does not break up into eddies. OsBorNE Rev~Norps (¢ Phil. Trans.,” 1883
and 1886) has shown, experimentally, that if the velocity of efflux is greater than
that given by the expression V = 2000%/2rd, the motion is probably turbulent, and
therefore the formula will not hold. In this expression 7 is the viscosity coeflicient,
and d the density of the liquid; = is the radius of the tube. By taking
observations under different pressures, it has been shown, as is described later, that
the flow in the apparatus employed by us is linear. In the case of water the
critical velocity at 100° in our apparatus is about 400 centims. a second, the velocity
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actually observed is about 70 centims. In the case of ether, one of the most mobile
of liquids, the critical velocity at 32° as given by the above formula, is 360 centims.,
the actual value in the apparatus employed, even under the greatest head, is
938 centims. It is evident, therefore, that our apparatus falls well within the
requirements necessary for a stream without eddies.

(2) On account of the high value for the velocity of efflux the kinetic energy
correction (see p. 435) becomes in some cases comparatively large. Thus, in the
extreme case of ether at 32° under the highest pressure it is about 4 per cent.;
this is also the value of the correction in the case of water at 100° although
at 5° it is only ‘16 per cent. On the other hand, the recent investigations by
FinkeNeRr, CourTTE, and WILBERFORCE have shown that the theoretical basis upon
which the evaluation of the correction depends is valid, and that the actual deter-
mination of the numerical value can be made with a high degree of accuracy. In
any case, the stoichiometric relations deduced from coefficients of viscosity thus
obtained will in all probability be unaffected by any modification of the theory
relating to the correction. For this modification can at most lead to a correction on
a correction, because it is obvious that the liquid does carry away kinetic energy,
which must be allowed for. .

Moreover the legitimate use of the correction will give a means of testing its
validity, as the final results thus obtained can be compared with those observations
in which this correction is less important. Dearth of experimental data has been the
main obstacle in deciding the worth of the correction, and if, as has been the custom,
its effect were in all cases to be evaded instead of ascertained, the problem would
never be brought nearer to solution.

DerermMIiNATION 0F THE CONSTANTS OF THE GLISCHROMETER.

Volumes of Laquid Passing through the Capillary Tube.—The volumes of liquid
contained between the marks m! and m? on the left limb, and the marks m® and m?*
on the right limb, were obtained by gauging with water. Three weights were ascer-
tained—(1) The weight of water filling the glischrometer up to the lower marks m?
and m*; (2) the weight of water filling the right limb up to the lower mark m¢ and
the left limb up to the upper mark m!; and (3) the weight of water filling the
glischrometer up to the upper marks m' and m® In determining any of these
weights a quantity of freshly distilled water was introduced by means of the filling
apparatus into the clean and dry glischrometer, which had been carefully weighed.
The quantity of water introduced was adjusted until the levels of liquid in
either limb nearly coincided with the desired marks, pains being taken not to wet
the glischrometer above these marks. To obtain perfect coincidence between the
liquid levels and the marks, the glischrometer was transferred to the water-bath, and
by slightly altering the temperature and adjusting the quantity of liquid in either
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limb, by causing a small quantity to pass through the capillary tube, the temperature
was obtained at which the quantity of liquid introduced into the glischrometer
exactly filled it up to the marks, all the observations being made throngh the reading
telescopes. The glischrometer was next withdrawn from the bath, its open ends
closed by india-rubber caps, and allowed to take up the temperature of the balance
case ; the caps were then removed and the weight ascertained. Knowing the weight
of the glischrometer alone, the weight of water (reduced to a vacuum) which at the
temperature of the water-bath filled the instrument up to the marks could be ascer-
tained, and on introducing corrections for the expansion of the water and of the
glass, the volume at 0° could be readily calculated.

From two concordant sets of observations carried out in this way the mean volumes
were found to be

Right limb, m3, m*, 26731 cub. centims.
Left limb, m!', m? 2:5513 ’s

The amount of liquid which in any observation flows through the capillary tube is,
of course, less than either of the above volumes by the quantity which adheres to the
wall of the glischrometer-limb between the upper and lower marks. To obtain some
idea of the amount thus adhering, a glass vessel was made of as nearly as possible the
same shape and size as a limb of the glischrometer. This vessel was fixed vertically,
filled with water, and the amounts which at ordinary temperatures adhered to the
sides when the times taken by the water to flow from the vessel were about the same
as that of the actual viscosity observations were determined by weighing. About
002 grm. was found to adhere, and with rise in temperature the amount appeared to
diminish. The error thus introduced in the case of water corresponds to 1 in 1300,
and is within the limits of the accuracy to which we could attain. v

Dimensions of the Capillary Tube.—It was expected, and it so happened, that several
tubes would be broken before one was successfully sealed into the glischrometer in the
manner already described. On this account measurements of the mean diameter
and length of the capillary were deferred till the sealing in had been accomplished.

Having ascertained, by rough optical measurements, that the section of the bore of
a piece of capillary tubing was nearly circular, and that its mean diameter was suit-
able, before cutting off the required length, the tubing was marked as shown. BC being

\ BJBI leBz ) ]
A B C D

the length required, at these points two cuts were made with a sharp file, and on either
side of each cut, the same letter, B, or By, was etched on the tube with glass-ink. The
length, BC, was then broken off, carefully protected from dust, and sent to the glass-

blower. Optical measurements made on the section of the pieces AB and CD at their
MDCCCXCIV,—A. 31
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marked ends served, of course, to give the dimensions of the bore at the ends of the
length BC. In each case the length of the major and minor axis of the elliptical
section of the bore was determined. The method employed was as follows :—

One of the pieces, AB or CD, was fixed vertically in a cork, the marked end upper-
most, and projecting a millimeter or so above the cork. The cork was placed
centrally in a circular brass dise, on the circumference of which were four marks 90°
apart. This disc stood on a piece of paper, on which were ruled two lines at right angles
to one another, the marks on the disc coinciding with the lines on the paper, and the
whole arrangement placed so that the section of the bore of the tube was in the
field of the telescope of a horizontal cathetometer, which was graduated to read to
0001 centim. By rotating the cork, the major axis was, by trial, brought parallel
to the cross-hair of the telescope, and the minor axis was then measured. On
rotating the disc through 90° by means of the marks on its circumference and the lines
on the paper, the major axis could next be ascertained. '

Some thirty measurements made in this way gave the following mean values
observed at 17°2 :—

Major axis. ; Minor axis.
BndB, . . . . . . 017207 ‘016175
EudB, . . . . . . 017200 ‘016412

Correcting for the expansion of the glass and of the scale of the cathetometer, these
numbers give at 0° ag values for the mean section of the bore of the tube

Semi-major axis, ‘008603 ; semi-minor axis, ‘008148,

If these measurements could have been taken as absolute lengths in centimeters, no
further observations need have been made on the dimensions of the section of the
tube. It is very difficult, however, to obtain an instrument which will give such
readings for lengths so small; we have, therefore, regarded the above as relative
measurements, and have obtained the true lengths of the semi-axes by combining the
preceding measurements with what we have taken as the true mean radius of the tube
as determined by weighing with mercury, in the manner shortly to be described.

On receiving the glischrometer from the maker, the first point to decide was
whether the bore of the tube had been modified in the process of sealing. A thread
of mercury was introduced into the tube of such a length that it could be measured
when on either side of the zone of sealing, or when its central portion was in the
region of the zone. Eighteen measurements were taken by the horizontal cathe-
tometer, six when the thread was in somewhat different positions in each of the three
regions indicated above. The following mean values were obtained :—
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Thread towardsend B, . . . . . . . 15602 centims.
Thread at zone of sealing . . . . . . 15578
Thread towards theend B, . . . . . . 15581

It is evident that no appreciable modification in the dimensions of the bore had
been brought about in making the glischrometer. The measurements indicate also
the increase in the section of the tube towards the end B,, which was apparent from
the previous optical measurements.

Length of the Bore of the Capillary Tube.—From the fact that the ends of the
tube were somewhat oblique, it was a matter of some difliculty to find the exact
length of the bore. When the glischrometer was laid flat on the table with that side
undermost upon which the various marks m!, m? &c., were etched, owing to the
obliquity of the ends the termination of the bore could not be seen, and even with the
etched side uppermost the termination was not quite definite. Accurate readings
were obtained, however, by introducing a thread of mercury into the tube, the
quantity of mercury being so arranged that at either end the thread expanded into a
spherical globule. With the etched side uppermost the points where the bore ended
and this expansion took place could be clearly made out. Measurements were then
made with a Browx’s calibrating instrument of the length of the bore indicated in
this way, when the bore was parallel to the line of motion of the reading microscope
and when different parts of the scale of the instrument were used.

From twelve measurements the mean observed length at 15°°95 was

4-9318 centims.

Corrected for the expansion of the brass scale and the expansion of glass, at 0°

this value became
4-9826 centims.

Mean Radius of the Bore of the Tube.—The mean radius was determined by
weighing a globule of mercury which occupied a known length of the bore of the
tube. After several trials the method adopted was as follows :—The glischrometer,
perfectly clean and dry, was fixed with the capillary tube vertical, the left limb being
uppermost, and, of course, horizontal. Into this limb was next introduced a long
piece of drawn-out glass tubing containing a small globule of pure re-distilled mercury.
One end of this piece of tubing was placed on the flat end of the capillary, and to the
other end was attached a piece of rubber tubing. By gently compressing the rubber
tubing the globule was transferred to the flat end of the capillary. The drawn-out
tube was then removed, and a small india-rubber ball, which could be used as a
compressing syringe, was attached to the free end of the left limb. By gently tapping
the glischrometer the globule was brought over the bore of the capillary, and, when in
this position, by compressing the ball it was slowly driven into the tube. After a

312
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sufticient length of mercury had been introduced, by quickly laying the glischrometer
flat on the table, the excess of mercury contained in the globule was detached into the
left limb. The position of the thread which nearly filled the bore was then made as
nearly as possible equidistant from the ends of the capillary.

The length  of the thread was then ascertained by the calibrating instrument, eight
measurements, as a rule, being made when the thread was parallel to the line of
motion of the reading microscope and when either side of the glischrometer was
uppermost.

When the length had been accurately measured, by tilting the glischrometer the
thread was completely transferred, in the form of a globule, into the right limb. By
judiciously tapping and tilting the glischrometer, the globule was next very gradually
moved to the free end of the limb, its course being followed with a lens in order to
see that no separation into smaller globules took place. The globule was finally
received in a small weighed glass tube which fitted into a slightly wider tube. The
tubes together weighed less than 1 gram.

The weight W of the globule, which was but some *013 grm., was then ascertained.
The weighings were performed on an assay balance by the method of vibrations. The
sensibility of the balance was about 7 (1 scale division corresponded to less than
‘00014 grm.) The zero point and the sensibility were determined before and after
each weighing. Reduction of the observed weight to a vacuum was unnecessary
since mercury was weighed against platinum. By the use of the ordinary formula,
R = /(W/mpl), on introducing the necessary corrections for the expansion of the
brass scale of the calibrating instrument, and for the expansion of glass and change
in p, the density of mercury, the mean of two concordant determinations carried out
as above gave for R the mean radius of the capillary at 0°,

‘0082018 centim.

If A and B are the semi-axes of the elliptical section of the tube, on taking the value
of the ratio A/B, as already obtained by the optical method, and using the above
value of R as the true mean radius of the tube, the values of A and B are found to be

A = 0084374 centim. B = 0079728 centim.

At 0° the constants of the glischrometer thus obtained were as under :—

Volume, right limb = Vg = 26731 cub. centims.
Volume, left limb =V, = 25512 ,, ’
Length of capillary =17 = 4'9326 centims.
Section of [Major axis = A = 0084374 centim.
Capillary {Minor axis= B = 0079728 ,,

Determination of Temperature.—Two sets of thermometers, each consisting of two
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instruments, were employed. The working range of the first instrument extended
from 10° to 110°; that of the second from 100° to 210°. They were of the
Geissler pattern, made of Jena glass, and had been compared with standards at the
Physikalisch-Technische Reichsanstalt at Charlottenburg. Each thermometer was
provided with two fixed points and was divided into half-degrees and could be read
by the telescope to hundredths. The position of the two fixed points was ascertained
from time to time, and the necessary corrections introduced into the temperature
readings. During the time over which the observations extended there was no
appreciable alteration in the capacity of the bulbs.

In considering the influence of thermometric errors it must be remembered that
dy/dT varies for different liquids, and moreover for any one liquid varies greatly with
the temperature. Thus for water the value of this rate of change is about 18 times
as large at 0° as it is at 100°% This example serves to illustrate the general rule that
dn/dT is much larger at low than at high temperatures. On the other hand, in con-
sidering the effect of possible errors due to this circumstance, it must be remembered
that it is much easier to keep the temperature constant at low temperatures, and that
the accuracy of the final result is increased by the multiplication of thermometer
readings at the low temperatures, and that the longer times of flow tend to ensure that
the liquid has actually the temperature of the bath in which the whole is immersed.
An error of 0”1 in observing the temperature may be taken for an average value of
the viscosity as corresponding to about 1 part in 1000 in the value of %.

Determination of Pressure.—~The pressure under which the liquid was driven
through the capillary tube was measured by means of a water-manometer. This
consisted of a glass U-tube fixed, as shown in fig. 2, to a stout wooden frame, provided
with a plummet and levelling screws. The shorter limb of the manometer was con-
nected with the air-reservoir, and between the limbs was a thermometer to determine
the temperature of the water. Two millimeter scales, each 10 centims. long, were
etched on each limb, the middle points of the inner pair and of the outer pair being
equidistant from the middle point of the longer limb. The two upper scales were
read from below upwards, the two under scales from above downwards. The pressure
head was thus the sum of the scale-readings, plus the distance between the zeros of
the scales. The quantity of water was adjusted so that the levels were always on
corresponding scales, t.e., either on both of the inner or on both of the outer scales.
Pressure heads of circa 130 centims. were measured by the outer scales, and those of
circae 100 centims. by the inner. The inner scales were principally used for such
liquids as would, under the higher pressures corresponding to the outer scales, give
times of flow under the three minutes limit. The lengths of the scales were tested
and the distance between their zero-points measured by means of a De La Rive
cathetometer. As the pressure head was to be expressed finally in terms of water at
4°, the scale of the manometer was corrected to 4°. 'This was done once and for all
from the cathetometer readings at the mean atmospheric temperature by applying a
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correction, which also included a small scale error, to the distance between the
scales. The variation in length of the manometer between the mean and extreme
temperatures of the laboratory may be neglected. The true length of the water
column on a scale correct at 4°, having the temperature of the atmosphere, could
thus be got with ease. To express this as a head of water at the temperature of 4°,
advantage was taken of the fact that when the same two scales were used the pres-
sure head was almost the same, and thus the correction of the head for change in
density of the water depended only on the temperature. A table was therefore con-
structed from which by inspection the correction to be applied to the head at any
temperature in order to give the height of a column of unit density could be obtained.
In order to find the mean effective pressure, two corrections have to be applied to
this head of water.

1. Correction for Inequalities vn the Atmospheric Pressure on the Liquid Surfoces
in the Manometer and Glischrometer—A head of air, assumed to have the mean
atmospheric temperature and pressure, and having a height equal to the difference
between the upper level of liquid in the manometer and the mean level of liquid in
the glischrometer, opposes the flow of liquid through the capillary. Acting in the
same direction is a head of air having the atmospheric temperature and a pressure
equal to that of the atmosphere plus that indicated by the manometer, and having a
height equal to the difference in level of the lower liquid surface of the manometer
and the mean liquid level in the glischrometer. The mean value of this correction
for the outer scales was 0°17 centim. of water at 4°; for the inner scales the correction
was 0°13 centim.

These values are not appreciably affected by changes in atmospheric density, and
were therefore applied once and for all as corrections to the distance between the scales.

2. Correction for Change of Head of Liquid in the Glischrometer.—This correction,
which is needed to eliminate the effect of the alteration in the heads of liquid in
the two limbs, is by far the more difficult to ascertain.

If the limbs of the glischrometer had been identical in all respects, it would have
been possible to arrange the working volume of liquid before each flow, so that the
pressure produced by the head of liquid acting in unison with the pressure of the
air-reservoir during the first half of the time of flow, would have been cancelled by
an equal back pressure during the second half. As it was impossible to obtain the
limbs exactly similar, and as on this account the mean head of liquid accelerating the
flow differed from that retarding it, it became necessary to estimate the exact value
of the effective pressure due to this cause, and provide some means of ascertaining
its effect at any temperature with any liquid. This was rendered possible by the
use in each flow of a constant working volume of liquid, as already described. To
obtain the effective pressure called into play during the flow from, say, the right
limb, it was necessary to take account of the fact that the rate of change of pressure
was largely influenced by the varying diameter of the limb. A paper millimeter
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scale, 1 millimeter broad, was gummed along the entire length of each limb of the
glischrometer. A quantity of water was then introduced into the instrument, which
was transferred to the bath, and after a constant state of temperature (that of the
atmosphere) had been obtained, the working volume of liquid was adjusted. The
position occupied by the mark M3 was ascertained by a cathetometer, the level
of liquid in the right limb brought just into contact with the mark M3, and the
position of the level in the left limb read off. As the level fell in the right limb to
the mark M* readings were taken on the cathetometer and paper scales, of the
levels in both limbs, when that in any one limb was leaving a narrow portion of the
limb to enter a wide portion, or wice versd. Finally the cathetometer reading of the
mark M* was observed, the level brought into contact with it, and the position of
the corresponding level in the left limb noted. The positions of corresponding levels
are numbered alike, and are roughly indicated in fig. 1, p. 410. The temperature
remaining unaltered, the time was next observed, by fixing the cross hair of the
observing telescope on the corresponding reading of the paper scale, which the
liquid took to pass from 1 to 2, 2 to 3, &c., under a constant pressure. It was then
possible to plot out a curve having as abscissee the times, and as ordinates the heads
of liquid, 1 — 15, 2z — 2y, &c., representing the variation in the head of liquid with
the time throughout the entire flow, the curve between any two consecutive ordinates
being assumed to be straight. The curve consisted, of course, of two portions, one
above, the other below the axis of abscissee. On dividing the difference in the area
enclosed between the upper part of the curve and the axis of abscissee, and that
enclosed between the lower part of the curve and the axis of abscisse, by the total
time of flow, the mean head of water of density corresponding to the temperature of
the experiment which influences the flow is obtained. In the case of the left limb
this was found to be — *139 centim. at 19°15; in the case of the right limb it was
— 253 centim. It is obvious that with the same liquid this height will be subject to
a correction for expansion of the glass of the glischrometer, but as the height is
small compared with the total pressure, 130 centims. or so, the correction may
be neglected. Thus, for any liquid for any temperature — ‘139 centim. represents
the mean head of liquid opposing the flow from the left limb. In order to put this
head into the form of a correction to be applied to the reduced reading of the water
manometer, account has to be taken of the densities of the different liquids, and of
the variation in density of each liquid with change of temperature. A table has
been constructed for each limb of the glischrometer, from which, knowing p, the
density of the liquid at 0° and s, the volume which 1 cub. centim. at 0° occupies at
the temperature of experiment, it is possible to obtain by inspection the value, in
centims., of water at 4°, corresponding to the mean effective pressure head of any
liquid at any temperature. The tables include densities from 07 to 3'0, and volumes
from 1 at 0° to 1'2 at the highest point of observation.

- Determunation of Teme.—Two stop watches supplied by DENT were used. The
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rate of each was determined from time to time by running it for 12 hours against
an astronomical clock controlled by hourly signals from the Royal Observatory,
Greenwich, and suitable corrections, which were in all cases very slight, were
introduced into the observed times of flow.

Puriry or tE LiQuips EmMPLOYED.

As regards the purity of the liquids investigated, we mainly relied upon their origin
and mode of preparation, but we give, whenever possible, as criteria, the boiling-
point and vapeur density, and in some cases the density of the liquid employed for
the viscosity determinations.

The boiling-point was in almost all cases determined by means of the apparatus
seen in fig. 4, constructed on a principle similar to that already employed by
BerraELOT. It is made entirely of glass in order to exclude dust and extraneous
organic matter, and is so arranged that the mercurial column of the thermometer is
jacketed for by far the greater part of its length, and is completely surrounded by
vapour during a distillation. Hence the correction for the emergent column, which is
especially unsatisfactory in the case of thermometers of the Geissler pattern, is
obviated. For this reason it is only in the case of a few liquids which were distilled
from ordinary flasks that there is any correction for emergent column involved in the
boiling-points as given by us.

Fig. 4.

The neck of the flask is constricted just below the cork supporting the thermometer,
so that the cork may never be moistened by the liquid.

The observations on boiling-points are reduced to a standard atmosphere by the
formulee of Crarrs (‘Ber.,” 20, 709) and of Ramsay and Youna (‘Phil. Mag.,
1885, 515). In certain cases where the vapour pressures have been studied the
corrections have been deduced from the curves of vapour pressure.

In cases in which it was necessary to carry out a fractionation the same
apparatus was employed ; on account of the large radiating surface and the peculiar
construction of its neck, the flask was found to be very well adapted to this purpose,
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The vapour density was ascertained by means of the modified Hofmann apparatus
already described by one of us (Tmoreg, ¢ Chem. Soc. Trans.,” 1880), which allows of
the introduction of all the corrections necessary to obtain normal values. The formula
used in the reduction of the observations is

D =760W (1 4 oT)/:0,8957V {H — A (1 — BT)},
where

D = required vapour density,

W = weight of substance taken,

a = ‘003665,

T = temperature of vapour-jacket,

V = observed volume, corrected for meniscus and volume of hottle
X (L -+ "000025T),

H = barometric height corrected for scale error and reduced to 0°

I = height of mercury in experimental tube corrected for scale error at the
temperature T of the vapour-jacket,

B = 00001808.

It will be seen that the agreement between the observed and theoretical values is,
as a rule, very satisfactory.

DepuctioNn or mHE WORKING FORMULA.

When a stream of liquid flows through a tube of uniform section, so far as
experiments have been able to show, the liquid molecules appear either to move
in straight lines parallel to the axis of the tube, e, the motion is linear; or the
stream breaks up into eddies, 7.e., the motion is turbulent.

With a given liquid flowing through a given tube, linear movement corresponds to
the lowest velocities, turbulent movement to the highest, and for intermediate values
of the velocity, the two kinds of movement may occur alternately.

In order to deduce the value of the viscosity coefficient from the time of flow, it is
essential that the movement be linear.

If a horizontal tube of indefinite length and of radius R be traversed by a constant
current of liquid, pressure falls in passing along the tube in the direction of the
movement, and if measurements of pressure be made at any two sections of the tube
distant { {rom one another, the difference of pressure observed, if the movement is
linear, may be attributed to two causes :—

1. To friction of the liquid against the walls of the tube (external friction).

2. To the viscosity of the liquid (internal friction).

Experiment seems to show, however, that (1) is inoperative, because it is found
that if the tube be wetted by the liquid, the loss of pressure is independent of the
nature of the material of which the tube is made. 1t is, therefore, assumed that the
layer of liquid in immediate contact with the wall of the tube is stationary, and the

MDCCCXCIV.—A. 3 K
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experiments of Kocm (‘ Wied. Ann.,” 14, 1) on the flow of mercury through glass
tubes, and those of Courrrr on the flow of water through paraffin tubes, seem to
show that even when the tube 1s not wetted the same state of things prevails.®

Under the conditions above given, the loss of pressure may thus be wholly
attributed to overcoming the viscosity of the liquid.

Assume the velocity of the liquid molecules to be the same at points equidistant
from the axis of the tube, and to be zero at the wall of the tube and greatest at the
axis, and consider the forces acting upon an elementary cylinder of liquid situated
between the two sections of the tube at which pressure is measured, and having for
its axis the axis of the tube.

If 7 be the radius of such an elementary hollow cylinder, dx its length, measured
in the direction of the axis of the tube, dr its thickness, and P the pressure exerted
on one end of the cylinder, then the total pressure on this end will be 2mrPdr. On
the other end of the cylinder the pressure will be 2mr [P -+ (dP/dx) dx]dr. The
difference of these two pressures 2mwr (dP/dx) daxdr is spent in overcoming viscosity
or internal friction, inasmuch as the external pressures which are normal to the
direction of movement must be in equilibrium with the weight of the liquid.

Within the cylinder, the adjacent liquid is moving more freely and tends to carry
the cylinder along with it, whereas on the exterior surface of the cylinder the
adjacent liquid, which is moving more slowly, exerts a retarding effect. The
difference of these two friction-effects corresponds to the loss of pressure.

In order to estimate the magnitude of the friction-effects assumptions have now to
be made. When a liquid is at rest its surface is plane, the force between two con-
tiguous strata of liquid is therefore normal to their surface of separation. It is only
when the liquid moves that this force has a tangential component. It is thus assumed
that the magnitude of this component is a function of the relative velocity of the
strata, becoming zero when the relative velocity is zero. For small velocities, such as
those usually attained in capillary tubes, it is further assumed that the tangential
component is simply proportional to the relative velocity. The tangential component
is also assumed to be proportional to the area of the surface of contact, and to be
independent of the curvature of the surface. After making these assumptions it may
readily be shown that if p be the difference in the pressures at two sections of the
tube distant ! from one another, then V, the volume of liquid carried through the
tube per unit time, is given by

* The question of slipping at a liquid boundary has recently been raised by Bassnrr (‘Roy. Soc.
Proc.,’ 52, 273, 1893). Trustworthy experimental support to the idea that slipping really takes place
seems, however, to be wanting. Besides the results quoted above, and those summarised by Couurre
(Ann. de Chimie et de Phys. [6], 21, 490, 1890), the work of Wmernam (‘Phil. Trans.” vol. 181, A.
(1890), p. 559) is conclusive in showing that during linear movement the liquid layer in contact with
the solid wall is stationary, and from the experiments of Courrrs, the same condition appears to hold

even when the movement is turbulent.
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V = xR'%/8xl,
and thus, that
n == 7R*p/8VIL.

It is also possible to obtain the same expression for n by integrating the simplest of
the fundamental hydrodynamical equations of Navier (‘ Mém. Acad. des Sciences,
vol. 6, 1822), after making the assumptions that when a permanent current of liquid
passes through a tube the velocities of the molecules are parallel to the axis of the
tube and zero at the sides (Courrtx, ¢ Bull. des Sci. Phys.,” 1888).

If, instead of considering a tube of indefinite length, and the loss of pressure taking
place between two sections of such a tube, we deal with a system consisting of two
reservoirs, connected by a tube of finite length, the difference of pressure. measured
being that between the two reservoirs, then the above formula will in general not apply
unless suitable corrections be introduced. This arises from the fact that the observed
difference of pressure will, in general, not be entirely spent in overcoming viscosity
within the tube, for, besides this cause of loss of pressure, the following have to be
taken into account :—

(1.) If the liquid flows through the tube with a finite velocity, at the entrance to
the tube pressure will be spent in imparting kinetic energy to the liquid.

(2.) Owing to modifications of the stream-lines, especially at the entrance, pressure
will be spent to some small extent in overcoming friction outside the tube, in the
neighbourhood of its ends.

It is possible to arrange the experimental conditions so that corrections for these
disturbing causes may be neglected. The observations made by PorsevuILLe, with
long and narrow tubes, are in perfect accord with the preceding formula. In these
experiments the velocity of efflux was so small that the kinetic energy correction was
inappreciable, and, owing to the length and narrowness of the tubes, the pressure
spent in friction outside the tubes was negligible in comparison with that spent
within them. When, however, the velocity of efflux is considerable, and the tube is
as short as that of our glischrometer, the magnitudes of these disturbing effects have
to be ascertained and, if necessary, corrections have to be applied.

(1.) A correction for the kinetic energy imparted to the liquid was first deduced
by HacexBacH (‘ Pogg. Ann.,” 109, 385, 1860). His conclusion may be thus stated.
If, in the formula for an indefinitely long tube, / be taken as the length of a finite
tube, and p the difference of pressure between the reservoirs which the tube connects,
then the value of this correction, which has to be applied to the formula, is

. pV/210/37Tl,

in which p is the density of the liquid.

In a communication (‘ Ann. de Chim. Phys.” (6), 21, 433, 1890), which must be
regarded as containing the most complete theoretical discussion, which has hitherto
appeared, of the formula applicable to the case of a finite tube, Courrre finds that

3 K 2
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is the true value of the kinetic energy correction. This value is greater than that
given by HaGeNBACH in the ratio of /2 to 1.

Simultaneously with the publication of Courrre’s paper, GARTENMEISTER (¢ Zeit. fiir
physik. Chem.,” 6, 524, December, 1890), stated that, from considerations not then
published, Professor FINKENER, of Berlin, had arrived at a correction which is identical
with that given by Courrre, and, more recently, WrLBerrorcE (‘ Phil. Mag.,” 5, 31,
407, 1891) has shown that, from HaerNBACH'S assumptions, the value of the
correction, as given by Coumrrk and FINKENER is correct, as there is a slip in the
reasoning employed by Hacensacm. What may be termed the Courrre-FINKENER
value of the correction is the one adopted in this paper. It is shown by Courrrs to
give much better results than that of Hacenxsacn when applied to observations
made with two of the shortest tubes used by PorsmuiLLg, in which the velocity of
efflux was large and varied considerably.

The formula corrected for kinetic energy is therefore

n = «wR%p/8VI — pV/8nl.

(2.) Courrre alone seems to have attempted to obtain a measure of the friction
near the ends of the tube. What actually takes place in this region is not sufhi-
ciently known to admit of the magnitude of the effect being theoretically deduced.
Couerte concludes, however, that in order to assess its value experimentally, it may
be regarded as the same as that of a slight alteration in the length of the tube
employed, and the formula for a finite tube containing the corrections for kinetic
energy and the influence of the ends, he gives as

_[wRip p‘_V> [
M=%V T 8xl) 1+ L

Here, L is the length which must be taken in a tube indefinitely long and of the
same radius as the finite tube in order that when V volumes of liquid flow per unit
time through the tube the work spent in friction per unit time for the length L will
be the same as that dissipated by the influence of the ends. The magnitude of L
which takes note of this friction effect he attempted to deduce from such experi-
mental data as were available. Two sets of observations were made by PorseuitLe
with short tubes (say A and B) of the same radius but of different lengths. From
observations made with these short tubes at a uniform temperature of 10°, the values
of  caleulated by the formula for an indefinitely long tube vary with the velocity of
efilux, On introducing the Courrte-FINRENER correction for kinetic energy, unless
in the case of the highest velocities, the value of % is constant for either tube, but is
different in the case of tube A from that in the tube B, and in both cases it differs
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from the true value of 7, as deduced from PoOISEUILLE'S observations with long tubes
in which the corrections are negligible.

These differences CoUETTE attributes to the effect of the magnitude L. Let 5, be
the constant value obtained for n by the above process in the case of tube A, =y its
value in the case of tube B. On assuming that L has the same value for both tubes,
seeing that the diameter of each tube is the same, from the preceding equation the
true value of n should be given by

I I

Mg T

This was found to be the case ; the true value of % thus deduced was identical with
that obtained by PorseuILLE in the case of long tubes. On solving for L, its value
‘was found to be 2°868 times the diameter of the tubes.

From a set of experiments made by himself in which the diameter was seven times
that of the tubes used by PorseurLie, Couvrrre found that L was 3'2 times the
diameter. CoUETTE concludes from this evidence that, unless the velocity of efflux be
considerable, the value of L is constant and about three times the diameter of the
tube. Probably its magnitude becomes somewhat larger as the diameter increases.

The conditions of velocity in our observations and the diameter of our tube are
similar to those for which the above constant value of L seems to hold, and, on
applying the correction /(I 4 L) to our results, after correcting for kinetic energy,
they would be diminished by about 1 per cent. We find, however, that without
applying this correction for L our observations give results for water identical with
those of POISEUILLE. '

It need not follow, however, that our results are in opposiﬁion to the idea that the
source of error denoted by the correction is inoperative. We are rather inclined to
believe that its effect is made negligible in our case by another source of error which
acts in the same senge, and which it seems impossible to allow for. The radius of our
tube was obtained by weighing with mercury, a method which gives low results, due
to the film of condensed air which invariably intervenes between the mercury and
the glass. The radius thus obtained will be too small, and seeing that the fourth
power of the radius is employed in determining %, the percentage error made in
observing R will be macmlﬁed

For this reason, we have neglected the correction for L in deducing the value of % ;
this was indeed the only course which appeared to be open. The correction L is an
experimentally determined quantity, which was introduced in order to make observa-
tions taken with short tubes coincide with those taken by the long tubes of PoiseviLLE ;
in our case this coincidence exists without the use of the correction.

The formula used by us to obtain % was thus

n = wRY%p/3IV — pV/8ult,
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where V is now the volume of the liquid passing through the tube in time ¢. This
formula was deduced for a circular tube of radius R, but it is almost impossible to
obtain narrow tubes of perfectly circular section. The tube employed, as already
stated, was elliptical. In such a case the semi-axes of the ellipse being A and B,
Professor RUckER was good enough to show that R'/8 in the above formula should be
i (légf_sw) which, when A = B = R, is, of course, R*/8.

Since observations were made at different temperatures, a correction for expansion
of glass, and for changes in p, the density of the liquid, must be introduced into the

replaced by

formula.

If A, B, V,land p are determined for 0° if 8 be the temperature of observation,
B the coeflicient of linear expansion of glass between 0° and 6, and s the volume which
1 cub. centim. of liquid measured at 0° occupies at 6, then =, the coefficient of viscosity
measured at 0 will be given by

_ mA*Bp (1 + B0)° _ Vo (1+380)
M= LAY £ B IV (L + BOY (1 + 386)  Swlis (1 + BO)

Neglecting quantities of the second order,

_ wABp Vp
M= T+ By T g (T 2680
This formula may be written
A 1+ 280
ny = Kpt — kp. B

K and & are constants having different values for each limb of the glischrometer,
and p is, of course, constant for the same liquid.

1 4 286 could be taken with sufficient accuracy from a table constructed for every
5 degrees ; s was obtained from observations on the thermal expansion of the liquid.

Details of the measurements made in order to determine the constants K and %
have already been described. Their values are given by

log Ky, = 7°140937  log ky, = 2'313429,
log Ky = 7°120666 log &y = 2°333699.

ON THE MATHEMATICAL EXPRESSION OF THE RELATION OF THE VISCOSITY OF
Liquips To TEMPERATURES.

Our observations on the several liquids were, as already stated, taken at intervals
of temperatures varying between 5°and 15°. In order to obtain viscosity coeflicients
at any desired temperature from these observations, we have used both graphical and
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algebraical methods. It may be convenient to discuss here the reasons which led to
our adoption of the particular type of algebraical expression which we employ.

Most of the formulee which have hitherto been proposed have been devised from a
study of the effect of temperature on the viscosity of water. PoiseuiLLe (loc. cit.)
used an expression of the form

N = "70/(1 + at + BA).

O. E. Mever (f WiEp. Ann., vol. 2, p. 387, 1877) showed that although this
formula gave good results for the temperature range over which PoIsEuiLLe’s obser-
vations extended, namely 0° to 45°, yet for higher temperatures it was inapplicable.

For such temperatures MEYER proposed the hyperbolic expression

N = no/(1 + ai).

To cover the entire temperature range from 0° to 100°, SLoTTE (* WIED. Ann.,” vol. 14,
p. 13, 1881) suggested the expression

ne=C/(e + 1) =,

which gives numbers in fair agreement with the observed values.

The preceding formule were all deduced empirically and were applied only to a
particular case. GRrRAETZ (‘ WiED. Ann., vol. 84, p. 25, 1888), starting from MAXWELL'S
formula ( Phil. Mag.,’ (4), vol. 35, p. 129), » = ET (in which E is the modulus of
rigidity, and T is the time of relaxation, or the time which a stress excited in the
fluid takes to fall to 1/e of its original value), shows that as a first approximation

m=4A(0—0)/(t —1),

in which 0 is the critical temperature of the substance expressed on the centigrade
scale, and ¢, is an unknown temperature below the melting-point. A is a constant.
In deducing the formula GrArTZ assumes that the viscosity of liquids is mainly due
to molecular attractions, and that molecular impacts, which in the case of gases are
all important, play only a subordinate part in the case of liquids. It would follow
from the formula that at the critical temperature » is zero, and at ¢, is infinitely
great. A and ¢, have, of course, to be determined experimentally for each liquid.

On applying his formula to the results obtained by ReLLsTAB and by PriBraM and
Haxpr, in which the temperature range did not exceed 60°, GRAETZ found that in
some fifty cases it was satisfactory. In the case of the fatty alcohols and ethyl ether
the formula was inapplicable. That GrRAETZ'S formula appeared to fail in the case of
ether was no doubt due to the imperfect data by means of which he tested it. We
find that the formula v, = "0,3338 (1944 — ¢)/(t — 227°8) deduced from our observa-
tions reproduces them with an average divergence of less than 03 per cent. For
many of the other liquids, especially for water and the alcohols, the formula is
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unsatisfactory. GRAETZ'S formula may be transformed into the preceding expression
given by SLoTTE on putting A =0, § = (C — ad)/b, and — ¢, = a.

In a subsequent communication, SLo1TE (‘ Beibl., vol. 16, p. 182, 1892) reviews
the position of the question of viscosity as a function of the temperature, and
concludes that none of the preceding formule gives satisfactory results with liquids
such as the oils where the viscosity alters rapidly with change in temperature.

We had ourselves ascertained that an expression of the type given by PorskuILLe,
even when four constants were introduced, failed to reproduce the results for water
within the limits of experimental error.

SrorTE finds, however, that an expression of the form

ne = /(1 + BE)"

gives better results than any of the others. It differs from Porsrurnie’s formula in
containing in the denominator the general exponential term (1 - B¢)* instead of
14 at 4 Bi*

We have employed this last expression given by SLorTi as being the most
satisfactory of those at our disposal.

The formula may be written in the shape

n=cfla+ i
In order to determine the values of the constants, two values of %, viz., 5, and »,,
are chosen which correspond respectively with the temperatures ¢, and ¢;; a third
value of %, viz., 7,, is then found from the equation,
12 = V01,

and the temperature ¢, corresponding with this value %, is found graphically. @ and
n are then deduced from the equations,

_ 1y — 4 n — log n, — log 7,
Tl A+t — 28 " log (4 + &) — log (a + #) "

[02

In connection with each substance we give the data used in deducing the formula,
C

and the values of the constants for the expression 7, = A table is also given

(@ + 1)~
which contains the values of the constants when the formula is put into the shape
"= _:7“ ) The general applicability of SLorrE’s formula as a means of expressing

7 as a function of the temperature is discussed at a later stage.

ScueME or WORK.

With a view of testing the conclusions set out at length in the introduction to
this paper, and in particular of tracing the influence of homology, substitution,
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isomerism, molecular complexity, and, generally speaking, of changes in the composi-
tion and constitution of chemical compounds upon viscosity, we drew up a scheme of
work which has involved the determination in absolute measure of the viscosity of
some seventy liquids at all temperatures between 0° (except in cases where the liquid
solidified at that temperature) and their respective boiling-points.

This list is as follows :—

Water H,0.
Bromine Br,.
Nitrogen perox1de N,O,.

Paraffins and Unsaturated Fotty Hydrocarbons.

Pentane . CH,.(CH,),.CH,.
Isopentane . (CH,),CH.CH,,.CH,.
Hexane . CH,.(CH,),.CH,.
Isohexane . (CH,),CH.(CH,),.CH,.
Heptane CH,.(CH,),.CH,.
Isoheptane . (CHj;),CH.(CH,),. CHs,.
Octane . CH,.(CH,),CH
Trimethyl Lthylene (B—lbo(xmylene) (CH,),C:CH.CHS,.
Isoprene (Pentine) .o C,H,.

Diallyl (Hexine) .

CII,:CH.(CIL), CH : CH,

Lodides.

Methyl iodide . CH,I.
Ethyl iodide CH,.CH,L
Propyl iodide . CH,.CH,.CH,IL
Isopropyl iodide . (CH,),CHI.
Isobutyl iodide (CH,),CH.CH,L
Allyl iodide CH,:CH.CH,1.

Bromades.
Ethyl bromide CH,.CH,Br.
Propyl bromide CH,.CH,.CH,Br.
Isopropyl bromide (CH,),CHBr.
Isobutyl bromide . (CH;),CH.CH,Br.
Allyl bromide . CH,:CH.CH,Br.
Ethylene bromide CH,Br.CH,Br.
Propylere bromide . CH,. CHBr.CH,Br
Isobutylene bromide (CH,),CBr.CH,Br.

Acetylene bromide
MDCCOXCIV, —A.,

CHBr:CHBr.
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Propyl chloride
Isopropyl chloride
Isobutyl chloride .
Allyl chloride .

E. THORPE

AND J. W.

Chlorides.

Methylene chloride (chhlm methane) .

Ethyleone chloride .
Ethylidene chloride .

Chloroform (Trichlormethane) .
Carbon tetrachloride (Tetrachlormethanec)
Carbon dichloride (Tetrachlorethylene)

Carbon bisulphide
Methyl sulphide .
Ethyl sulphide
Thiophen

Acetaldehyde .
Dimethyl ketone .
Methyl ethyl ketone
Diethyl ketone

Methyl propyl ketone .

Formic acid
Acetic acid .
Propionic acid .
Butyric acid
Isobutyric acid

Sulphur Compounds.

RODGER ON THE RELATIONS

O, OTL,. CTI,CL
(CH,),CHCI.
(CH,),CILCH,CL
CH,:CH.CH,CL
CH,OL,
OH,CLCH,OL
OH,.CHO,,
CHCl,.

oo,

ocl,: COl,,

s,

(CH,),S.

(CH,. CH,),S.
CIL:CH.S.CH:CIL.

Acetaldehyde and Ketones.

Acids.

CH,.COH.
CH,.CO.CH,.

O, CH,.CO.CH,.
OI,.CH,.CO.CH,. CHj,
CIH,.(CH,),.CO.CH,.

H.COOH.
OH,.COOH.
OIL,.CH,.COOT.
COI,.(CH,),.COOH.
(CIL,),CH.COOH.

Oxides (Anhydrides).

Acetic anhydride (Acetyl oxide).
Propionic anhydride (Propmnyl oxide)

Ethyl ether

(CH,.CO),0.
(CH,.CH,.C0),0.
CH,.CH,.0.CH, CH,,
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Aromatic Hydrocarbons.

Benzene . Coe
Toluene (Methyl henzene) .
Ethyl benzene .
Ortho-xylene .
Meta-xylene

Para-xylene

Alecolols.

Methyl alcohol

Ethyl alchohol

Propyl alcohol .
Isopropyl alcohol .
Butyl alcohol .
Isobutyl alcohol .
Trimethyl carbinol
Amyl alcohol (active)
Amyl alcohol (inactive) .
Dimethyl ethyl carbinol
Allyl alcohol

CH,.

C.H,.CH,.
CH,.C,H,.
CLH,(CH,)y(1: 2).
C,H,(CH,)y(1:8).
CoH,(CHy)y(1: 4).

CH,0T.

CH,.CH,0TL
OH,.CH,.CH,0H.
(CH,),CHOH.
CH,.(CH,),.CILOH.
(CH,),CH.CH,0H.
(CH,),COH.
CH,.CH,.CH(CH,).CH,0OH.
(CH,),CH.CH,.CH,OH.
(CH,),C(OH).CH,.CH,.
CH,:CH.CH,0H.

Of course such a list might be greatly extended, and might be made to comprise
other well-defined groups of correlated substances. It must, however, be remembered
that we are limited in our selection by the difficulty of obtaining many substances in
a state of sufficient purity to warrant the expenditure of the labour necessary to
determine their viscosity. Moreover, we were desirous that the upper limit of
temperature in our observations should not exceed that which could be conveniently
ascertained in a glycerin bath : hence the boiling-point should not be higher than
160° or 170°.

PART II.—--RESULTS OBTAINED.

W ATER.

The viscosity of water has been frequently measured ; indeed, no other liquid has
been made the subject of so many determinations of this property. As the measure-
ments hitherto published exterd, for the most part, over a comparatively limived range
of temperature, we have considered it desirable to make an additional series of observa-
tions trom about 0° up to the ordinary boiling-point, partly to gain more information
as to the effect of temperature in altering the viscosity of water, and partly to

3 L2
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test the validity of our experimental method as well as the accuracy with which the
constants of the apparatus had been determined.

The sample of water used was distilled just before its introduction into the glis-
chrometer from a quantity which had been repeatedly distilled in order to free it
from dust. Special pains were taken in the final distillation to obtain a sufficient
quantity of air-free as well as dust-free liquid.

The details of the observation are stated below. On the left-hand side of the table
are given the results obtained from observations made in the left limb of the glischro-
meter, z.¢., when the liquid was flowing from the left limb to the right limb. On the
right-hand side are the corresponding results of observations in the right limb. In
the first column is given the mean corrected temperature at which the observation
was made ; in the second is the mean effective pressure in grms. per square centim. ;
under Corr. is given the value in dynes of the correction for the kinetic energy of the
liquid flowing through the capillary. Under 7, in the last column, is given in dynes
per square centim. the value of the viscosity-coefficient after all corrections have
been applied.

In calculating the results, the values used for the density and expansion of water
have been taken from the mean results of different observers given in Rosertr’s tables
(‘ Annales de Chimie et de Phys.” (4), 17, 370).

Viscosrty of Water between 0° and 100°.

Lieft limb. Right limb.
— T . ,,,,,.,‘
Temp. Press. Corr. | 9 Temp. Press. Corr. 9
5?4'7 12864 ‘0000237 014929 || 544 128-54 0000237 *014949

|

13-52 12865 -0000300 011814 || 1354 12854 0000300 011801
2204 128-64 0000370 009544 22:00 12856 0000370 009556
3072 128-48 0000447 007859 3073 12840 0000447 007861
3929 128-39 0000527 006627 3935 128-31 0000527 ‘006618
4703 128-70 0000605 ‘005761 47-03 128-61 0000605 005760
5553 12867 0000690 -005010 5554 12853 0000690 *005010
6398 12873 0000777 004416 64-05 12864 0000777 ‘004412
72:57 12873 -0000870 003909 7251 12867 -0000870 003921
80-74 128:81 | 0000956 003522 || 8076 12873 0000956 003526
8987 128:85 | 0001052 ‘003164 | 8994 128-75 0001052 003167
9812 12890 0001144 (002879 1 9806 128-82 0001144 002899
99-97 12890 ‘0001150 002859 ‘ 91-51 12879 0001150 002845

The results of these observations are graphically represented in Plate 8 ; viscosity
coefficients X 10° being taken as ordinates and temperatures as abscisse.
By taking
p, = 014939 3y = 002889 7, (calculated) = ‘006569
¢, = 5%4b ts = 9809 t, (from curve) = 39°72,

Il
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we obtain the formula
50849
= 43252 + g

The agreement between the Observed and Calculated valuesis seen in the followirg
Table :—

7 |
!
Mean temp. Difference.
Observed (mean). Calculated.
545 *01494 ‘01494 00000
1353 01181 . *01179 — 00002
22:02 00955 00951 — 00004
30-72 -00786 © 00784 — 00002
39-32 *00662 ‘00662 . -00000
4703 00576 00577 + 00001
5553 -00501 00502 -+ 00001
64-01 ‘004415 00442 + 000005
7254 003915 *00393 + 000015
80-75 003525 003535 + 00001
89-90 003165 003165 00000 -
98:09 -00289 00289 00000
100-00 - 00283 -00283 *00000

Mortrz ( Pogg. Ann.,’ 70, 1847) from observations made by the method of Couroms
(oscillating disc), inferred that water had a maximum viscosity in the neighbourhood
of 4°.  Other observers, and more especially PoisevirLe and SPRUNG, using the tube
method, were unable to detect any peculiarity in the rate of change of viscosity at
temperatures at about the point of maximum density.

We have made a special series of observations to test this question, the results of
which are seen in the following table :—

Viscosiry of Water between 0° and 8°

Lelt limb. v Right limb.
Temp. Press. Corr. . Temp. Press. Corr. 7.
o ' 1 o ‘

113 13016 | -000021 017094 0-37 13001 *000020 ‘017570
2:41 13026 *000022 ‘016395 1-86 130-04 *0000215 016701
447 129935 -000023 015351 3:09 130-10 *000022 016079
594 129:95 ‘000024 -014:639 384 129-83 *000023 015678
741 129-98 -000026 ‘014006 519 129-82 000024 *015005

667 129-845 | -000025 ‘014331

801 129-87 000026 ‘013766
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The results of the viscosity observations between 0° and 8°, by taking

¢, = 0°37 ty = 7°41 ty == 37
n, = ‘017570 7y == 014006 7, = 015687,

may be represented by the formula
587375

" BRI 4 )

which gives results in fair accord with the observed values.

77.
Mean temp. S Difference.
Observed (mean). Calculated.
0-37 01757 01757 00000
113 ‘01710 01712 + 00002
1-86 ‘01670 ‘01671 + 00001
241 01640 ‘01641 + 00001
3:09 ‘01608 01605 — 00003
384 ‘01568 ‘01566 — 00002
4047 ‘01535 ‘01535 ‘00000
519 01500 ‘01500 00000
594 01464 01465 4+ 00001
667 ‘01433 101433 00000
7-41 ‘01401 ‘01401 00000
8:01 01377 ‘01375 — +00002

The curve representing the change in viscosity was originally plotted on as large a
scale as was consistent with the accuracy of the observations, but no indication was
given by this curve that any anomalous change occurred in the viscosity at
temperatures between 0° and 8°. It must be borne in mind, however, that the
ancmalous change in the density of water amounts only to about 1 part in 10,000 ;
hence, since the accuracy attained in these special observations of viscosity probably
does not exceed 1 in 5,000, it may be doubted whether any anomalous change in
viscosity of the same order of magnitude as that observed in the case of the density
would be detected by any of our present experimental methods.

Measurements of the viscosity of water by the tube method have been made
by the following observers :—

Porsguree. . . . . . . . . ‘Mém. desisav, Etrang. ;9,433 (1846)
Gramam. . . . . . . . . . . ‘Phil Trans.,’ 151, 373 (1861).
Revesras . . . . . . . . . . ‘Inaug Diss. Bonn. (1368).

SPrRUNG . . . . “Pogg. Ann.” 159, 1 (1876).

RoseNcrANz (comm. by O. K. Meyer). ¢ Wied. Ann.,” 2, 387 (1877).
GROTRIAN . . . . . . . . . . ‘Wied Ann,’ 8, 536 (1879).
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SrEPHAN . . . . . . . . . . “Wied. Ann.,’ 17, 680 (1882).
WAGNER . . ... . . . . . . “Wied Ann.’ 18,259 (1883).
Scort® . . . . . . . . . . . ‘Wied. Ann., 20, 262 (1883).
Koéste . . . . . . . . . . . “Wied Ann.’ 25,620 (1885).
Travse. . . . . . . . . . . ‘Ber, 19,871 (1886).

Noack . . . . . . . . . . . “Wied Ann, 28, 666 (1886).

In order to compare our results with those of our predecessors, we have made a
careful critical examination of certain of these memoirs, and more particularly of
those in which the observations extend over a moderate range of temperature, which
are expressed in absolute measure, and which, so far as can be judged, were made
with sufficient care. In all cases where the values are given in gravitation measure
they have been reduced to dynes, and when a correction for kinetic energy is
necessary, the more accurate values deduced from the expression of CourrTE and
FINKENER have been substituted for those obtained by the formula of HAcENBACH.

‘PorstutLLE.—The observations made by PorsevuILLE in 1846 are still regarded as
the standard data from which the coefficients of viscosity of water for the temperature
range over which the experiments extended, viz., from 0° to 45°, may be deduced.
PorseurLie found the number of milligrams of water which could be driven through
tubes of different dimensions under definite conditions of temperature and pressure.
From four sets of observations in tubes of different diameters, O. E. Muver (* Wied.
Ann.,” 2, 387) has calculated the values of the viscosity-coefficients at the different
temperatures of observation, and, by graphical interpolation, has found from each set
the values at the same temperature 5° apart. The numbers obtained for the different
sets are in close agreement, and from these the mean values of the coefficients are
calculated.

On plotting these mean values as ordinates against temperatures as abscisse on the
same sheet as that containing the curve for our observations, the agreement between
the two series is seen to be remarkably close. PoISEUILLE’S observation at 0°6 lies
exactly on our curve, that at 075, which is not quite concordant with that at 0°6, is
somewhat larger than our observation at that temperature. From 5° to 80° the
observations lie slightly to the right of our curve ; from 80° to 40° they are coincident
with it, and the observation at 45° lies slightly to the left. In no single case does the
difference between our observations and those of PorseuiLLE at the same temperature
exceed 1 per cent. Comparing observations at intervals 5° apart at, temperatures
between 0° and 45°, the mean difference between our observations and those of
PorseulLLE is less than 0'4 per cent., PoisruiLii’s values being, on the average,
greater by this amount.

We have examined the values of the coefficients, as calculated by MEYER, from
PorsEuILLES observations, in order to ascertain if they lend any support to the
correction for friction-effects outside the tube, as given by Courrre. The coefficients
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determined with one pair of tubes should be on the average about 02 per cent.
greater than those determined by the other pair if the correction were operative.
No such difference is apparent; hence the value of the correction probably falls
within the limits of the experimental error.

Serune (loc. cit.) gives a series of values for water extending from 0° to 50° which
are expressed in gravitation measure. On introducing the necessary corrections to
reduce these values to dynes, we find that from 0° to 15° they are practically identical
with ours; from 20° to 50° they are slightly larger, the deviation increasing as the
temperature rises, until at 50° it is about 0'9 per cent. At 40° and 45° our curve
passes between those of SprUNG and PoiseuiLre. The Couette correction would
diminish SPRUNG’S results by about 046 per cent.

RosuncraNz (loc. cit.) made a series cf observations on water, at temperatures
between 40° and 90°, with a view of supplementing POISEUILLE’S observations
between 0° and 45°. On plotting RosENcraNz's values it is at once seen that
individual results differ widely from the values deduced from a mean curve. At the
higher temperatures, the mean values are also considerably higher than those obtained
by Srorte (v. infra) and ourselves at these temperatures. RoseENcraNZ'S value at
42°9 is identical with ours at that temperature, but at 80° his result differs by some 10
per cent. from that of SLoTTE and ourselves. The discrepancy between ROSENCRANZ'S
values and those of later observers is to be ascribed to the imperfections of his
experimental method. There can be little doubt, from the construction of his
apparatus, that he failed to ascertain the real temperature of the water flowing
through the capillary tube.

SrorTE (loc. cit.) is the only observer who has hitherto attempted to determine the
viscosity of water at all temperatures between its ordinary freezing and boiling-points.
His results are expressed in dynes, and we have modified them by substituting the
Coverre-FINKENER values of the kinetic energy correction for those of HacENBACH.
This makes a difference of about 1 per cent. in the value of n at the higher tempera-
tures. At 072, Suortw’s value for % differs by about 15 per cent. from ours; at
higher temperatures, his numbers are about 07 per cent. greater. The application of
the correction for friction effects outside the tube would diminish his values to the
extent of about 0°4 per cent., i.e,, make them about 0'3 per cent. greater than our own.

TrAUBE (loc. cit.) gives two sets of values for =, determined with two different
tubes, at temperatures between 0° and 60°. At the same temperature, the observa-
tions of the one series agree to within 1 per cent. with those of the other. Traung
compares his numbers with those of PoisguinLe (as given by HaerNBACH), SPRUNG,
and Storre.  From this comparison TRAUBE'S values appear to be larger than
SrorTE’s by amounts varying between 2 and 3 per cent., but agree more closely with
those of the other observers. This agreement, however, is not real, since PoisguirLe
and SPRUNG'S values are expressed in gravitation measure. As a matter of fact, when
the results of all the observers are expressed in dynes, TRAUBE’S numbers differ more
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widely from the values afforded by Porseuirre and SPRUNG’S observations than they
do from those of Srorre. The introduction of the Couette-Finkener correction
reduces TRAUBE'S coefficients at the higher temperatures by about 1 per cent. On
comparing these corrected values, which vary irregularly with the temperature, with
our own, they are found to be uniformly greater to the extent of from 15 to 4'2 per
cent.  These differences cannot be attributed to friction outside the tube ; the effect
of this would diminish the values by about 0'8 per cent.

The following table, showing the viscosity of water in dynes at every 5° between 0°
and 100°, is based upon the observations of PorsEuILLE, SPRUNG, SLOTTE, and ourselves.
The values due to PorseviLLe are those calculated by Oscar MevERr, with the
exception of that at 0° which has been obtained by graphical extrapolation.
SPRUNG’S values are those given in his paper, with the substitution of the Couette-
Finkener correction for that of HacENBACH ; SLOTTE'S numbers have been corrected in
like manner, and the values for every 5° obtained graphically. The values given by
ourseives have been obtained in the same way. ‘

TaBLE showing the Viscosity of Water in Dynes per square centim. between
0° and 100°,

Temperature. PorssuinLe. SPRUNG. SLorre. Traorre and Ropaer.
0 *01776* 01778 *01808 01778+
5 ‘01515 01510 01524 015095+

10 01309 *01301 ‘01314 013025
15 01146 01135 01144 011335
20 -01008 01003 "01008 *010015
25 00897 *00896 -00896 ‘00891
30 -00803 -00802 -00803 007975
35 00721 00723 00724 00720
40 00653 00657 00657 006535
45 00595 "00602 *00602 00597
50 00653 00553 005475
55 ‘00510 005055
60 00472 *00468
65 A 00438 ‘004355
70 : *00408 00406
75 -00382 003795
80 *00358 00356
85 *00337 00335
90 00318 ‘003155
95 00301 *002985
100 00285 00283

* The observation at 0°°6 was used in extrapolating this value. PorssuiLLe gives in addition a result
ab 0°:5, but as it is considerably greater than it ought to be, having regard to the curve drawn through
the other observations, it has been neglected.

1 These values are taken from the cnrve eonnecting the special series of observations made on water
between the temperatures of 0° and 8°,

MDCCCXCIV.—A. 3 M
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Broming.

About 600 grms. of “pure” bromine were repeatedly shaken with pure oil of
vitriol during four days. It was then separated from the acid and distilled in a
reflux condenser, made entirely of glass, with pure potassium bromide, for eleven
days. The product was next distilled into a bottle and treated with phosphoric oxide
for four days. On siphoning off the bromine from the phosphoric oxide it was found
to boil absolutely constantly at 58°81. Bar. 7563 millims.  Corrected and reduced
b.p. = 58°91.

The observations for viscosity gave :—

Left limb. ! Right limb.
f
Temp. | Pross. Corr. . ‘ Temp. Press. Corr. 7.
055 130-20 000094 | 012433 058 129-78 000094 012461

538 129-94 000099 011710 525 129-65 ‘000099 011754
1046 129-93 ‘000105 011027 1044 129-59 000105 ‘011047
16-18 129-93 000111 010347 16'14 129°57 000111 010362
21-09 129-94 ‘000116 009822 2105 129-60 000116 009838
2598 129-92 000121 009332 26°00 129-57 000121 009346
3118 129-33 000126 008880 31-22 128-99 000126 -008884:
3581 129-40 000131 008483 3592 129-04 000131 008486
4095 129-44 000136 008084 4092 12911 *000136 008107
4619 130-33 000143 007715 46-20 130-00 000143 007723
50-30 130-31 000148 007431 | 5027 130°02 ‘000147 ‘007442
5644 130-32 000154 ‘007049 | 56'38 129-99 000154 ‘007065

In reducing the observations we have employed the value d (0°/4°) = 3:18828 for
the density, and the expression

V =1+ 00,106218¢ 4 0°0,187714#* — 0:0,3085¢

for the thermal expansion. (TrorepE, ‘ Chem. Soc. Trans.,” 1880, 172.)
By taking

7, = ‘012447 N = 007057 7, (caleulated) = 1009372
¢, = 0°56 ty = 5641 ty (from curve) == 25768,
we obtain the formula
96002

W= (1102 4 iw

by means of which the calculated values in the following table are obtained :—
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. 7
Mean temp. - Difference.
Observed (moan). | Calcunlated.
056 ‘01245 ‘01245 00000
531 01173 ‘01177 -+ 00004
10745 ‘01104 01105 + 00001
1616 01035 ‘01037 + 00002
21-07 00983 00983 00000
2599 00934 100934 00000
31-20 00888 00887 — 00001
35-86 00848 00848 00000
4093 00809 00808 — +00001
4619 00772 00771 — 00001
50-28 00744 00744, -00000
5641 ‘00706 00706 -00000

NitroGeEN PErOxIDE. N,O,.

A quantity of this substance, prepared by heating carefully dried lead nitrate,
wasg distilled, after having been frozen in a mixture of calcium chloride and ice. Tt
boiled between 21°53 and 23%43. Bar. 7637 millims. Corrected and reduced
b.p. = 21°97.

Observations on its viscosity gave :—

Left limb. Right limb.

Temp. Press. Corr. 9. Temp. Proess. Corr, 2.
0-70 100-14 000078 ‘005214 075 9997 000078 005227
507 10017 000081 004947 511 100-02 000081 004960
9-14 10015 000085 004718 9:16 99-99 000085 004722

1188 10014 -000087 004573 11-86 100-00 000087 004583
1533 100-13 000090 004395 1539 9999 000090 *004408

The attempt was made to extend the readings up to within a degree or so from
the boiling-point of the substance. The vapour of the nitrogen peroxide, however,
acted so rapidly upon the cacutchouc connections at the higher temperatures that
further observation was rendered impossible. _

In reducing the observations we have employed the value  (0°/4°) = 1:4903 for
the density, and the expression

V=14 0:0,1591¢ — 0:0,3070152 4 0°0,21537

for the thermal expansion (THORPE, loc. cit., p. 225).
3 M 2
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Taking
7, = *005220 ny = *004401 7, (calculated) = 004793
t, = 072 ty = 15°:36 ty (from curve) = 7°:86,
we obtain

28155
T (14089 + £)e’

which gives results in good agreement with those obtained by observation.

7.

Mean temp. | Difference.
Observed (mean). l Caleulated.

o N [ N T
072 005220 ! 005220 *000000
509 004954 004952 —+000002
915 *004720 { 004722 +-000002
11-87 004578 ! 00457 —+000001
15-36 004401 004401 *000000

Hyprocarpons,

Pentane. CHg.(CH,)s CH,,

The specimen of normal pentane used by us was supplied by the late Professor
ScoorLEMMER. Re-distilled from sodium wire, it boiled between 36° and 88°. Bar.
7655 millims. Corrected and reduced b.p. = 86°3.

The observations for viscosity were as follows :—

Left limb. Right limb.
Temp. Press. Corr. 7. Temp. Press. Corr. 7.

077 99-80 000064 *002802 071 99-73 -000064 +002808

746 99-79 *000068 002617 748 99-72 -000068 *002623
13-13 9978 000071 002480 13-20 99-75 000071 002482
18.89 9976 000074 002352 1893 9969 *000074 ‘002351
2640 9971 '000078 -002188 2621 9968 *000078 002195 |
30-38 9973 *000080 002111 3044 99:69 *000080 002110
32:65 9969 000081 -002072 32-67 9962 000081 -002069

PERKIN'S value for the relative density, d (15°/15°) = 0°63873 (* Chem. Soc. Trans.,’
1884), and the expression
Vo= 1+ 0,14646¢ + 0,2093192* + 0160847
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for the thermal expansion (THORPE and L. M. Jonms, ¢ Chem. Soc. Trans.,” 1898,
p- 278), were used in the reduction of the observations.

Taking .
7, = 002805 73 = 002070 7, (calculated) = 002410
6 = 0°74 ty = 32°°66 t, (from curve) = 1600,
we obtain

Il
Il

19459
M= (16559 + £y’

which gives results in very close agreement with the observed values.

’)].
Mean temp. Difference.
Observed (mean). Calculated.

074 ‘002805 002805 *000000
747 002620 002619 —000001
1316 002481 002476 —+000005
18:91 002351 - ‘002344 —+000007
26-30 002192 002191 —+000001
3041 -002110 002111 +-000001
3266 *002070 002070 *000000

Isopentane (Dimethyl-Ethyl-Methane). (CH,),CH.CH,.CH,.

Obtained from Professor ScmorLEMMER. On distillation from sodium wire it boiled
between 29° and 82° Bar. 7634 millims. Corrected and reduced b.p. = 30°4.
Dr. PerkiN, who examined the magnetic rotation of the same sample, found the
same boiling-point. ,

The observations for viscosity gave :—

Left limb. Right limb.

Temp. Press. Corr. 7. Temp. Press. Corr. 7.

0-69 10005 000066 002704 073 100-01 000066 002702

641 100-02 000069 002546 640 9995 000069 002549
11-89 10001 *000072 002407 11-94 99-95 000072 -002408
1580 100-00 000074 -002323 1585 9995 -000074 002321
2105 99-99 000077 -002209 2091 99-95 -000077 002215
24-20 9996 000079 002143 2434 99-89 000079 002145
26-33 99-98 000080 002101 2644 99:90 000080 002103

In reducing the observations, PERKIN’s value for the relative density,
d (15°/15°) = 0°62479,
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and the expression
V=144 0,14683t + *0,5609626¢* 4 *046979¢3

(TrorPE and L. M. Jongs, loc. cit.) for the thermal expansion have been used.
By taking
7, = '002703 75 == "002102 n, (caleulated) = 002384
t, = 071 t, = 2638 ty (from curve) = 12°92,

fl
I

we obtain
1:2903

which gives values in very close agreement with those obtained by observation.

’)].
Mean temp. - Difference.
Observed (mean). Calculated.

071 002703 002703 ‘000000
640 (002547 ‘002545 — 000002
1191 1002407 ‘002407 ‘000000
1582 002322 002317 — 000005
2103 002212 002207 — 000005
24027 ‘002144 002142 — +000002
26-38 002102 1002102 000000

Hexane. CH,.(CH,),.CH,.

Obtained by ScHORLEMMER by the action of zinc and dilute hydrochloric acid on
secondary hexyl iodide from mannite ; it boiled at 71°5 (¢ Phil. Trans.,” 1872, p. 111).
Observations with the glischrometer gave :—

Left Timb. ' Right limb.
Temp. Press. Corr. 7. Temp. Press. Corr. 7.
083 99:95 -| -000048 003926 077 99-89 *000048 *003935
911 10003 000052 003578 9-19 49-95 000052 003584

14:72 100-10 ‘000055 003379 14-78 9998 *000055 003377
19-99 100-18 000058 ‘003201 19-97 10011 -000058 003203
2540 100-29 000060 003034 25-39 100-25 000060 003036
3020 100-35 ‘000063 002899 30-27 100-28 000063 002890
3676 100-39 000066 002718 36-76 100-32 000066 002726
4348 99-98 000069 002560 4346 99-90 000069 002553
4742 9997 000071 002468 4743 9990 000071 002272
5290 10003 000074 ‘002349 52-89 99-97 000074 002353
5878 100-06 000077 002230 5874 100-00 000077 002232
6364 100-10 -000079 002144 6354 10003 000079 002142
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ZANDER'S value (Annalen, 214, 163) d (0°/0°) = 06753 and his expression
V=1 4 :0,12665¢ + 0,17113¢ + *0,123156
or the thermal expansion have been used in the reduction of the observations.
Taking
7, = 003931 n; = ‘002143 7, (calculated) = ‘002902
¢, = 0780 ty = 63°59 ty (from curve) = '29°96,

ve obtain
27601

(18942 gyriae

vhich givés the following values as compared with those obtained by observation :—

7.
Mean temp. Difference.
Observed (mean). Calculated.

0-80 ‘003931 003930 — 000001
915 003581 ‘003587 + 000006
14:75 003378 003381, + +000003
1998 1003202 003204 + 000002
25:39 003035 ‘003034 — 000001
30:23 002894 002893 — +000001
3676 ‘002722 002719 — 000003
4347 ‘002557 002556 — 000001
4742 002470 1002466 — 000004
5290 1002351 +002349 — 000002
5876 1002231 1002232 -+ 000001
6359 1002143 1002143 000000

Isohexane (Dimethyl-propyl-methane). (CH,),CH.(CH,),.CH,,.

Obtained from Professor ScHORLEMMER, who found its boiling-point to ke 62°0.
Observations for viscosity gave :— '

Left limb. Right limb.
Temp. Press. Corr. 7. Temp. Pregs. Corr. .
0-48 100-08 000051 003692 075 100-02 000052 003684
556 100-09 000054 *003488 558 10000 000054 003487

10-22 100-02 000056 003314 10-28 99-99 000056 003318
1521 9998 *01.0059 003147 1531 9994 -000059 003146
20°51 9992 *000061 -002985 20752 99:91 ‘000061 002988
2548 99-95 000064 002841 2543 99-87 *000064: 002841
3196 99-99 000067 002673 3198 9991 000067 002667
3664 99-96 000070 002549 3662 99-92 000070 002550
41-07 9996 -000072 002449 41-08 9993 000072 1002451
4538 9990 000074 002354 4539 99-87 000074 002356
5114 99-46 000077 002233 51-20 99-40 000077 002237
5543 99-41 000079 ‘002153 5543 99-37 000079 002150
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In reducing the observations we have adopted d (15°/15°) = 06633 (which gives
o (0°/4°) = 0°6766) (PerkiN, ‘Chem. Soc. Trans.,” 1884, 447) for the relative
density, and the expression

V =1 + 0,187022¢ + 0,97649¢ + *0,20819¢3

(TrorPE and JoNEs, loc. cit.) for the thermal expansion.
Taking
7, = 003688 Ry = 002151 7y (caleulated) = 002817
t, = 0°61 ty = 55743 ty (from curve) = 2643,
we get

91796
(20085 4 £ T

which gives values in close agreement with those obtained by observation i—

’)’o
Mean temp. Difference.
Observed (mean). Calculated.

061 003688 003688 +000000
559 003487 003493 + -000006
10-25 003316 003323 + 000007
15-26 003147 003153 + 000006
20-51 002987 002988 + -000001
2545 -002841 002844 + 000003
31-97 002670 002669 — 000001
3663 002550 002553 + 000003
41-07 *0024:50 002449 — 000001
4538 “002355 002354 — 000001
8117 ‘002235 ‘002234 — 000001
5543 002151 002151 *000000

Heptane. CH,.(CH,),.CH,,

A specimen of pure normal heptane, from Pinus Sabiniane, was distilled from sodium
wire. It boiled at 984 (corrected and reduced).
Determination of vapour density :—
L II.
Found . . . . . 5011 50°19.
Calculated . . . . 5000

Observations for viscosity gave :—-
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Left limb., Right limb.

Temp. Press. Corr. ”. Temp. Press. Corr. .
P / p Ui

649 12840 000051 004797 636 128:36 000051 ‘004797
656 128-35 000051 004790 656 128-33 *000051 004801
13-49 12834 000055 ‘004418 1541 | 12829 000055 004419
2174 128-34 *000059 004023 21-74 128-28 000059 004031
3029 12832 000064 *003690 30-24 128-26 000064 003679
3834 128-50 000069 -003396 3834 12845 *000069 003399
4724 12851 -000074 003112 47-26 12843 000074 003112
5506 12854 000078 *002885 54-99 12850 000078 -002895
62-04 12959 000082 002719 6204 12855 000082 *002709
70-04 129-59 -000087 002527 70-14 12852 000087 002526
77:69 129-31 ‘000091 002372 7771 12817 000091 002372
8546 128:05 ‘000096 002222 8551 127-91 000096 002214
92-24 12757 ‘000100 002093 92-19 127°49 000100 002100

In the reduction of the observations the value for the density d (0°/4°) = 070048,
and the expression for the thermal expansion

V =1+ 0,121023¢ 4 0,11133¢> 4 0,1 17413,

already given by one of us (THORPE, loc. cit.), have been employed.
Taking
n, = 004797 N3 = 002096 7, (calculated) = 003171
= 643 ty = 92°22 ty (from curve) = 45°:28,
we obtain
_44boT
= {8014 1

which gives numbers in good agreement with the observed values.

')/.
Mean temp. e Difference.
Observed (mean). Calculated.

643 ‘004797 ‘004797 ‘000000
656 ‘004795 004790 — 000005
1345 004418 004425 + 000007
2174 ‘004027 004037 + 000010
3027 1003685 008687 + 000002
38:34 003397 ‘003396 — 000001
47-25 ‘003112 ‘003112 000000
5503 002890 ‘002891 -+ 000001
62:04 ‘002714 ‘002711 — 000003
7009 ‘002526 1002524 — 000002
7770 ‘002372 002363 — 000009
8549 002218 1002214 — 000004
92-21 ‘002096 ‘002096 000000

MDCCOXCIV,—A. 3 N
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Isoheptane (Dimethyl-Butyl-Methane). (CH,),CH.(CH,),.CH,.

Made for us by Mr. W. A. C. RocErs, Assoc. R.C.S., by Wurtz's reaction. In its
preparation pure inactive amyl alcohol was used; this was obtained by PASTEUR'S
method of fractional crystallization of the barium salts of amyl-sulphuric acid. The
alcohol was converted partly into bromide and partly into iodide, and these were
purified by fractional distillation before treatment with ethyl iodide or bromide and
sodium. The sodium, in thin slices, was gradually added to the mixed halogen
compounds in a flask connected with a reflux condenser. The reaction was more
vigorous in the case of the iodides than in that of the bromides. The contents of
the flask were distilled over in an oil-bath and the distillate heated in sealed tubes
with sodium to decompose any unaltered halogen compounds, The product was
further purified by Jusr’s method (‘Annalen, 220, 154) and finally fractionally
distilled in order to separate the diamyl simultaneously formed in the reaction. It
boiled between 90°'35 and 90°75. Bar. 766'8 millims. Corrected and reduced
b.p. = 90°2. ‘

A determination of vapour density gave: Found 49-47. Calculated 50-00.

The observations for viscosity gave :-—

Left limb. Right limb.

Temp. Press. Corr. 7. Temp. Press. Corr. T
041 10345 000043 004743 044 10339 000043 004744
769 103-33 *000046 004339 771 103-31 *000046 004347

15:92 10330 -000050 003955 15-85 103-24 000050 003963
24:66 103-23 000054 -003602 24-61 103-18 000054 003613
3232 10279 000058 1003352 52:30 10274 -000058 003335
4006 102-71 ‘060062 003089 4005 102-70 000062 003095
4908 102-64 000066 *002838 4900 10256 *000066 -002840
5647 102-56 *000070 002652 5645 10252 000069 002650
6391 102-47 -000073 "002483 6393 10242 000073 002485
71-82 10242 = -000077 ‘002314 71:86 102 35 -000077 002319
80-65 102-26 000082 002146 8066 102-21 000082 002153
8839 10221 000086 ‘002010 | 8843 102-14 000086 002015

In reducing the observations we have used d (0°/4°) = 06969 for the density, and

the expression
Vo= 1+ +0,12394¢ + 0,1193182 + *0,130584

for the thermal expansion (THORPE, loc. cit.).

Taking 7, = 004743 ng = ‘002012 7, (calculated) == 003089
¢ = 0%42 ty = 88741 t, (from curve) = 40°:07,
we get
36279

(18047 + e 2
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which gives numbers in fair agreement with the results of observation :—

7]-
Mean temp. Difference.
Observed (mean). Calculated.

0-42 *00474:3 004743 *000000
770 ‘004343 004855 + +000012
1588 003959 003972 + +000013
2463 003607 *003615 + 000008
3231 -003333 003338 -+ *000005
4005 -003092 -003090 — 000002
49-01 *002839 *002835 — 000004
5646 002651 002646 — 000005
63-92 002484 -0024:74, — 000010
71-84 002316 *002309 — +000007
8066 002149 002144 — +000005
8841 *002012 +002012 -000000

Octane. CHg.(CH,),.CH,.

A sample of normal octane, prepared by Professor ScHORLEMMER from capryl alcohol,
was digested over phosphoric anhydride and distilled from sodium wire, and the fraction
boiling between 12457 and 124°'73, which was more than half the total amount, was
collected separately and used for the observations. Bar. 7478 millims. Corrected
and reduced b.p. = 125"24.

Determination of vapour density :

Found, 56-54. Calculated, 57-00.

The observations for viscosity gave :-—

Left limb. | Right limb.
|
Temp. Press. Corr. 7. 1’ Temp. Press. Corr. 7.
i
0-23 104-48 *000030 ‘007001 0-28 104-39 *000030 *006999
1218 104-52 000035 *005944 12-19 10444 000035 005944
2292 104-58 *000040 ‘005198 2292 104-53 *000040 *005200
32:97 104-64 *000044 ‘004623 32:96 104:56 000044 004630
43-89 104-73 *000049 *004108 4390 104 64 000049 004107
54772 104-89 000054 *003673 54-74 104:82 .| 000054 003675
6647 104-69 *000059 -003282 6646 104-90 *000059 003289
7783 104-99 *000065 002957 7782 104-92 000065 | 002961
8833 103:76 *000069 *002694: 8834 103-69 *000069 002697
9852 10374 000074 002473 9852 103-69 000074 ~002474
109-03 103-70 000079 ‘002270 || 10911 103-71 000079 002272
122-08 103-82 *000086 *002039 ! 122:07 103-75 *000086 *00204:3
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In reducing the observations the value d(0°/4°) = 071883 for the density at
0°, and the expression

V=14 0,118304¢ 4 0,186648¢* + *0,12947¢

for the thermal expansion (THORPE, loc. cit.), have been employed.
Taking
7, = 007000 Ny = 002041 7, (calculated) = 003780
¢, = 0°25 by = 122°°07 t, (from curve) = 51°'98,

i

we obtain
___ lns2
T (14550 + oo

which gives the following calculated values :—

'I].
Mean temp. Difference.
Observed (mean). Calculated.

025 -00700 00700 00000
1218 00594 00596 + 00002
2292 00520 ‘00522 + -00002
3296 00463 00464 + +00001
43-89 00411 00411 +00000
54073 00367 00367 06000
6646 00328 00327 — 00001
7782 00296 00295 — 00001
8833 00269 00269 00000
9852 00247 *00246 — 00001

109:07 00227 00226 — 00001
122:07 *00204 00204 -00000

Trimethyl Ethylene (B-Isoamylene). (CHj,),C:CH.CHs.

Prepared by Dr. PERkIN from the iodide obtained from dimethyl ethyl carbinol.
On distillation, it boiled between 383°7 and 37°9. Bar. 7587 millims. Corrected
and reduced b.p. = 36° 4.

Determination of vapour density :

Found, 35°19. Calculated, 85°00.

Observations for viscosity gave :—
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Left limb. Right limb.

Temp. Press. Corr. 7. Temp. Press. Corr. 7.
0-20 10344 000077 002527 0-20 103-39 000077 002531
5:51 103-£0 *000081 002404 | 542 103-42 -000080 002409

10-21 103-54 *000033 002303 || 1021 10346 -000083 002308

1582 103:55 *000087 002193 | 1582 10348 -000087 -002191

20-00 103-55 000089 002114 | 2005 103-48 -000089 002115

2571 103-69 000092 002015 1 2579 103-62 000092 002017

30-68 103:69 000095 *001930 | 3071 103-60 . -000095 001932

32:57 103-72 -000096 *001904: | 3262 103-63 -000096 001901

|

In reducing the observations we have employed PERKIN'S value d(15°/15°)= 067037
for the relative density, and the expression

V =1+ -0,145871t 4 '0,338435¢* + 0;339536¢°

for the thermal expansion (THORPE and JoNms, loc. cit.).
Taking
7, = 002529 ng = 001903 7, (caleulated) = 002194
¢, = 0°20 t, = 82°59 ty (from curve) = 15°75,
we obtain

28916
= 18T 24 1 gy

which almost exactly reproduces the observed values :—

'I]-
Mean temp. Difference.
Observed (mean). Calculated.
0-20 *002529 002529 -000000
546 *002406 002407 ++000001
1021 ‘002306 002305 —-000001
15-82 002192 002192 ‘000000
2003 002114 -002113 —+000001
2575 002015 002013 —-000002
3069 ‘001931 001932 ++000001
3259 001903 001903 - 000000

Isoprene (Pentine). C;H,.

We are indebted to Dr. TiLpEN for a liberal supply of this hydrocarbon, It was
obtained from turpentine. On distillation the greater part boiled between 855 and
37°0. '

A determination of vapour density gave:

Found, 3573 ; Calculated, 34:00.
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As the hydrocarbon readily absorbs oxygen, which transforms it into a liquid of
syrupy consistence and higher boiling-point, it was carefully redistilled in a current of
dry carbon dioxide. The greater portion boiled regularly between 35°:38 and 36%083.
Bar. 7585 millims.  Corrected and reduced b.p. == 35°76.

The observations for viscosity gave :—

Left limb. Right limb.

Temp. Press. Corr. 7. Temp. Pregs. Corr. 7.

0-36 101-71 000075 002587 034 10173 000075 ‘002591

568 101-37 000078 002456 556 101-40 000078 *0024:62
10-27 101-24 000080 002359 10-27 10118 000080 002356
1531 101-21 000084 002248 15:35 101-16 000083 002250
20-40 101-22 -000087 002145 2042 101-19 -000087 002149
2527 101-21 000089 002060 2524 101.16 000089 002060
2895 101-21 000092 001993 2894, 10114 ‘000091 | -001998
3202 101-22 000093 001944 3203 101-15 000093 001945

2993 129-98 000117 ‘001984 29-94: 129-90 000117 001986

As isoprene is one of the least viscous of the liquids examined by us, it presented
an excellent means of determining whether different velocities of flow in our apparatus
led to identical values for the viscosity. For if with this substance concordant values
of n were thus obtained, it would be indicated (1) that, even for the highest velocities
we have employed, the character of the motion is still linear ; and (2) that the mode
of correcting for kinetic energy is valid. The observations made in the neighbour-
hood of 30° under the different pressures of 101°22 and 129°94 centims. show that the
values of % thus obtained are identical.*

In reducing the observations of viscosity we have employed for the density at 0°
the value 0'6912, and for the thermal expansion the expression

V=14 0,14608¢ + 0997988 4 0,560153

(Tmorrr and Joxgs, loc. cit.).
Taking
7, = 002589, ns = 001944, 7, (caleulated) = "002244
= 0785 3 = 82902 t, (from curve) = 15°40,

we obtain the formula
33801
M (14401 4 gy’

which gives results in very good agreement with the observed values.

* This fact is even more clearly established in the case of ether—also a very mobile liquid—where
two independent samples, measured under similar wide variations of pressure, afforded perfectly
concordant values of 4 (see pp. 519-520).
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. .
Mean temp. Difference.
Observed (mean). Calculated.
035 002589 002592 + '000003
562 *0024:59 002461 + +000002
10-27 002358 ‘002355 — 000003
15-33 002249 *002248 — 000001
20-41 002147 *0021483 + 000001
2525 002060 -002060 000000
2894 *001996 001997 + 000001
3202 *001944. 001946 4+ 000002
2993 *001985 001980 — 000005
Diallyl (Hexine). CH,:CH.(CH,),.CH:CH,.

468

Prepared for us by Mr. H. GriME, Assoc. R.C.S., by the action of sodium on allyl
iodide. = Portions of about 100 grams of the pure iodide were placed with about half

their weight of sodium in a flask attached to a reflux condenser.

Two drops of

absolute alcohol were added and the contents of the flask maintained at 80° for
1% hours in a water bath, and after standing for from 12 to 24 hours the diallyl was
distilled off and subsequently rectified.

The sample was allowed to stand over sodium until required for our observations.
On distillation, it boiled hetween 59°'8 and 60°'2, by far the greater portion coming-

over between 59°45 and 59°56.

boiling between 59°:38 and 59°43 was employed for the observations.

760'1 millims.

Determination of vapour density :

Corrected and reduced b.p. = 59°4.

Calculated, 41-0.

Found, 407
The observations for viscosity gave the following results :—
Left limb. Right limb.

Temp. Press. - Corr. 7. * Temp. Press. Corr. 7.

0-38 103:25 ‘000061 003372 037 103-19 000061 003377
595 10315 000064 ‘003165 595 10311 000064 003172
10-75 103-10 000066 ‘003010 10-82 103-04 000067 003011
15-44 102-99 000069 -002866 1549 102:97 -000069 002867
2076 102:94 000072 002713 2076 102-89 000072 002726
2549 102-91 000075 002597 2543 102-84 000075 -002600
30-70 102-89 000078 002473 3071 102-82 000078 002474
36-07 103:07 000081 002351 3606 105-04 000081 002358
42:02 102-60 000085 002226 41-96 102-54 000084 *002232
4677 102-56 000087 002135 4675 102:50 000087 002140
51-55 10250 000090 *00204:4 5153 102-44 000090 002049
56-21 102-43 000093 001965 5619 10237 000093 ‘001968

This fraction was redistilled and the portion
Bar.
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In reducing the observations we have adopted the value d (0°/0°) = 07074 for the
relative density, and the expression

V =1+ 0:0,13423¢ + 00,34339¢> -+ 0°0,38693¢
for the thermal expansion (ZANDER. ¢ Annalen.,’ 214, 148).
Taking
7, = ‘003374 N3 = ‘001966 7, (calculated) = 002576
t, = 0°37, ty = 56°:20, ty (from curve) = 26°'34,

we obtain the formula
72:193
= A7501 1 gy

vhich gives results in good agreement with those obtained by observation.

')7-
Mean temp. Difference.
Observed (mean). Calculated.
037 003374 ‘003374 ‘000000
595 003169 ‘003174 -+ 000005
1078 003010 003014 <+ 000004
1546 002866 002871 4 000005
20°76 ‘002719 1002721 -+ 000002
2546 1002599 002595 — 000004
3071 1002474 002470 — +000004
3606 002355 002349 — +000006
41-99 002229 002226 — 000003
4676 002137 002133 — 000004
5154 002047 002046 - 000001
5620 ‘001966 001966 000000
lopIpEs.

Methyl Todide. CH,L.

A quantity of “pure” methyl iodide, after standing for some days over phosphoric
oxide, was shaken with “molecular ”silver and distilled. It boiled between 42°:36
and 42°40. Bar. 7462 millims. Corrected and reduced b.p. = 42°'91.

Vapour density :

Found, 70°49. Calculated, 70°75.

The liquid was quite colourless and remained so throughout the observations.
Observations for viscosity :—
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Left limb. Right limb.

Temp. Press. Corr. 9. Temp. Press. Corr. 7.

0-43 101-02 000111 005905 0-42 100-81 000111 005923
6-06 100-89 000117 *005568 6:06 100-68 000117 005582
604 100-86 000117 ‘005572 608 10065 ‘000117 *005580
1054 100-82 000121 005326 10°53 100-57 000121 005335
1585 100-77 000127 005057 15-78 10554 000127 005071
21-37 100:75 000132 004808 21-37 100°53 000132 -004813
27-18 100-70 ‘000138 004562 27-26 100-49 000138 004567
3341 100-63 000144 004316 33-36 100-40 ‘000144 004330
3995 100-56 -000159 -004089 39-97 100-28 000150 ‘004092

In reducing the observations we have employed the value d (0°/0°) = 23346 for
the relative density, and the expression

V=14 0,1144¢ 4+ '0,40465¢> — "0,27393¢63

for the thermal expansion (DOBRINER, ¢ Annalen,” 243, 23).

Taking :
M= 005914 7, = 004090 =, (calculated) = 004918
= 0242 ty = 39°°96 t, (from curve) = 18%92,

we obtain the formula
66t
ne = (13432 + £)lusm

which almost exactly expresses the observed values.

')].
Mean. temp. Differcence.
Observed (mean). Calculated.

042 ‘005914 1005914 ‘000000
6:06 ‘005576 ‘005576 000000
1053 ‘005330 ‘005332 + 000002
1581 ‘005064 ‘005065 + 000001
21-37 004810 004808 — 000002
27:22 1004564 004560 - 000004
3338 1004323 004322 — 000001
39:96 004090 004090 ‘000000

MDCCCXCIV.—A., 30
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Ethyl Todide. CH,.CILL

A quantity of ethyl iodide, made for us by Mr. A. GREEVES, was dried over
calcium chloride, and finally over phosphoric oxide. On distilling, it boiled between
72°:38 and 72°:44, Bar. 756'2 millims. Corrected and reduced b.p. = 72°57.

The sample was quite colourless and remained so throughout the observations.

Vapour density :

Found, 77°39. Calculated, 77:77.

Observations of viscosity :

Left limb. Right limb.

Temp. | Press. Corr. 7. Temp. Press. Corr. 7.

0-27 101-53 *000079 007164 0-30 101-31 000079 007171

770 101-63 000085 006601 7.70 101-40 ‘000085 006610
13-19 101-69 000089 006231 13-18 101-46 000089 006240
20-83 101-84 -000096 005778 20177 101-60 000096 005787
26-08 101-85 000100 005494 26'10 10164 ‘000100 *005499
3296 101-89 ‘000105 005150 3299 101-64 000105 005153
3874 101-92 ‘000110 004888 3874 10174 ‘000110 004896
4527 101-24 000114 004619 4522 101-08 000114 004623
51-:39 101-08 000119 004383 5140 100-94 000119 004390
57-51 101-07 *000124 004168 5751 100-88 000124 004166
6376 100-98 ‘000129 003963 6369 100-82 ‘000129 ‘003969
6935 100-93 000134 1003790 6942 10075 000134 003794

In reducing the observations we have used the value d(0°/0°) = 1°9795 for the
relative density, and the expression

V =1 4 '0,11520¢ + "0,26032¢* 4 *0,14181¢
for the thermal expansion (DOBRINER, loc. cit.).
Taking
p = 007167 7, = 008792 =, (calculated) = 005213
t, = 0°28 ty = 69738 ty (from curve) = 31°70,

i
Il

we obtaln

which gives results in good agreement with the observed values.
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7.
Mean temp. Difference.
Observed (mean). Calculated.
0-28 ‘007167 007167 000000
770 006605 ‘006613 + 000008
13-18 006235 006245 + 000010
20-80 005782 005785 + 000003
2609 005496 005497 + 000001
3298 005151 ‘005152 + 000001
3874 004891 004890 — 000001
4524 004621 ‘004619 — 000002
5139 004387 004383 — 000004
57-51 004168 004167 — +000001
63-72 003966 *003964: — 000002
6938 ‘003792 003792 000000

Propyl Iodide. CH, CH,CH,I.

A quantity of this liquid, obtained from KAmLBAUM, after drying over phosphoric
oxide, was carefully fractionated, and the greater portion was eventually found to
boil between 102°°84 and 102°:44. Bar. 756'5 millims.  Corrected and reduced
b.p. = 102°:23,

Vapour density :

Found, 84-17. Calculated, 84'77.

The liquid remained quite colourless during the observations for viscosity. These
gave i—

Left limb. Right limb.

Temp. Press. Corr. 7. Temp. Press. Corr. 7.
031 101-17 *000055 -009327 030 100-99 000055 ‘009345

10-95 101-17 000062 ‘008165 11-01 100-99 ‘000062 008173
2082 101-17 000068 *007294 2080 101-01 000068 007306
28-33 101-19 000073 006728 2830 101-01 000073 006738
3883 10115 000081 *00604:4: 3883 101-01 -000081 006054
46°16 10075 000085 005631 4618 100-62 000085 | ‘005639
5559 100-82 -000092 005159 5560 100-64 000092 ‘005166
6545 100-93 *000099 *004.739 6548 100-73 -000099 ‘004742
74-39 101-00 -000105 004390 74:37 100-81 000105 -004396
8386 101-11 000112 ‘004065 84-01 100-90 ‘000112 *004066
90-78 101-32 ‘000118 003842 9079 101-13 000118 003847
98-87 101-38 000123 003626 L 9892 101-18 000123 003616
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In reducing the observations we have adopted d (0°/0°) = 17829 for the relative
density, and the expression

for the thermal expansion (DoBRINER, loc. cit.).
Taking

f

7 = ‘009336 75y = 003621 7, (caleulated) = 005814
t, = 0730 3y = 9889 t, (from curve) = 4296,

we obtain
50-893

T (13684 I

which gives results in good agreement with those obtained by observation.

’I].
Mean temp. Difference.
Observed (mean). Calculated.

0:30 100934 - +00934 00000
10-98 ‘00817 ‘00819 + 00002
2081 00730 ‘00732 + 00002
2831 ‘00673 00674 + 00001
3883 ‘00605 100605 00000
4617 ‘00564, 100564 00000
5559 ‘00516 ‘00516 ‘00000

- 6546 00474 00473 — 00001
7438 00439 ‘00439 00000
83-88 00406 ‘00406 00000
9078 00384 ‘00385 + 00001
9889 00362 00362 00000

Isopropyl Todide. (CH,),CHI.

A quantity of isopropyl iodide, obtained from KawrBAUM, was placed for some
days over phosphoric oxide, and after decantation shaken with “molecular ” silver to
remove free iodine. [t was then fractionated, when the main portion was found to
boil between 89°:40 and 89°:58. Bar. 7535 millims. Corrected and reduced
b.p. = 89°'7. ‘

No valid determination of vapour density could be obtained, or indeed expected,
owing to the rapidity with which the iodide changes on exposure to heat and light.

The observations for viscosity gave :—
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Left limb. Right limb.

Temp. Press. Corr. 3. Temp. Press. Corr. 7.

0-28 101-55 000057 008747 0-32 101-38 ‘000057 -008752

922 101-54 |  -000063 007814 915 101-35 000063 007824
1591 101-52 ‘000068 ‘007216 1594 101-35 000068 *007229
23-36 101-32 *000073 +00664:2 23-50 101-15 000073 006637
3271 99-88 000079 006004 32-67 99-71 000079 ‘006019
4063 101-70 000086 005548 40:71 101-52 *000086 005549
49-49 101-64 000092 005090 49-38 101-46 000092 *005099
57°07 101-73 -000098 004746 56-95 101-56 000097 004753
6667 101-75 ‘000105 ‘004356 64-22 10158 000103 004455
71:39 101-76 -000108 ‘004194 71-59 10158 ‘00018 ‘004175
80-57 101-79 000115 003864 8033 101-62 ‘00)115 003887
8867 101-78 000122 -003607 8877 101-62 000122 003605

The liquid was quite colourless to begin with, but in the course of the observations
it became tinted, and at the close was of the colour of pale sherry.

In reducing the observations we have employed the value d (0°/0°) = 17440 for
the relative density, and the relative volumes given by F. D. Browx (‘Roy. Soc.
Proc.,” 86, 245) for the thermal expansion.

Taking
n = 008749 7y = "003606 7, (calculated) = ‘005617
&, = 0°:30 t, = 8872 t, (from curve) = 39°°42,

we obtain

o 129-85
N == (150-03 + t)l'é)lﬁl ’

which gives values in good agreement with those obtained by observation.

’)].
Mean temp. Difference.
‘ Observed (mean). Calculated.

0-30 00875 00875 00000
918 00782 00784 + 00002
1592 00722 00724 + 00002
2343 00664 00665 + 00001 .
32:69 - +00601 ‘00602 + 00001
40-67 ‘00555 00555 00000
4943 00509 00509 *00000
57-01 00475 ‘00474 — 00001
6544 00440 00439 — +00001
71-49 ‘00418 *00416 — +00002
8045 00388 00386 — +00002
8872 00361 00361 00000
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Isobutyl Todude. (CH,),CH.CH,L

About 500 cub. centims. of isobutyl iodide, boiling between 119° and 121° were
fractionated. The greater portion boiled between 120° and 120°5. This was shaken
with mercury, to remove any free iodine, decanted, and treated with phosphoric oxide,
and the portion boiling at 119°75 and 119°°95 collected separately. Bar. 762:0 millims.
Corrected and reduced b.p. = 119°94.

The iodide was re-distilled under diminished pressure before being introduced into
the glischrometer. The portion collected came over, without actual boiling, between
57° and 71° under a pressure of from 85 to 141 millims.

The observations for viscosity gave :—

Left limb. Right limb.

Temp. Press. Corr. 7. Temp. Press. Corr. 7.

045 100-22 000040 ‘011534 045 10008 000040 011544
11-23 100-66 000047 009784
22-46 100-59 *000054 *008430 22-43 100-48 000054 008441
3384 10056 000061 007385
44-54 100-58 *000067 006578 44-59 100-42 000067 ‘006577
54-68 10052 000074 005933 54:63 100-36 ‘000073 00593
6517 10053 000080 005364 6506 100-36 000080 005371
7731 10056 000088 004801 7735 10040 -000088 004805
8692 10055 000095 004416 8674 10037 000094 004427
9784 100-61 *000102 004032
109-20 100-57 000109 003683 109-20 100-46 000109 003687
116-04 10054 000114 ‘003493 || 116-09 100-39 000114 003486

The liquid at the outset was perfectly colourless, but in the course of the work it
gradually became yellow and ultimately dark red at the higher temperatures. It
remained, however, transparent to the end.

In reducing the observations, we employed the value d (0°/0°) == 1'6345 for the
relative density, and the numbers given by Pierre and Pucmor (¢ Ann. de Chim. et
de Phys.,” 4, 22, 318) as expressing the thermal expansion,

Taking
1 == 011539 7y = 003489 7, (calculated) = 006345
= 046 ty = 116°°05 £y (from curve) = 47°:95,
we obtain

27652

N = (10886 + ¢)1'6577 ’

which gives the following calculated values :—
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e
Mean temp. Difference.
Observed (mean). Calculated.

045 01154 "01154 -00000
11-23 00978 -00987 + 00009
2244 -00844 -00852 + +00008
3384 00739 00742 + 00003
44:56 00658 00658 00000
54065 *00593 00592 — 00001
6511 *00536 00534 — +00002
7733 -00480 00477 — 00003
8683 "00442 00440 — +00002
97-84 -00403 ‘00402 — 00001

109-20 -00368 00367 — 00001
116:07 -00349 -00349 -00000

Allyl Iodide. COH,:CH.CH,L

A quantity of allyl iodide, made by the method of TorrENs and HENNINGER
(‘ Annalen,” 156, 134), which boiled between 102°5 and 103°-0, was shaken with a
small quantity of mercury and distilled ; the greater portion was found to boil
between 102°°05 and 102%55. Bar. 7477 millims. Corrected and reduced
b.p. = 102°79. The distillate was next treated with “molecular” silver and re-
distilled under diminished pressure (circa 190 millims.) immediately before its
introduction into the glischrometer.

The observations for viscosity gave :—

Left limb. Right limb.

Temp. Press. Corr. . Temp. Press. Corr. 7.

0-34 10261 000059 009253 0-32 102:37 000059 009262

9'36 10264 *000065 -008239 9-31 102-45 -000065 ‘008266
16-82 102-61 000071 *007530 16-73 102-41 -000070 ‘007548
26°16 102-65 ‘000078 006782 || 26-08 102-45 000077 006798
3576 102-66 000085 006132 3578 102-48 -000085 006139
44-16 10217 -000090 ‘005647 44020 101-98 000091 0056438
5517 102-11 000099 005093 5515 101-93 *000099 005101
6343 102-09 ‘000104 004773 6345 10191 *000104: *004.742
7116 102:14 ‘000111 004436 7113 10193 ‘000111 ‘004435
81-31 102-22 ‘000118 ‘004113 8128 | 10203 000118 004083
91-83 102-24 000127 003750 91-90 102-04 000127 003748
9845 102-26 000131 003584

In reducing the observations, we employed the value d(07/0°) = 18696 for the
relative density, and the expression
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V=144 00,10539¢ 4 0°0,63572¢* 4 0°0,10036¢3
given by ZANDER (‘ Annalen,’ 214, 146) for the thermal expansion.
Taking
pe = 009257 7, = 003749 1, (caleulated) = 005891
t = 033 t; = 91°°86 t, (from curve) = 89*90,

Il

we oblain the formula
2 S
T (126:05 + e

which affords the following calculated values :—

’)].
Mean temp. Difference.
Observed (mean). Calculated.
033 00926 ‘00926 *00000
9:33 ‘00825 ‘00826 + 00001
16:77 ‘00754 ‘00756 + 00002
2612 ‘00678 ‘00680 + +00001
3577 ‘00614 00614 ‘00000
44-18 ‘00565 ‘00565 00000
5516 ‘00510 *00509 — 00001
6344 ‘00476 ‘00473 — 00003
7114 ‘00443 00443 00000
81-29 ‘00410 ‘00407 — 00003
91-86 ‘00375 *00375 00000
9845 00358 ‘00357 — 00001
Bromipzs.

Ethyl Bromade. CHg CH,Br.

A sample made by the action of bromine and phosphorus on alcohol, after drying
over phosphoric oxide and rectifying, boiled between 3823 and 38>58. Bar. 7649
millims. Corrected and reduced b.p. = 3822,

Vapour density :

Found, 54-56. Calculated, 54°5,

Observations for viscosity :—
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Left limb. Right limb.

Temp. Press. Corr. 9% Temp. Press. Corr. 7

0-34 102-38 000086 004755 0-34 102-22 -000086 004764
521 101-46 -000089 004517 516 101-31 000089 004533
9-68 10139 000092 004320 966 101-30 000092 ‘004334
15-47 101-37 -000097 004085 1545 101-21 000097 -004090
2054 101-35 000100 *003900 2054 101-21 000100 ‘003906
2530 101-31 -000104: 003728 2526 10117 000104 003740
3007 101-33 *000108 -003577 30-00 10117 000107 ‘003585
36-20 101-35 *000112 -003391 3609 101-20 000112 003397

In reducing the observations the value (0°/0°) = 1°4733 for the relative density,
and the expression
V =1+ 0,18376¢ + 0,15013¢* 4+ 0,169¢

for the thermal expansion (PIERRE, ¢ Annales de Chim. et de Phys.,” 3, vol. 15, 369),
have been adopted.

Taking
7, = 004759 7y = '003394 7, (calculated) = 004019
t, = 0°34 ty = 86°15 ty (from curve) = 1722,
we obtain the formula
6-:8898

= (13865 + fyran’

which almost exactly reproduces the observed values.

7.
Mean temp. Difference.
Observed (mean). Calculated.

0-34 ‘004759 004759 000000
518 004525 ‘004525 -000000
9-67 004327 ‘004324 — 000003
1546 004087 *004087 000000
2054 003903 003896 — 000007
2528 003734 003731 — 000003
3003 003581 003577 — 000004
36°15 003394 *003394 000000

MDCCCXCIV.——A, | 3r
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Propyl Bromide. CH,.CH,.CH,Br.

A quantity of this substance, obtained from KanrnBavwm, after standing over phos-
phoric oxide, boiled between 70°76 and 70%93. Bar. 7546 millims. Corrected and
reduced b.p. = 71°07.

Vapour density :

Found, 60-79. Calculated, 61°38.

Observations for viscosity :—

Left limb. Right limb.

Temp. Press. Corr. 7. Temp. Press. Core. 7.

0-46 100°50 000059 *006408 043 100-41 000059 ‘006419

785 100-43 000064 -005878 787 100-31 000064 ‘005890
1367 100-39 -000068 005513 1365 100-27 000067 005534
19-19 10030 030071 005199 19-15 100-19 000071 005219
2546 100-21 000075 ‘004896 || 2543 100-07 000075 *004910
3190 100°19 000079 004580 31-87 100-07 *000079 004595
3862 10014 -000083 00429 4 3859 100-01 000083 -004307
4566 100-12 *000088 ‘004027 4565 9999 -000088 004036
5111 100-30 000092 003835 5091 100-16 000091 003852
5734 100-31 000096 003629 || 5741 100-17 000096 003638
6199 100-41 000099 ‘003491 | 6198 10025 000099 -003499
67-84 100-43 000103 003324 | 6788 100-28 000103 -003333

In reducing the observations the value 1'3835 for the relative density at 0°, and

the expression
V =1+ 0,12289¢ + ‘0,56696¢> + 0,1369

for the thermal expansion (ZANDER, ¢ Annalen,” 214, 159), have been adopted.
Taking
n, = 006414  m3="003328 7, (calculated) = 004620
¢, = 045 t, = 67°'86 t, (from curve) = 31°14,

we obtain the formula
. 66713
= (155775 +

which gives results in good agreement with the observed values.
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’)/.
Mean temp. - Difference.
Observed (mean). Calculated.

0-45 006414 006414 *00C000
7:86 005884 005893 + 000009
1366 005523 *005529 4- 000006
1917 005209 ‘005215 + 000006
2544 *004903 004890 — +000013
31-88 *004:588 004587 — 000001
3860 004300 ‘004301 + 000001
45-64 004032 *004030 — 000002
51-01 003844 003841 — 000003
57-37 003633 -003634 + 000001
61-98 *003495 *003495 000000
6786 003328 ‘003328 *000000

Isopropyl Bromade. (CH,),CHBr. -

Obtained from Kanreaum. After drying over phospheric oxide, the liquid boiled
between 59°26 and 59°'30.  Bar. 7484 millims. Corrected and reduced b.p. = 59°73.
Vapour density :
Found, 61-28. Calculated, 61-38.

The observations for viscosity were :—

Left limb. Right Limb.

Temp. Press. Corr. 7. Temp. Press. Corr. 7.

031 101-10 000061 006013 035 100-91 000061 006029

513 100-95 000065 ‘005683 511 100-84 000064 005694
10'16 10075 000068 005363 10-13 100-64 000068 005379
15-30 100-61 000071 005061 15-30 10050 000071 -+005075
20-32 100-60 *000074 ‘004796 20-24 10045 000074 "004811
2550 10056 000078 004543 2543 10043 000078 *004558
3000 10056 *000081 *004337 29-91 100-45 -000081 004350
3596 100-39 *000085 004087 3584 100-33 000085 *004104
4119 100-21 *0000&9 003886 41-16 100-15 -000088 *003902
46°34 . 99:91 000092 003698 46-39 99-79 ‘000092 003709
50-89 99-71 000095 003550 5093 9959 -000095 003558
56-80 9950 000099 003366 5673 99-45 000099 | 003376

In reducing the observations, the value 1:3897 for the relative density at 0° and

the expression ‘
V =1 4 0,12494¢ + ‘018871 4 ‘0,6365%,

for the thermal expansion (ZANDER, ¢ Annalen,” 214, 161), have been adopted.
3P2
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Taking
7, = "006021 ng = '008371 7, (calculated) = 004505
t, = 033 ty = 56°76 t, (from curve) = 26°52,

we obtain the formula
18808
= (16903 + fpois”

which gives values in good agreement with those obtained by observation.

/l/.
Mean temp. Difference.
Observed (mean). Calculated.

033 ‘006021 - 006021 ‘000000
512 ‘005688 ‘005691 + 000003
10°14 ‘005371 005374 + 000003
1530 +005068 ‘005076 + 000008
2028 004803 ‘004810 -+ -000007
2546 004551 ‘004555 -+ 000004
29-94 004343 004350 <+ 000007
3590 004095 004099 -+ 000004
41-17 003894 ‘003894 *000000
46-36 1003704 003707 + 000003
5091 ‘003555 ‘003554 — 000001
5676 ‘003371 ‘003371 ‘000000

Isobutyl Bromide. (CH;),CH.CH,Br.

After drying with phosphoric oxide, the liquid boiled between 91°°80 and 90°:96.
Bar. 7638 millims. Corrected and reduced b.p. = 91°7.

Vapour density :
Found, 67-24. Calculated, 6850.

Observations for viscosity :—

Left limb. Right limb.

Temp. Press. Corr. 7. Temp. = Press. Corr. 7.

0-33 10032 000042 -008190 0-36 100-19 *00004:2 -008203

7:39 100-29 -000046 007447 742 100-18 000046 007459
1611 100-26 000050 006679 16-05 100-13 000050 -006692
23:70 100-22 000055 ‘006103 2372 100-12 000055 006121
3218 100-81 -000060 ‘005551 3216 100-69 000060 005564
4033 100-67 000064 *005094 40-35 100-49 000064 005105
4842 100-72 *000069 004692 4836 100-57 000069 004703
56-11 99-94 *000073 *004:348 56-18 99-83 000073 004355
64-16 99-96 -000078 004035 64-18 99-82 000078 *004039
72:59 100-14 000083 003724 72:55 100-02 000083 003735
8016 10019 -000088 003480 80-21 100-06 *000088 -0034.89
8792 10018 000093 003225 8794 100-05 000093 -003233
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In reducing the observations, the value of 1-249 for the density at 0°, and the
volumes given by PiErrE and Pucnmor (* Annales de Chim. et de Phys. (4), 22, 814)
for the thermal expansion, have been made use of.

Taking

‘008196 75 = 003229 7, (calculated) = 005145
0°34 ty = 87993 t, (from curve) = 39°°42,

m
2

Il

we obtain the expression
472:23

L0

W= {62 + e

which gives the following calculated values :—

’Il-
Mean temp. Difference.
Observed (mean). Calculated.

0-34 -00820 00820 00000

740 00745 00747 + 00002
16-08 ‘00669 00671 + 00002
2371 ‘00611 ‘00613 + 00002
32:17 00556 00557 + +00001
40-34 *00510 00509 — 00001
4839 *004.70 00468 — -00002
5614 00435 00433 — 00002
64-17 ‘00404 00401 — 00003
72:57 00373 00370 — 00003
80-18 00348 ‘00346 — 00002
8793 ‘00323 00323 *00000

Allyl Bromide. CH,:CH.CH,Br.

Prepared by Mr. J. G. SaLtMarsH, Assoc. R.C.S., by GrosHEINTZ'Ss method (‘Bulletin
de la Soc. Chim. de Paris,’ 30, 98). After drying and distillation the liquid boiled
between 69°58 and 70°'28, Bar. 745°7 millims. Corrected and reduced b.p. = 70°5.

Vapour density :

Found, I. 59:40; II. 5911 ; Calculated, 60°40.
The mercury in both cases was found to be slightly attacked by the vapour of the

allyl bromide.
The observations for viscosity gave :-—
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Left limb. Right limb.

Temp. 1 Press. Corr. 7. Temp. Press. Corr. 7
0-30 101-12 000068 006162 | 030 10093 *000068 006174
660 101-18 000073 005734 669 101-01 000073 005727

1242 101-24 000077 005367 1242 101-05 000077 ‘005376
1836 101-26 000081 005040 18:33 101-11 -000081 005054

|
{
24-72 i 101-50 000086 004721 24:75 101-34 000086 004733
|
|
|
|

30-87 101-66 000091 ‘004444 30-81 101-50 000091 004453
3722 101-77 000095 ‘004207 3722 101-61 000095 ‘004190
42-87 101-80 000099 003996 4281 101-64 000099 *003980
47-88 100-61 000102 003803 47-85 100-49 000102 003807
54-46 100-36 000107 003589 54-65 100-27 000107 ‘003586
6112 10016 000111 1003403 61-18 100-03 000111 003401

003192 68-67 99-83 000117 *003195

6867 99-97 000117

In reducing the observations the value d (0°/0°) = 1-4593 for the relative density,
and the expression

V =1+ 0,12275¢ — *0,44365¢* 4 -0,258431°

for the thermal expansion, were used (ZANDER, ¢ Annalen,” 214, 145).
Taking

I

m = 006168 7y =-003193  , (calculated) = 004438
t, = 0230 t, = 68°67 t, (from curve) = 31°:20,
we obtain the formula
30:360
M= s
(14503 + ()07

which gives values in good agreement with those obtained by observation.

II.
Mean temp. Difference.
Observed (mean). Calculated.

030 006168 ‘006168 ‘000000
664 ‘005730 ‘005735 + 000005
12-42 ‘005372 ‘005380 -+ 000008
1834 *005046 ‘005051 + 000005
24-78 1004727 ‘004731 + 000004
3084 004449 004454 -+ 000005
3722 ‘004198 1004191 ~ 000007
49+84, ‘003988 -003979 — +000009
47-86 ‘003805 003804 — 000001
54-55 ‘003587 ‘003589 -+ 000002
6115 003402 ‘003395 — +000007
6867 003193 003193 *000000
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Ethylene Bromide. CH,Br.CH,Br.

A considerable quantity of ethylene dibromide was dried over phosphoric oxide and
frozen. By repeated freezing and partial liquefaction a fraction was eventually
obtained which melted constantly at 9°:25. This was again dried over phosphoric
oxide and distilled; it boiled between 130°°28 and 130°:60. Bar. 761'2 millims.
Corrected and reduced b.p. == 130°-39.

Vapour density :

Found, 9307 Calculated, 9374,

Observations for viscosity :—

Left limb. ‘ Right limb. ~
— ! —
Temp. Press. Corr. 7. ! Temp. Press. Corr. 7.
9-48 130-07 *000038 020511 | 951 129-45 *000038 020543

2066 129-73 000046 016964 | 2061 129-62 000046 ‘017005
31-27 130-51 000053 ‘014440 | 31°16 13036 000053 ‘014463
41-64 13003 000061 ‘012508 | 41-64 129-95 000061 012529
5193 129-65 000068 010980 5169 129-46 -000068 ‘011006
62-97 129-01 000076 ‘009655 6278 128-84 -000076 009685
7344 129-71 000085 008623 7353 12949 000085 008624
8595 12956 000094 007607 | 8580 129-42 000094 ‘007632
9586 129-46 000102 006939 | 9577 129-26 000102 006940
10574 129-38 ‘000110 006336 10568 129-17 000110 006342
117-08 129-45 ‘000119 005769 116:75 129-25 000119 005782
126-71 129-51 000127 ‘005323 12672 129-29 000127 005321

In reducing the observations the value 2:2132 for the density at 0° and the

expression
V=14 0952845t 4+ 04683455¢> 4 04394713

for the thermal expansion, were adopted (THORPE, loc. cit.).
Taking
7, = 020527 73 = 005322 7, (calculated) == *010452

4, = 9°49 tg == 12671 ty (from curve) = 56°08,

we obtain the formula
= (80°802 - ¢)roee?

which gives the following calculated values :—
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1
). ¥
Mean temp. ‘ Difference.
Observed (mean). Calculated.

949 ‘02053 102053 00000
2063 i ‘01698 ‘01699 4 00001
31:21 01445 01447 + +00002
4164 ‘01252 ‘01252 00000
5181 01099 ‘01100 + 00001
62:87 00967 ‘00966 — 00001
7348 ‘00862 00861 — +00001
8597 ‘00762 ‘00759 — 00003
9581 ‘00694 ‘00691 — 00003

10571 00634 00633 — 00001
117:01 00577 ‘00575 — 00002
126:71 00532 00532 00000

Propylene Bromide. CH, CH Br.CH,Br.

Prepared by Karnrsaum. After drying over phosphoric oxide the liquid boiled
between140%90 and 141°17. Bar. 7539 millims. Corrected and reduced b.p.=141"35.
Vapour density :
Found 1007, Calculated 100°76.

Observations for viscosity :—

Left limb. Right limb.
Temp. Press. Corr. 7. Temp. Press. Corr. 7.
0-37 129:56 *000031 -022838 035 129-39 000031 *022856

12-91 13046 000040 ‘018147 1291 13024 000040 018166
2527 13044 000046 *014937 2527 130-23 000046 014937
3800 13047 000054 ‘012472 3804 130-27 000054 *012469
5018 130-00 000062 *010703 4999 129-79 000062 010732
63-20 130-12 000072 009185 6319 129-89 000072 009183
7647 130-06 000081 007974 76°45 129-90 000081 ‘007966
89-46 130-10 000090 007045 88-80 129-89 000090 007044
101-16 130-13 000100 006287 101-20 12996 000100 006281
11361 130-15 000109 005636 113-81 129-99 000109 005624
12797 130-12 000121 ‘005010 127-98 129-92 000121 005010
136-62 130-08 000127 004687 136:72 129-92 000127 004681

In reducing the observations, the value 1-9617 for the relative density at 0° and

the expression
V =1 4 0,91672¢ + ‘0,12277# + ‘0,12010¢

for the thermal expansion (ZANDER, ¢ Annalen,’ 214, 175), were adopted.
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Taking
7, = ‘022847 N3 = 004684 7, (calculated) = *010345
&, = 036 t; = 136767 t, (from curve) = 5298,

we obtain the formula
48803

= (88757 + )T

which gives the following values :—

Yi
Mean temp. Difference.
Observed (mean). Calculated.

0-36 "02285 02285 *00000
1291 ‘01816 01824 + 00008
2527 -01494 01499 + 00005
38-02 -01247 *01249 + 00002
5008 01072 01072 -00000
6319 *00918 -00919 + 00001
76-46 00797 00796 — 00001
8913 *00704. 00702 — +00002

101-18 *00628 *00628 *00000
113-71 ‘00565 -00563 — 00002
12797 00501 00501 -00000
136'67 00468 "00468 00000

Isobutylene Bromade. (CH,),CBr.CH,Br.

A quantity of this substance, procured from KaurLBAUM, was placed over phos-
phoric oxide for some days and then distilled. It boiled completely between 14885
and 149%60. Bar. 752'5 millims. Corrected and reduced b.p. = 149°6.

Before introducing it into the glischrometer, it was again distilled under reduced
pressure, and the portion coming over between the pressures 77 and 91 millims. was
employed for the experiments.

The observations for viscosity were as follows :—

Left limb. Right limb.
|
Temp. Press. Corr. 7 l Temp. Press. Corr. 7

13-67 130-52 000026 024558 0-39 130-25 -000020 ‘032903
40-80 129-97 000041 ‘015278 2694 129-83 -000033 019163
6690 129-84 *000057 ‘010648 53-18 129-73 *000049 012741
80-64 12963 000066 009027 8056 12953 000066 009032
93-67 129-57 000076 ‘007809 9360 129-40 000075 007821
10715 13052 000086 006808 | 107-16 13037 000086 006803
12172 13057 *000097 ‘005933 | 12176 130-38 000097 1005923
133-75 130°59 000106 005321 || 133-76 130-42 000106 005322
14246 13059 000113 004946 || 142-42 130-41 ‘000112 -004936
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In reducing the observations we employed the value d (15°/15°) = 174843 given by
Pergin (‘ Chem. Soc. Trans., 45, 525) for the relative density, and the expression

V=1 4 ‘0,95566t + *0,31753¢% 4 ‘045008212

for the thermal expansion (THORPE and L. M. Jongs, loc. cit.).

Taking '
7, = 032903 Ny = '004941 7, (calculated) = 012750
1, = 0°39 t, = 142°44 ty (from curve) = 5312,
we obtain
79485

which gives the following calculated values :-—

’)].
Mean temp. Difference.
Observed (mean). Calculated.

0:39 ‘03290 03290 00000
13+67 02456 ‘02463 + 00007
2694 ‘01916 01919 + +00003
40-80 ‘01528 01528 00000
5318 ‘01274 ‘01274 *00000
66-90 - 01065 ‘01062 — +00003
80-60 00903 00900 — 00003
93-63 00781 00779 — 00002

107-15 00680 00679 — 00001
12174 00593 00591 — 00002
133-75 00532 00532 00000
142-44 00494 *00494 00000

dcetylene Bromide. (Symmetrical Dibromethylene.) (CHBr:CHBr.)

Prepared by Dr. Primpron, to whom our thanks are due for the specimen. The
liquid boiled between 108%9 and 109>7. Bar. 757'8 millims. Corrected and reduced
b.p. = 1094,

Vapour density :

Found, 92-04. Calculated, 92-77.

Observations for viscosity :—
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Left limb. Right limb.

Temp. Press. Corr. 7. Temp. Press. Corr. 7.

0-84 12899 -000070 ‘012163 0-88 128-73 *000070 ‘012171
11-02 129-07 000078 010693 10-88 12876 -000078 '010701
19-94 129-07 000086 009592 19-93 12884, -000086 009603
30'15 12917 000096 008579 3013 12893 000096 008594
3945 12922 ‘000104 007812 39-53 12896 000104 007820
47-80 129-19 000111 007222 4781 12899 000111 007224
58:00 12925 ‘000120 006588 5792 129-00 *000120 006595
67-21 12926 ‘000128 006099 67-17 129-02 000128 -006102
7665 12937 ‘000137 005651 7679 129-10 000136 005650
8595 12937 000145 ‘005249 8595 129-13 ‘000145 005256
97:10 12920 ‘000155 004831 - 97°10 12899 000154 004839

10574 129-22 000163 *004538 10571 12901 -000162 004542

The published determinations of the density of acetylene bromide are somewhat
discordant. Two independent estimations of the sample employed by us gave
d (0°/4°) = 229866 and 229847 ; mean = 2'2986, which we have adopted in the
calculations. This agrees closely with WEGER'S value, d (0°/0°) = 2-2988.

For the thermal expansion we have used WEGER's expression (‘ Annalen,” 221, 72)

V=14 0499108t 4+ *0,17519¢* + 04117762

Taking
7, = 012167 Mg ='004540 7, (calculated) = 007432
¢, = 086 ts = 105°72 ty (from curve) = 44°-77,

Il

we obtain the formula
14:868

T (11229 + g’

which gives the following calculated values :—

.
Mean temp. Difference.
Observed (mean). Calculated.

086 01217 01217 00000
1095 ‘01070 *01070 00000
1993 *00960 -00963 + 00003
3014 00859 -00861 + +00002
3949 ‘00782 00782 00000
47-80 00722 00722 *00000
57:96 *00659 00658 — 00001
67:19 00610 00608 — 00002
7672 00565 00563 — 00002
8595 00525 00523 — 00002
97-10 *00483 00482 — 00001

10572 00454 ‘00454 -00000
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CHLORIDES.
Propyl Chloride. CH,.CH,.CH,CL.

A quantity of the chloride obtained from Kanrsaum was dried by phosphoric
oxide and distilled. It boiled between 46°1 and 46°'3. Bar. 7544 millims. Corrected
and reduced b.p. 46°°47. "

Vapour density :

Found, 39°56. Calculated, 39-18.

Observations for viscosity :—

Left limb. Right limb.
Temp. Press. Corr. 7. | Temp. Press. Corr. 7.
043 100-00 000057 *004:325 047 99-95 *000057 ‘004330
5:25 99-95 *000060 -004103 523 9985 -000060 004106

10-08 99-80 000063 003893 | 1005 9973 *000063 003896
14-68 99-74 000065 003706 14-63 99-66 000065 ‘003711
2074 100-01 *000069 003491 2068 99-94 000069 *0034.99
2580 9999 *000071 003340 2573 99-92 000071 ‘003347
30-33 99'95 *000074 ‘003178 3044 99-86 000074 003177
3536 9990 ‘000077 *00304:0 3540 99-84 000077 003037
40-81 99-89 *000080 *002882 ‘ 40-83 99-81 000080 -002892
44-67 99-89 000082 002786 44-69 99-79 000082 002783

In reducing the observations the value d (0°/0°) = 09128 for the relative density,
and the expression :

V =1+ -0,13306¢ + *0,38313¢* — *0,13859¢*

for the thermal expansion (ZANDER, ¢ Annalen,” 214, 157), were used.
Taking _
7, = 004327 My = 002784 7y (calculated) = 008471
6 = 0745 ty = 4468 ty (from curve) = 21°:48,

we obtain
662:52

N = (203'36 + t>2~24453’

from which the following calculated values are obtained :—
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.
Mean temp. Difference.
Observed (mean). Calculated.

045 -004327 004327 -000000
5:24 004104 -004108 + 000004
1006 *003894 *003902 + 000008
14:65 *003709 003720 + +000011
20-71 *003495 ‘003498 + 000003
2576 003344, -003327 — 000017
30-38 *003178 *003181 + 000003
3538 *003038 *003034 — +000004
40-82 -002887 : -002884 — +000003
44-68 *002784 002784 *000000

Isopropyl Chloride. (CH,),CHCL

A sample from KAHLBAUM, after drying over phosphoric oxide, was distilled. Tt
boiled between 35°:80 and 35°86. Bar. 762°1 millims. Corrected and reduced
b.p. = 35%74.

Vapour density :

Found, 88+92. Calculated, 39-18.

The observations for viscosity gave :—

Left limb. Right limb.
Temp. Press. Corr. 7. Temp. Press. Corr. 7.
0-27 100-38 *000060 *003996 0-27 100-32 *000060 *004003
668 10035 *000064 003712 669 100-25 *000064 *003716

11-02 100-34 000067 *00354:0 11-02 100-25 -000067 003540
16-46 10033 000070 003341 1648 100-25 000070 003341
2253 100-31 000074 ‘003133 22-47 10022 000074 ‘003143
2822 100-32 -000077 *002960 2822 100-21 000077 002964
3305 100-31 000080 *002827 33:00 100-23 000080 -002832

In reducing the observations, the value d (0°/0°) == 0'8825 for the relative density,
and the expression
V=14 0,13696¢ 4 '0,565287¢*

for the thermal expansion (ZANDER, ¢ Annalen,” 214, 158), were employed.
Taking
= 004000 g = ‘002829 1y (caleulated) = 003364

ty = 0°°27 ty = 338°02 ty (from curve) = 15°75,
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we obtain
. 9-2541
Nt = (13360 + ¢)1'5819 ’

which gives an extremely good agreement with the observed values :—

7].
Mean temp. Difference.
Observed (mean). Calculated.

027 004000 ‘ ‘004000 000000
668 ‘003714 003714 000000
11-02 003540 003540 000000
16-47 003341 003338 — 000003
22:50 003137 ‘003137 © 0000600
28:22 1002962 002963 + 000001
33:02 002829 002829 *000000

Isobutyl Chloride. (CH,),CH.CH,CL

A sample from KAnLBAUM, after standing over phosphoric oxide for several days,
was distilled, and the fraction boiling between 68°33 and 69703 was used for the
experiments. Bar. 750'7 millims. Corrected and reduced b.p. = 69°02.

Vapour density :

Found, 1. 4707 ; II. 46-90. Calculated, 46-20.

Observations for viscosity :—

Left limb. Right limb.
Temp. Press. Corr. 7. Temp. Press. = Corr. 7.
035 100-70 000043 005814 0-36 100-91 ‘000043 005817
596 10059 -000045 005397 598 10069 -000045 ‘005404

11-93 10140 000049 ‘005016 11-98 10145  -000049 ‘005014
1870 9954 000051 ‘004638 1869 9960 | 000051 *004636
23-41 9863 ‘000053 004386 2355 9875 = 000053 004386
29-47 100-88 000058 *004104 29-46 10095 | -000058 ‘004101
37-33 100-17 000062 003766 3732 10032 = -000062 -003770
4243 100-94 000065 003576 4244 101-08 *000065 008575
4870 10006 000068 003357 4873 100-14 ~ -000068 003361
53-77 99-30 *000070 003194 5372 9939 | 000070 003200
60-40 101-00 ‘000075 -003002 60-13 9876 } *000075 *003012
6534 101-28 *000078 002882 6527 101-22 ‘, 000078 -002873
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In reducing the observations, the value 0:8953 for the density at 0° and the
relative volumes at different temperatures given by PiErrE and Pucmor (‘ Ann. de
Chim. et de Phys.’ (4) 22, 810), were employed.

Taking

7, = ‘005816 ng = ‘002877 7, (calculated) = *004091
&, = 0735 ty = 657380 ty (from curve) = 29°78,

we obtain the expression
61-940

N = (141'87 + 3)1'8705 ’

which gives values agreeing closely with those obtained by observation.

7].
Mean temp. Difference.
Observed (mean). Calculated.

035 ' ‘005816 005816 *000000

597 005401 005409 +-000008
1195 005015 005022 +-000007
18:69 004637 ‘004635 —+000002
23-47 004386 ‘004388 +°000002
29-46 ‘004102 004105 +-000003
37-32 003768 003775 +°000007
42-43 003575 003581 +-000006
4871 ‘003359 003364 + 000005
5374 *003197 003204 +-000007
60-26 003007 003013 +°000006
6530 002877 002877 -000000

Allyl Chloride. CH,:CH.CH,CL

Made by the action of phosphorus trichloride on allyl aleohol by Mr. J. G. Sarr-
MARSH, A.R.C.S., to whom we are indebted for the preparation of the other haloid
derivatives of allyl employed by us. The purified product boiled between 44°95 and
45°13. Bar. 752'4 millims. Corrected and reduced b.p. = 45°29.

Vapour density :

Found, 88:54. Calculated, 38°18.

Observations for viscosity :—
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Left limb. Right limb.

Temp. Press. Corr. 7. Temp. | Press. Corr. 7.

o

050 100-53 000067 ‘004036 056 10044 *000067 004035

595 10038 000070 ‘003797 602 100-32 -000070 003804
11-19 100-21 000074 003596 11-20 100-15 *000074 -003600
1668 100-06 000077 003406 16:64 10005 *000077 *003409
2194 99-92 000080 003228 21-93 99-87 -000080 ‘003232
2834 9869 000083 '003038 28-31 9868 -000083 *003039
3398 9843 000086 002884 3396 9840 000086 002887
3834 9831 000089 002775 3841 9824 -000089 002773
42:10 9808 000091 1002680 42-11 98-02 -000091 ‘002683

The value 0'9610 for the relative density at 0°, and the expression
V = 1 + 0,13218¢ + ‘0,5078¢ — *0,41915¢

for the thermal expansion (ZANDER, ‘ Annalen,” vol. 214, p. 143), have been employed
in the reduction of the observations.
Taking
7, = 004035 ns = 002681 7, (calculated) 003289
¢, = 0°53 ty = 42°°10 t, (from curve) = 20° 10,

l

we obtain the formula
27705

= (15708 + ¢y’

which gives results in good agreement with those obtained by observation.

’I].
Mean temp. - Difference.
Observed (mean). Calculated.

053 *004035 004035 *000000
598 *003800 003803 + 000003
1119 ‘003598 003599 + 000001
16:66 ‘003408 003404 — 000004
21-93 *003230 . 003231 + 000001
2832 003039 -003039 ‘000000
3397 002885 002884 — 000001
3837 002774 002771 — 000003
42-10 002681 002681 000000

Methylene Chloride. CH,Cl,.

A quantity of this liquid, obtained from Kamrsaum, was placed over phosphoric
anhydride and distilled. It boiled between 40°°68 and 40°88. Bar. 7692 millims.
Corrected and reduced b.p. = 4041,
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Vapour density :

Found, 42-42.

Calculated, 42°87.

The observations for viscosity were as follows :—

Left limb. Right limb.

Temp. Press. Corr. 7. Temp. Press. Corr. 7.
0-49 100-42 -000071 -005335 044 100-35 -000071 005324
576 100-33 *000074 ‘005017 571 100-23 *000074: -005028

10-15 100-31 -000077 *004793 10-22 100-17 -000077 004796

15:45 100-28 -000081 *004548 1545 100-14 “000081 *004:552

2058 10025 -000084 -004:327 2054 100-09 -000084 004333

2560 100-16 *000087 *004131 2558 100-02 *000087 004144

30-96 100-01 *000091 *003930 31:00 99-93 -000091 003936

3753 99-98 *000095 003703 37-50 99-84 -000095 003712

In reducing the observations we have adopted PErkIN's value for

density d (15°/15°) = 13377, and the expression

V =1 4 0,130805¢ 4 ‘0,2735(2 — 0413313,

already given by one of us (THORPE, loc. cit.), for the thermal expansion.

Taking

n = 005329 5, = 003707
6, = 0%46 ty= 37°51

we obtain the formula

T (12888 + gy

7y (calculated) = 004445
ty (from curve) = 17°82,

581778

the relative

which gives values in close agreement with those obtained by observation.

’)].
Mean temp. Difference.
Observed (mean). Calculated.

046 ‘005329 ‘005329 000000
573 ‘005023 *005031 + -000008 ‘
1018 004794 *004801 + +000007 1

1545 004545 004551 + -000006

20-53 004330 ‘004329 — 000001

2559 004137 ‘004126 — 000011

30-98 ‘003933 003928 — +000005

37:51 003707 003707 000000

MDCCCXOCIV,—A.

3 R



490 MESSRS. T. E. THORPE AND J. W. RODGER ON THE RELATIONS

- Ethylene Chloride. CH,CLCH,CI.

A gpecimen of this liquid was dried over phosphoric anhydride and distilled. Tt
boiled between 83“91 and 84%08. Bar. 7610 millims. Corrected and reduced
b.p. 83°93.

Vapour density :
Found, I. 48-99; II. 49-29. Calculated, 49°37.

Observations for viscosity :—

Left limb. Right limb.
Temp. Press. Corr. . Temp. Press. Corr. 7.
0-33 12809 000042 ‘011194 0-30 127-96 000042 011229
722 12813 000046 010020 724 127-97 000046 010022

14-71 12813 000051 ‘008959 14:75 127-99 000051 -008964
2184 12826 ‘000056 008126 21-85 12813 | -000036 -008132
2878 128-21 000061 007408 2878 128-11 -000061 007426
36:90 128-21 000066 006684 36-87 12809 000066 006707
4388 128-22 000071 006163 4390 128-07 000071 006168
5178 12814 000077 005670 51-69 128-07 000076 *005666
5852 12819 000082 005265 5855 12805 000082 005273
6556 .| 12823 000087 004907 6551 12808 000087 ‘004917
72:98 128-28 000092 *004552 72:93 12814 000092 004564
81:06 12835 000098 004213 81-09 12820 000099 ‘004221

In reducing the observations the value 1-28082 for the density at 0°, and the
expression
V =1 4 0,115308¢ -+ *0,8256932 + 0962565

(THORPE, loc. cit.) for the thermal expansion, have been adopted.
Taking

7, = 011211 ny = ‘004217 1, (calculated) = 006876
t, = 031 t, = 81°°07 t, (from curve) = 34°80,

Il
i

we obtain the formula
24256
= (10067 4 z)ro66a *

which gives the following calculated values :—
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7.
Mean temp. Difference.
Observed (mean). Calculated.

031 011211 ‘0611211 +000000
723 ‘010021 ‘010041 + 000020
1473 -008961 ‘008978 -+ 000017
2184 ‘008129 ‘008128 — 000001
2878 1007417 ‘007416 — 000001
3688 ‘006695 ‘006704 -+ 000009
4389 ‘006166 ‘006171 4+ 000005
51:74 ‘005668 ‘005652 — 000016
5853 ‘005239 ‘005256 + 000017
6553 ‘004912 004893 — 000019
72:95 1004558 1004550 — 000008
81-07 ‘004217 ‘004217 000000

Ethylidene Chloride. CH; CHCL,

A sample, prepared from paraldehyde and free from phosphorus, was fractionated,
and the portion boiling between 56°84 and 57°24 was employed for the experiments.
Bar. 7530 millims. Corrected and reduced b.p. = 57°32.

Vapour density : '

Found, 49°38. Jalculated, 49°87.

Observations for viscosity :-—

Left limb, Right limb.
Temp. Press. Corr. 7. Temp. Press. Corr. 7.
706 128-11 000073 *005682 706 12811 000073 005690

11-34 127-97 -000077 *005400 1114 127-94 000077 005426
1534 12825 000080 005153 15-34 128-22 -00C080 005160
19-31 128-25 *000083 004933 1931 12814 "000083 004934
23-24 128:15 -000086 004730 2321 12887 000086 004742
2784 12811 *000089 *004:503 27:86 12802 -000090 004510
3151 12802 -000092 004338 3159 127-97 -000092 004337
35°57 128-00 000095 ‘004156 3566 | 127-88 000096 004165
4021 127-82 -000099 003973 4016 | 12775 *000099 *003980
43-74 12841 -000102 003834 4374 12835 000102 003838
47-96 128'15 ‘000105 003694 4794 12806 000105 003696
54¢54: 12794 ‘000110 *0034.76 54e 54 127:86 ‘000110 ‘003476

In reducing the observations the value 12049 for the density at 0°, and the
expression
3R 2
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V =1 + '0,128402¢ + *0,189062£> + 05784815

(THORPE, loc. cit.) for the thermal expansion, were used.
Taking
= 005686 s = 003476 n, (calculated) = 004446
t, = 7°06 ty = 54°°54 t, (from curve) = 29°-06,

we obtain the formula
22247 v
"= (13202 gy’

which gives values in close agreement with those obtained by observation.

7].
Mean temp. Difference.
Observed (mean). Calculated.

7-:06 ‘005686 005686 000000
1124 005413 ‘005411 — 000002
1534 ‘005156 1005161 4 +000005
19-31 004934 004936 -+ 000002
2322 ‘004736 004729 — 000007
27-85 -004506 004502 — 000004
3155 004337 - ‘004333 — +000004:
3561 004160 004158 — +000002
40-18 1003976 003975 — +000001
4374 003836 003841 + -000005
4795 1003695 003693 — 000002
5454 003476 ‘003476 000000

Chloroform. CHCl,.

We are indebted to Mr. Davip Howarp for the sample of pure chloroform which
has served or our experiments. It was placed over phosphoric oxide for some hours
and distilled. It boiled completely between 61°43 and 61°°58. Bar. 7640 millims.
Corrected and reduced b.p. = 61°:34.

Vapour density :

Found, 59°40. Calculated, 59°55.

Observations for viscosity :—-
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Left limh, ? Right limb.

Temp. Press. Corr. 3. | Temp. Press. Corr. 7.

o o

033 100-46 *000060 006975 0-33 100-44 *000060 -006984

5:27 10053 000063 006590 526 10047 000063 *006598
10-24 100-23 *000066 006240 10-29 100-09 000066 006245
15:89 100-16 *000070 005873 15-95 100-01 000070 *005879
21-42 100-11 -000073 005558 21-42 99-98 000073 005566
2593 100-01 000076 005307 2594 99-89 000076 ‘005321
3145 99-99 -000079 005037 31-49 99-83 -000079 ‘005042
36-81 99-90 000083 004784 3683 99-79 -000083 004791
42-07 99-81 000086 004563 42-05 99-66 -000086 *004:565
46-88 100-66 -000089 ‘004376 46-88 100-53 -000089 -004380
52:75 10067 -000093 ‘004152 52:70 100-53 *000093 ‘004160
5695 100-66 *000096 004000 5694 10052 *000096 004012

In reducing the observations we have employed the value 1'52637 for the density
at 0°, and the expression

V =1 + '0,123024¢ + 0,171383¢* + 0,8338¢%

for the thermal expansion (THORPE, loc. cit.).
Taking
7, = 006979 73 = '004006 7, (calculated) = 005288
t, = 0°:33 ty = 56°94 ty (from curve) = 2648,

we obtain the formula
704244
promsena H
N (15833 + Z5)1‘8196

which gives results in very good agreement with those obtained by observation.

‘7]»
Mean temp. Difference.
Observed (mean). Calculated.

0'33 006979 -006979 -000000
526 ‘006594 ‘006601 + 000007
10-26 005242 006250 + 000008
1592 005876 ‘005885 + 000009
2142 ‘005562 ‘005562 000000
25:93 005314 005316 + -000002
31-47 005039 005037 — 000002
3682 004787 004789 + 000002
42:06 ‘004565 *004:564 — +000001
4688 ‘004378 ‘004370 — 000008
52:72 ‘004156 ‘004153 — +000003
5694 +004006 ‘004006 000000
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Carbon Tetrachloride. CCl,.

The sample employed for our observations was obtained by repeatedly agitating a
quantity of the rectified liquid with potash solution, decanting, drying over phosphoric
oxide, and fractionating. The liquid was eventually found to boil constantly at
76°76. Bar. 7554 millims. Corrected and reduced b.p. = 76°96.

Vapour density :

Found, 7662, Calculated, 76:74.

Observations for viscosity :—

Left limb. Right limb.

Temp. Press. Corr. 7. Temp. Press. Corr. 7.

061 129-68 000045 ‘013320 0-60 129-48 ‘000045 ‘013323

720 129-47 -000050 ‘011864 710 129-33 *00004:5 ‘011905
14-90 129-32 000056 ‘010467 14-88 129-23 000056 *010487
21-20 129-34 000061 009513 21-23 129-17 000061 '009522
27:55 129'13 -000066 *008705 27:57 129-02 -000066 -008706
3521 128-97 -000072 007847 3522 128-88 000073 *007864
4208 12871 *000078 ‘007194 4208 12869 000078 007202
49-52 12852 -000084; 006565 4950 128:39 *000084: -006569
5626 128-36 000090 006075 56-31 128-26 000090 -006080
62-88 128-17 000096 005653 62-87 12806 000096 005666
69-87 12776 000102 005243 69-91 127-59 000101 005250
7421 12764 -000106 005013 7412 127-53 *000105 -005020

In reducing the observations we have adopted the value d(0°/4°) = 163195 for the
density, and the expression

V =14 "0,120719¢ 4 *0,67109¢* 4 -0,13478¢

for the thermal expansion (THORPE, loc. cit.).
Taking
7, = '013322 ng = 005017 7, (calculated) = 008175
t, = 0°°60 ty = 74°°16 t, (from curve) = 32° 17,

we obtain the expression
_ 82780
T (9505 + o’

which gives the following calculated values :—
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.
Mean temp. Difference.
Observed (mean). Calculated.

060 013322 013322 *000000
715 011884 011893 + 000009
14 89 010476 ‘010496 + 000020
21-21 009517 009538 + 000021
2756 008705 008708 + 000003
3521 ‘007855 007851 — 000004
42-08 007198 ‘007190 — 000008
4951 006567 1006569 + 000002
5629 006078 006073 — +000005
62:87 005659 ‘005646 — 000013
69-89 005246 ‘005241 — -000005
74-16 005017 005017 000000

Carbon Dichloride. CCl,:CCl,

A large quantity of this liquid was distilled, washed with water and a dilute
solution of potassium carbonate, dried over phosphoric anhydride and carefully
fractionated. Eventually, after repeated fractionation, a portion was obtained which
boiled between 120°73 and 120°85. Bar. 761'15 millims. Corrected and reduced
b.p. = 120°74.

Vapour density :

Found, 82-21. Calculated, 82:74,

- Observations for viscosity :—

Left limb. Right limb.

Temp. Press. Corr. 7. Temp. Press. Corr. 7.

041 130-62 000054 ‘011331 0-46 13046 *000054 ‘011329
11-44 130-60 ‘000061 *009854: 11-41 130743 000061 009870
22-30 130°56 -000069 008683 22-30 130-42 *000069 -008700
32-39 130-46 *000075 007821 32-28 13034 -000075 -007858
4276 130-41 -000082 007068 42-80 130-25 -000082 007074
52:68 130-37 *000089 *006448 52:69 130-21 -000089 006456
64-16 130-68 000097 005839 64-13 130°55 000097 005852
7469 130-61 ‘000104 005349 74:66 130-47 000104 005363
8571 130-64 ‘000112 *004914 85-80 13047 000112 004908
9559 130-62 000119 ‘004549 9562 130-46 000119 | ~ 004554

106-04 13050 000126 004218 || 106-03 130-32 000126 004224 -
117-06 130-46 ‘000134 003902 117-13 13033 ‘000134 003900
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The published determinations of the density of carbon dichloride are very discrepant,
owing, doubtless, to the difficulty of obtaining this substance pure. Two determi-
nations of the sample used by us gave at 0° the values 1'65514 and 165505, the mean
of which (16551) has been employed in the reductions.

For the thermal expansion we have adopted PIERRE's observations (‘ Annales de
Chim. et de Phys.’ (3), 33, 233).

Taking

Il

M
b

‘011330 my = *003901 1, (calculated) = ‘006648
0°43 ty = 11709 1, (from curve) = 49°32,

we obtain the formula
__ 30656
T (12617 + )16

which gives the following calculated values :—

‘il.
Mean temp. Difference.
Observed (mean.) Calculated.

043 01133 ‘01133 -00000
11-24 -00986 -00991 + 00005
22-30 00869 -00874 + ‘00005
3234 ‘00784 *00785 + ‘00001
42-78 ‘00707 *00707 -00000
5268 00645 *00645 00000
64c14 *00585 *00582 — 00003
74r67 00536 +00533 — 00003
8575 +00491 -00489 — +00002
9560 00455 *00454 ~ 00001

106:03 *00422 -00421 — +00001
117-09 -00390 *00390 -00000

SuLpHUR COMPOUNDS.
Carbon Bisulphide. CS,.

A sample from Dr. PErRkIN, after digestion with phosphoric oxide, was distilled.
It boiled between 46°°63 and 46°68. Bar. 766°0 millims. Corrected and reduced
b.p. = 46°°42.

Vapour density :

Found, 37°59. Calculated, 3800,
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The observations for viscosity gave :—

Right limb. Left limb,

Temp. Press. Corr. 7. Temp. Press. Corr. 7.

040 10015 000082 004274 0-39 100-01 -000082 -004287

4-87 100-22 000085 004122 4-90 100-09 *000085 "004128

944 100-57 -000087 003968 946 100-42 -000088 003977
1493 10065 000091 003807 || 14-89 | 10051 *000091 003815
19-93 10063 -000093 003666 1996 = 10050 000093 003675
2533 100-39 -000096 003559 2536 101-28 -000096 003552
3031 100-94 -000099 003415 3030 100-82 000099 ‘003426
3552 100-91 000102 *003281 3550 100-78 000102 003287
40-65 100-82 -000105 003168 4059 100-71 000105 003180
4598 10057 000107 003057 4594 100-51 000107 003062

In reducing the observations we employed d (0°/4°) = 129215 for the density, and
the expression
V =1+ "0,115056¢ - "0,111621¢ 4 0,17455:3

for the thermal expansion (THORPE, loc. cit.).

Taking _
7= '004280 5, = 003060 1, (calculated) = 003619
i = 0740 ly = 45°°96 ty (from curve) == 22701,
we obtain the formula
24379

which gives numbers in very close accord with those obtained by observation.

7]-
Mean temp. e Difference.
Observed (mean). Calculated.

0:40 00428 00428 -00000
4-88 ‘00413 00413 00000
945 ‘00397 00398 + 00001
14-91 00381 00382 -+ 00001
19:94 ‘00367 ‘00368 -+ -00001
2534 00356 ‘00353 — 00003
30:30 00342 00341 — 00001
3551 00328 00328 00000
4062 ‘00317 ‘00317 ‘00000
4596 ‘00306 ‘00306 00000

MDCCCXCIV.—A. 3 s
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Methyl Sulphide. (CHy),S.

A quantity of methyl sulphide was dried over phosphoric oxide and fractionated.
The greater portion was eventually found to boil between 87°13 and 37°:45.
Bar. 7654 millims.  Corrected and reduced b.p. = 37°52. '

A determination of vapour density gave :—

Weight of liquid . . . . . . 00614 gram.
Volume of vapour . . . . . 8161 cub. centim
Temperature . . . . . . . 14”8,

Pressure . . . . . . . . 21593 millims.

Found, 31°17. Calculated, 31:00.

The vapour density observation was made at 14°:8 —the atmospheric temperature,
as the substance was completely volatilised under the diminished pressure (215°9
millims.) employed in the experiment.

The observations for viscosity gave :—

Left limb. \1 Right limb.
‘ o
Temp. Press. Corr, 7. | Temp. Press. Corr. 7.
- [ ’
o 55 o

0-25 10164 *000070 003528 029 10155 *000070 *003530

5:56 101+62 *000073 003349 | 556 10153 *000073 "003353
10-04 101-59 *000076 003210 * 1007 101-51 000076 | 003208
14-75 10159 "000078 003071 ;475 10150 *000078 *003079
2018 10161 -000081 002927 . 2020 101-50 -000081 -002927
206-13 101-61 *000085 002774 26°15 101-50 -000085 -002779
31-35 101-60 -000088 (002651 | 3135 101-51 000088 002659

3578 101-61 | -000090 002559 3584 10151 ‘000090 | 002559

In reducing the observations the density was taken as d (0°/4°) = 0:8702 and the

thermal expansion as

V=14 0,182607¢ 4 *0,2130214¢* -+ -0,232968¢,

(Tuorer and L. M. Joxgs, loc. cit.).
Taking
7. = 003529 7y = 002559 7y (calculated) = 003005
6 = 0°27 t, = 35781 ty (from curve) = 17°-20,

we obtain the formula
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917768
Nt = (17034 4 t)1‘6981 H

which gives results in excellent agreement with those obtained by observation.

"].
Mean temp. Difference.
Observed (mean). Caleunlated.

0-27 ‘003529 003529 ‘000000
556 ‘003351 ‘003351 000000
10-05 003209 ‘003210 + 000001
14¢75 ‘003075 ‘003073 — +000002
20-19 ‘002927 002926 — 000001
2614 ‘002776 - 002777 -+ 000001
3135 ‘002655 ‘002656 + 000001
3581 ‘002559 ‘02559 ‘000000

Ethyl Sulphide. (CH,.CI,),S.

About 200 grams of ethyl sulphide were dried over phosphoric oxide and distilled,
By far the greater portion boiled between 91°:23 and 91°'53, Bar. 743'7 millims
Corrected and reduced b.p. = 92°1.

Vapour density :

Found, 44°73. Calculated, 45°0.

The observations for viscosity gave :—

Left limb. Right limb.

Temp. Press. Corr. 7. Temp. Press. Corr. 7.

019 101-99 -00004:4: ‘005570 023 101-92 ‘000044 005580

834 101-98 *00004:7 ‘005056 830 101-90 *00004:7 005062
1584 101-97 -000051 -00464:4 15-87 101-89 000051 ‘004646
2465 101-91 000055 ‘004234 2463 101-85 ‘000055 ‘004240
32-64 101-84 *000059 "003897 32:63 101-78 "000059 -003900
4025 10181 *000063 ‘003625 40-13 | 101-73 *000062 ‘003631
4774 101-49 000066 -003381 4776 101-43 “000066 003381
56-51 101-47 -000070 ‘003122 | 5647 101-39 000070 -003129
6354 101-46 000074 ‘002943 6340 101-38 *000074 002951
71:21 10147 -000078 002762 7130 101-39 000078 ‘002761
80-28 101-48 000082 | -002563 | 8035 101-39 000082 ‘002562
87-95 101-49 000086 ‘002405 | 88:04 10144 000086 -002407

In reducing the observations we have adopted PigrrE’s value d (0°/0°) = 0'88672
for the relative density, and his expression
38 2
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V=1 + 0,11964¢ + ‘0,18065¢> + ‘0,78821¢3

for the thermal expansion (‘ Annales de Chim. et de Phys.,’ (3), 33, 215).
Taking '
n, = ‘005575 g = 002406 7, (caleulated) = ‘003663
£ == 0°21 ty = 87799 ty (from curve) = 39°05,

we obtain the formula
49886
M (4915 gy

which gives results in good agreement with the values obtained by observation.

7].
Mean temp. - Difference.
Observed (mean). Calculated.

0-21 - 005575 005575 000000
832 ‘005059 *005064: -— 000005
15-85 004645 ‘004652 + 000007
2464 004237 ‘004233 — 000004
22:63 003899 ' *003901 + -000002
4019 003628 003623 — 000005
4775 ‘003381 ’ 003374 — 000007
5649 003126 ‘003118 — 000008
6350 002947 *002933 — 000014
7125 002761 . 002749 — 000012
80-31 002563 002555 — +000008
87-99 -002406 *002406 -000000

Thiophen. CH :CH.S.CH:CH.
| |

A quantity of thiophen, after drying, was carefully fractionated, and the portion
boiling between 84°18 and 84°:38 was collected and employed for the viscosity

observations. Bar. 7590 millims. Corrected and reduced b.p. 84°3.
Vapour density :—
Found, 4157. Calculated, 42-00.

The observations for viscosity gave :—
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Left limb. Right limb.

Temp. Press. Corr. 7. Temp. Press. Corr. 7.

0-24 10243 *000036 008672 0-25 102-30 000036 *008680

- 839 102-41 ‘000041 007688 840 102-33 -00004:1 007697
16-66 10203 *000045 *006869 16:56 101-92 *000045 006883
22:55 102:10 000048 006381 2245 101-96 -000048 006388
3115 102-16 000053 005749 31-09 102-00 -000053 005758
37:85 101-77 000056 ‘005324 37-82 101-67 -000056 ‘005332
44-93 101-72 000060 004934 4495 101-61 -000060 ‘004935
5314 10175 *000065 *004:539 53-02 101-62 000064 ‘004541
61-85 10183 -000070 004162 6148 101-69 000069 ‘004179
68-61 101-89 000073 -003907 68-60 101-78 ‘000073 003907
7510 101-88 *000077 ‘003679 75:03 101-77 -000077 003685
8280 101-93 -000081 003448 82:56 101-81 ‘000081 003446

In reducing the observations we have employed ScHIFF'S values for the thermal
expansion (‘Ber., 18, a, 1605), and the number d(0°/0°) = 10884 for the relative
density.

Taking

i

7, = 008676 Ny = ‘003447 7, (calculated) = 005469
6, = 024 ty = 82753 ty (from curve) = 35°52,

we obtain the formula

which gives results in good agreement with those obtained by observation.

’)]-
Mean temp. Difference.
Observed (mean). Calculated.

0-24 008676 -008676 000000
839 007692 007703 + 000011
1661 -006876 006889 + 000013
2250 006384 006388 + 000004
31-12 005754 005754 -000000
37-83 005328 005328 000000
44-94 *004934 *004930 — 000004
5308 *004540 004531 — 000009
6166 *004170 004163 — 000007
6860 ‘003907 003900 — 000007
75°06 003682 003679 — -000003
82'53 003447 ‘003447 000000
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KETONES.
Dimethyl Ketone (Acetone). CH,.CO.CH,.

A sample lent to us by Dr. PErRKIN was distilled : all came over between 55°3 and
55%5. It was redistilled : the portion collected for the observations boiled between
5549 and 55°54. n = 8° ¢ = 25°5 (emergent column). Bar. 7426 millims. Cor-
rected and reduced b.p. = 56°22.
~ Vapour density :

Found, 28°51. Jaleulated, 29-00.

Observations for viscosity gave :—

Left limb. Right limb.
Temp. Press. Corr. 9. Temp. Press. - Corr. ”.
704 128-68 -000078 -003634. 779 128-61 *000078 *003641

11-71 12870 000080 003497 11-74 12862 -000080 *003495
15-24 12872 *000082 ‘003383 1524 12861 -000082 003370
19-04 128-85 -000085 -003254; 19-01 12876 000085 -003262
23-04 128-84 *000088 003129 2299 12876 -000088 ‘003132
27-21 129-09 000091 ‘003004 2724 129:05 *000091 *003010
32-31 128-62 *000094 002861 32-56 128-61 *000094 *002865
3594 12851 -000096 002774 3606 12846 *000096 002770
40-04 12840 -000099 -002683 40-04 12834 *000099 002678
44-09 128-34 000101 ‘002586 44:16 128-29 *000102 002583
4761 128-30 000104 002501 47-64 12821 *000104 -002506
5216 12818 000107 -002405 5224 12810 *000107 -002406
5386 128-06 000108 002377

In reducing the observations we have adopted the value d (0°/4°) = 081858 for the
density, and the expression

V=14 "0,185293¢ + -0,302426¢> — *0,29¢

for the thermal expansion (THORPE, loc. cit.).
Taking
7, = ‘003637 7y = 002405 7, (calculated) = 002958
t, = 7°'86 ty = 52°20 ty (from curve) = 29°:00,
we obtain the formula
A
(20908 + gy

which gives results in very good agreement with those obtained by observation,
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77-
Mean temp. Difference.
Observed (mean). Calculated.

786 1003638 003638 000000
11-72 ‘003495’ *003498 ++000003
1524 ‘003376 003377 4000001
1902 003258 003254 —-000004:
2301 © 003131 ‘003130 —+000001
27-22 *003007 -003008 +°000001
32:43 ‘ ‘002863 002865 + 000002
36-00 002772 002773 +°000001
4004 002675 ‘002674 —-000001
44-12 002584 - 002579 —+000005
4762 002503 *002502 —+000001
52:20 +002405 ‘002405 -000000
5386 ‘002377 002372 —-000005

Methyl Ethyl Ketone. CH,;.CH,.CO.CH,.

A quantity of this ketone, obtained from Professor Jappr, and prepared by Kant-
BAUM from ethylic methaceto-acetate by Boxing’s method (‘ Annalen,” 204, 17) was
dried by means of anhydrous copper sulphate and submitted to fractional distil-
lation. Eventually a portion was obtained which boiled between 79° and 83°
Bar. 77288 millims.

The quantity of the material was insufficient to allow of further treatment.

A vapour density determination gave 35°14. Calculated, 36:00.

- The observations for viscosity gave -—

Right limb. Left limb.

Temp. Press. Corr. 7. Temp. Press. Corr. 7.

0-32 101-04 000044 005361

704 101-08 -000048 004923 704 100-99 *000048 004923
14-09 101-02 -000051 *004:524, 1411 100-95 000051 004520
21-26 100-87 000055 004172 21-36 100-82 000055 ‘004167
2839 100-73 000059 -003860 28-34 100-69 -000059 ‘003862
3544 10045 000062 003588 3541 100-40 000062 003583
42-44 100-33 -000066 *003342 42:54 100-30 000066 -003343
4870 100-28 -000069 "003152 4875 100-20 000069 *003146
5593 100-21 -000073 *002945 5591 100-13 000073 002944
6374 101-32 000078 002751 6375 101-25 -000078 002750
70°36 101-28 -000081 '002596 7016 101°16 -000081 *002595
7628 101-11 -000085 *0024:64: 7623 101-09 -000085 *002466

In reducing the observations we have adopted the value d (0°/4°) = 0:8296 for the
density, and the expression
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V =1 4 "0,11865¢ + '0,337044% — 0,53364¢3

for the thermal expansion (TrorPE and L. M. Jongs, loc. cit.).

Taking
7, = 005361 ng = '002465 7, (calculated) = 003653
t, = 0°:32 t, = 7625 t, (from curve) = 34°18,

we obtain the formula
_ 86972
T (13933 )L

which gives values in good agreement with those obtained by observation.

7
Mean temp. Difference.
Observed (mean). Calculated.

0-32 005361 005361 -000000
704 *004923 -004929 + -000006
1410 004522 004530 + +000008
21-31 004170 ‘004173 + -000003
2836 *003861 *003864 + 000003
3542 003586 *003589 + -000003
42-49 ‘003342 ‘003343 + *000001
4872 *003149 ‘003148 — +000001
5592 002944 002943 — +000001
6374 *002750 002743 — 000007
7026 002595 ‘002592 — +000003
7625 ‘002465 ‘002465 *000000

Diethyl Ketone. CH,.CH,.CO.CH,.CH,.

A sample of this compound, lent to us by Dr. Jarp, and prepared by Kanrsaum
from barium propionate by KRraFFr's method, was carefully fractionated, and
eventually a portion was obtained which boiled between 100%9 and 101°95.
Bar. 745'3 millims. Corrected and reduced b.p. = 102°1.

A determination of its vapour density gave 41'98. Calculated, 43-0.

The viscosity observations gave i—
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Left limb. Right limb.

Temp. Press. Corr. 7. Temp. Press. Corr. ”.
045 100-33 *000040 ‘006913 0-47 100-26 *000040 ‘005915
9:10 100-29 000044 *005299 9:11 100-22 -000044. 005305

1870 100-28 *000049 004746 18-71 100-20 *000049 *004750

2707 100-33 *000053 004328 2707 100-21 -000053 004329

36-20 10039 ‘000057 003937 3622 100-31 000057 *003941

44-70 100-42 000061 003619 44:70 10034 -000061 *003627

53:46 10035 ‘000066 *003336 5342 100-27 *000066 -003342

6241 10036 *000070 -003077 62-46 100-26 +000070 -003082

7221 10017 *000075 002832 72:19 10010 -000075 *002835

8151 99-90 *000079 *002623 8143 99-86 *000079 -002624

90-97 99-69 -000084 -002426

9879 99-53 -000088 -002279 9885 9946 -000088 *002280

In reducing the observations we have adopted the value d (0°/4°) = 08335 for the
density, and the expression

for the thermal expansion (THORPE and L. M. Jongs, loc cit.).

Taking

M
t

V =1+ 0,115342¢ + *0,188396¢> 4 '0432021¢°

Il

‘005914
0°46

Il

we obtain the formula

UE!
2

‘002279
98°-82

7, (calculated) = ‘003671
£, (from curve) = 4338,

_ 64487
N = (14667 + £)'5026 *

which gives the following calculated values :—

Mean temp. Difference.
Observed (mean). Calculated.

046 ‘005914 005914 000000
910 ‘005302 005318 + +000016
18:70 ‘004748 004757 -+ 000009
27:07 ‘004328 004339 + 000011
3621 003939 003944 + -000005
44°70 ‘003623 003624 + 000001
5344 ‘003339 003335 — +000004
6243 003079 003073 — 000006
7220 ‘002834 002822 — 000012
81:47 002623 002613 — +000010
9097 002426 002411 — 000015
98:82 002279 002279 000000

MDCCCXCIV,—A.
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Methyl Propyl Ketone. CH,.(CH,),.CO.CH,.

A sample lent to us by Dr. Japp was placed over anhydrous copper sulphate
and submitted to fractional distillation, and eventually a portion was obtained
boiling between 102°'25 and 102°55. Bar. 7754 millims. Corrected and reduced
b.p. = 101°7.

Determinations of its vapour density gave (1) 4297 ; (2) 4278. Calculated 43-00,

Observations for viscosity gave :—

Left limb. Right limb.

Temp. Press. Corr. 7. Temp. Press. Corr. 7.

041 100-49 000037 *006400 0-35 100-41 000037 006409

934 10045 *000041 005697 946 100-35 000041 *005688
18-30 100-42 000045 ‘005108 18-30 100-34 000045 005111
27:79 100-39 -000049 004589 2776 100-32 000049 004594
3544 10038 -0000563 004231 3542 100-32 000053 004237
4527 10033 ‘000057 -003829 4531 100-25 000058 -003832
53-90 10029 -000062 003525 5398 100-24 -000062 *003525
6226 100-19 -000066 003261 6223 100-11 -000066 003262
7279 100-62 ‘000071 *002979 72:69 100-58 000071 002982
8065 160-51 000075 002785 8063 10044 -000075 002788
90-08 100-49 000080 002574 9004 | 10041 *000080 002573
9878 10050 000084 -002399 9877 100-40 -000084: 002401

In reducing the observations we have adopted Perkin’s value d (15°/15°) = 0-8124
(which gives d (0°/4°) = 0°8258) for the relative density, and the expression

V =1 4 0,113087¢ + *0,212556* 4+ *0,98644,

for the thermal expansion (Tmorer and L. M. Jonzs, loc. cit.).
Taking

n, = "006404 5 = 002400 7, (caleulated) = 003920
¢t =038 ty = 98°77 t, (from curve) = 4300,

'
|

we obtain the formula
51:543

Ul = (137.75 + t)1'8248 ?

which gives the following calculated values :—
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! N "].
Mean temp. Difference.
Observed (mean). Calculated.

0-38 ‘006404 006404 000000
9-40 005692 ‘005706 ++000014
18:30 ‘005109 ‘005126 4000017
27:77 1004592 004604 +-000012
3543 ‘004234 004239 © 4000005
4529 ‘003831 003831 000000
53'94 ‘003525 ‘003522 —+000003
6224 003262 003260 —-000002
7274 +002980 ‘002969 —+000011
80-64 ‘002787 ‘002776 . —+000011
90-06 ‘002574 002570 — 000004
9877 002400 002400 000000

Acetaldelyde. CHz;COH.

A considerable quantity of aldehyde, obtained from Kaursaum, was distilled from
a water-bath, the temperature of which was not allowed to rise above 80° and the
fraction distilling between 20° and 23° was collected separately. This portion was
then shaken for a few minutes with calcium chloride (comp. Prrxin, ¢ Chem. Soc.
Trans.,” 1884, p. 475), filtered into a stoppered bottle, and placed in ice for about
four hours to promote the separation of any metaldehyde. The liquid was again
distilled, and the portion boiling between 20°45 and 21°°93 was collected. Bar.
7556 millims. Corrected and reduced b.p. = 21°4.

A determination of the vapour density of this fraction gave 2249 ; calculated 22'00.

The observations for viscosity gave :—

Left limb. Right limb.

Temp. Press. Corr. 7. Temp. Press. Corr. 7.

032 100-78 000081 ‘002666
534 10065 000084 002540 100-60 000084 *002536
955 100-54 000086 |~ 002440 100-49 -000087 *00244:3
1391 100-47 -000089 002346 13-93 100-41 -000089 *002343
1920 100-31 -000092 002232 19-14 100-23 000092 ‘002237

100-76 000081 002659

© oo
SR
IS gor

In reducing the observations, we have employed the value d (0°/0°) = 080092 for
the relative density, and the expression

V =1+ 0,15464¢ + "0,69745¢*

for the thermal expansion (Kopp, ¢ Jahresbericht,” 1847-48, p. 66).
8T 2
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Taking
7, = 002663 ny = 002234 ¢, (calculated) = 002439

t; = 033 ty = 19°17 ty (from curve) = 9°60,

fl

we obtain the formula
_. 166522
= (28611 + T’

which gives numbers in almost exact agreement with the observed values.

! .
Mean temp. - — Difference.
Observed (mean). Calculated.

033 002663 - 002663 *000000

535 002538 ‘002538 *000000

9'56 002442 -0024.40 — +000002

13-92 002345 *002344: — +000001

1917 *002234 "002234 -000000

Acips.

Formic Aerd. H.COOH.

We are indebted to Dr. PERKIN for the sample of formic acid which has served for
our observations. It was a portion of that employed by him in determining the
magnetic rotary polarization of this substance. It boiled at 101° (corrected).

The observations for viscosity gave :—

Left limb. | Right limb.
!
Temp. Press. Corr. 7. “ Temp. Press. Corr. 7.
759 12861 000018 023864 | 759 12850 *000018 023837

1594 12866 000021 019513 | 1599 12852 000021 019503
24-16 12870 -000026 016336 | 24716 12860 ‘000026 016353
32-89 12835 000031 013777 | 3284 128-29 000031 ‘013811
4044 12832 ‘000035 012058 | 4029 12819 000035 012092
48:06 128-37 -000039 010628 48:01 128-21 ‘000039 010654
56-31 128-26 ‘000044 ‘009359 | 5629 12813 000044 *009380
6416 128-22 000049 008373 || 6424 12807 ‘000049 008379
72:06 128-21 000054 ‘007537 | 7204 128-08 000054 ‘007546
8024 12800 000059 006801 80-19 127-86 *000059 006817
8824 12817 *000064 006176 8814 127-90 *000064 ‘006195
- 9719 12818 000071 005582 97-26 12805 000071 005586

i




BETWEEN THE VISCOSITY OF LIQUIDS AND THEIR CHEMICAL NATURE. 509

In reducing the observations, ZANDER'S expression (¢ Annalen,” 224, 59, 1884) for
the thermal expansion,

V =14 0,95794¢ + *0,9647% + ‘0445729,

was employed : this affords values closely concordant with those given by that of
Korr: for the relative density we have adopted the mean of the concordant observa-
tions of LANDOLT and ZANDER, viz., d (0°/0°) = 1°2424.
Taking
7, = ‘023851 ng = ‘005584 7, {calculated) = 011540
t,="7%59 ty = 97°°23 ty (from curve) = 43°07

we obtain the formula
328143
Ne = (59.799 + t>1'7164~ ’

which gives calculated values which agree closely with those obtained by observation.

’I].
Mean temp. Difference.
Observed (mean). Calculated.

759 *02385 02385 -00000
15°96 01951 01951 +00000
24-16 01635 01635 -00000
32:86 *01379 01381 + 00002
40-36 01208 *01208 *00000
4803 01064 01064 -00000
5630 *00937 -00938 + 00001
64-20 -00838 -00837 — 00001
72:05 00754 00754 -00000
8022 00681 -00680 — 00001
88'19 -00619 *00618 — 00001
97-23 00558 00558 *00000

Acetic Adeid., CHZ.COOH.

A quantity of “pure” glacial acetic acid was cooled below its freezing point, and
the liquid portion drained from the crystals. These were melted, again frozen, and
drained as before, the process being repeated four times. The residual portion was
then melted and placed over anhydrous copper sulphate for several days. The clear
liquid was decanted and distilled. It boiled at 117°:8. Bar. 754'2 millims. Cor-
rected and reduced b.p. = 118°1.

As is well known the vapour density of acetic acid is anomalous. The observations
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of Ramsay and Youwxe, however, render it possible to calculate the vapour density
of the pure acid at different temperatures and pressures. We accordingly made a
determination of the vapour density of the acid employed by us with the following
results :—

Weight of liquid, 00755 grm. Volume of vapour, 798 cub. centims.
Temperature, 100°66. ' Pressure, 2403 millims.
Found, 45°73. Calculated (R. and Y.), 45°8.

The observations for viscosity gave :——

Left limb. Right limb.

Temp. Press. Corr. 7. Temp. Press. Corr. 7.
1323 12879 000028 | 013577 1370 12873 *000028 ‘013605
21-90 12868 *000031 011761 2193 12860 000032 011761
30-87 12863 *000036 010247 3086 12854 -000036 010257
39-91 128:59 -000040 *009026 3985 12847 -000040 009037
48350 12851 *000045 008055 4845 12842 000045 008059
57-46 12833 *000049 007201 5745 128-39 000049 ‘007221
6315 12859 *000055 *006373. 6806 128-50 -000055 006383
7660 12860 *000060 005807 7672 19847 000060 005800
8452 128-64 000064 005338 84r55 12852 000064 "005344
9396 12872 *000070 004844 9399 12860 000070 004845

10390 12890 000076 004409 10189 12870 000075 004490

112-47 12892 -000081 004067 112-67 12883 -000081 004056

For the relative density we have adopted the mean of the clogely concordant values
of Roscor, Lanvorr, OupeMANS, and ZANDER, viz., d (0°/0°) = 1°0711, and for the
thermal expansion the mean of the formule given by Korr and ZANDER :

V =14 0,106001¢ -+ "0,15479¢* + *0,102597¢5,
Taking
g =-010252 75 = -004062  , (calculated) = 006453
£, = 30786 by = 11257 t, (from curve) = 6712,

Il

we obtain the formula
267814
M (112207 + o’

which gives values which agree closely with those obtained by observation at
temperatures above 30°.
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’)]o
Mean temp. Difforence.
Observed (mean). Calculated.
30-86 01025 01025 -00000
39-88 00903 -00905 + 00002
4847 -00806 -00808 + 00002
57'46 00721 00723 + -00002
6810 -00638 *00638 -00000
7666 -00580 00580 -00000
84-53 -00534 *00534: -00000
93:97 00484 00486 + 00002
102-89 ‘00445 00445 *00000
11257 *00406 -00406 -00000

Propionic Acid. CH,CH,.COOH.

A sample of the pure acid received from Dr. PErRkIN was distilled, and the portion
boiling between 14052 and 14065 ,was collected separately. = = 105, t = 32°5
(emergent column). Bar. 7581 millims. Corrected and reduced b.p. = 140°76,

The observations for viscosity gave :

Left limb. Right limb.
Temp. Press. Corr. 7). Temp. Press. Corr. 7.
4r54 12866 -000026 014076 486 12862 -000026 *014008
1683 12861 -000031 ‘011504 1691 12852 *000031 ‘011508

2819 128-87 000036 009790 2823 12880 000036 009785
4004 128-96 000041 008387 4005 128-85 -000041 -008399
52:04 12871 000047 007280 5202 12857 000047 007297

6360 12881 000052 006423 63-67 12869 *000052 -006423
76:35 128-87 000058 *005644 77:05 12877 000058 *005604
8894 128-88 000066 *004989 90-19 12879 -000066 -004939

101-04 12849 000071 004478 100-99 12839 |- 000071 004481
112-98 12843 000077 ‘004034 112-98 12832 -000077 -004033
112:37 12832 000077 -004049
12363 128-37 -000083 003676 123-71 128-30 000083 003679
137:02 12842 000091 003297 137-09 12845 *000091 003294

100-47 128-52 -000071 *004:508 100-08 128-58 -000071 004521
113-04 12846 -000078 004026 113-07 12841 000078 *004027
125-33 128-37 000084 003633 12541 12833 -000084: 003623
13590 128-26 -000090 003322 15628 128-21 -000090 003321

After the observations were finished it was discovered that a minute quantity of
the mercury of the thermometer had distilled up into the vacuous space. It was
considered desirable, therefore, to repeat such of the observations as might possibly
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have been affected by this circumstance. The repetition of all above 100° showed,
however, that the distillation which had occurred was too insignificant in amount to
influence the results. In all subsequent observations over 100° the thermometer was
inverted and replaced in the bath just before the observation of temperature.

Observations of the thermal expansion of propionic acid have been made by Korp
(‘ Annalen,” 95, 309), by Prerre and Pucmor (‘ Annales de Chimie et de Phys., 4,
28, 71), and by ZANDER (‘ Annalen, 224, 91). As the results are very concordant,
the mean value of the different expressions has been employed. TFor the relative
density we have adopted d (0°/0°) = 1'0170, the mean of the values given by Korp,
Laxport, LINNEMANN, and ZANDER.

Taking
7 = 014042 7y = 003295 7, (calculated) = 006802
t, =470 ty = 137°:05 t, (from curve) = 58°:30,
we obtain the formula
105-746

N = (109.53~Ivt)1'881-0 ’

which gives the following calculated values :—

’)].
Mean temp. : Difference.
Observed (mean). Calcunlated.

470 01404 01404 *00000
16-87 01151 01156 + ‘00005
2821 00979 *00987 + 00008
40-04 *00839 -00845 + 00006
52:03 00729 00731 + +00002
6363 00642 00641 — +00001
7670 *00562 00559 — 00003
8956 *00496 *004:93 — 06003

101-01 ‘00448 00444 — +00004
112-98 00403 00400 — 00003
112-37 00405 *00402 — 00003
12367 00368 ‘00366 — +00002
137-05 *00329 *00329 *00000
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Butyric Acid. CHg.(CH,),.COOH.

From Dr. PErrIN. It was found to boil at 161°5. = = 295, t = 28° (emergent
column). Bar. 759'5 millims. Corrected and reduced b.p. = 162°:02.
The observations for viscosity gave :—

Left limb. ‘ Right limb.
| v
Temp. Press. Corr. 7. r Temp. Press. Corr. 7.
326 128-62 *000016 021257 | 316 12854 -000016 021306

1801 12844, -000021 ‘015907 18:03 12842 000021 015921
31-84 128-81 *000027 012624 31-82 12866 *000027 ‘012643
44:53 128-83 000032 010474 | 44de45 12873 000032 '010498
59-40 128-89 000038 008587 59-39 128-78 *000038 008604
7325 12825 *00004:4 007277 7347 12820 *000044: 007268
86-56 128-20 *000050 006274 8654 12812 *000050 006276
101-49 128-45 000057 005367 101-60 12840 *000058 005368
11542 12849 000065 *004689 11506 12848 *000064: ‘004705
13029 128-29 *000073 ‘004075 1 13023 128-27 *000072 "004087
14497 12823 -000081 003583 1| 144-97 12815 -000081 003579
15578 128-22 -000087 ‘003267 | 15574 128-12 -000087 ‘003266

The relative density of butyric acid has been frequently determined, and there
seems little reason to prefer any one value to the exclusion of the others from among
the concordant observations of DrrrTs, PrerrE, MENDELEEFF, LANDOLT, LINNEMANN,
and BrRtHL. We have, therefore, adopted the mean of the different results, namely,
d (0°/0°) = 09786, which is almost identical with the observations of LanpoLT and
BriumL. -

For the thermal expansion we have taken the means of the very concordant obser-
vations of PIERRE (‘ Annales de Chimie et de Phys.,” (3). 31, 127), and XANDER
(‘ Annalen,” 234, p. 91).

Taking

7, = 021282 75 = 003267 7, (calculated) = 008338
t, = 3°21 ty = 155°76 to (from curve) == 61787,
we obtain the formula
—. - 195765
T (04462 4 £y ?

which gives the following calculated values :—

MDCCCXOIV,—A. ‘ 3 U
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Mean temp. Difference.
Observed (mean). Calculated.

321 02128 02128 00000
18:02 01591 01607 + 00016
31:83 ‘01263 ‘01273 + +00013
44049 ‘01049 01055 + 00006
5939 00860 00361 4+ +00001
7336 ‘00727 00724 — +00003
86:55 00628 ‘00623 — 00005

10155 00537 00531 — +00006
115-24, 00470 00465 — +00005
13026 .00408 00405 — 00003
144-97 00358 00357 — 00001
15576 00327 00327 00000

From Dr. Prrxin. On distillation the sample boiled between 152°5 and 154°.
Bar. 7515 millims.

Isobutyric Acid.

n = 23°2, t = 81° (emergent column).

(CIL,),CH.COOT.

Corrected and reduced

Bar. 746°1

b.p. = 15403, A second observation of the boiling-point in another apparatus gave
as the boiling-point limits 15274 and 154°3. n = 28°0, ¢t = 27%5.
millims.  Corrected and reduced b.p. = 154°:00.
The observations for viscosity gave :—
Left limb. Right limb.
Temp. Press. Corr. 7. Temp. Press. Corr. 7.
371 12863 -000019 017584 368 128-58 000019 017626
16-97 12860 000024 013827 17-04 128'50 *000024, 013830
2931 12855 *000029 ‘011379 2936 128-47 000029 ‘011365
42-54 128-37 000035 *0094:50 42-52 128-30 000035 009456
54031 128-61 *000040 008123 54:77 128-56 -000040 008096
70-48 12857 *000047 006729 70-51 12853 *000047 006756
8808 12872 000055 005592 88-04 12864 -000055 005605
9907 | 12857 | ‘000061 | 004977 | 9882 | 12854 | 000061 | ‘005004
109-56 128-36 -000066 ‘004512 110-00 128-35 000066 004496
121-04 12833 000072 004057 || 12090 128-27 -000072 004074
13452 128-55 *000080 ‘003608 134-48 12848 000080 ‘003610
14756 12839 -000087 003223 14777 12828 *000087 003231
96-49 12861 -000060 ‘005119 9643 12856 000060 005118
107-71 12857 000065 -004602 107-54 128-49 000065 -004606
122-16 12858 -000073 004027 122-50 12849 000073 004012
135-37 128-55 -000080 003588 13547 128-48 -000080 ‘003582
147-21 12857 *000087 003244 147-45 128:47 -000087 *003239

The repetition of the observations from about 100° upwards was made in conse-
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quence of a minute quantity of the mercury of the thermometer having distilled into
the vacuous space (comp. p. 511). In the second series the thermometer was
inverted and replaced in position just before the observation of temperature and
flow. The second set of observations lie exactly on the curve which expresses the
first series ; no sensible error in the determination of the temperature had therefore
been made.

In reducing the observations we have employed for the thermal expansion the
mean values obtained from the concordaut results of PierrE and Pucmor (¢ Annales
de Chim. et de Phys.,’ (4) 28, 366), and of ZANDER (‘ Annalen,” 224, 91).

For the relative density we have adopted d (0°/0°) = 09670, the mean of the
closely agreeing values given by Pierre and Pucmor, LinNemanN, BrouL, and
MARKOWNIKOFF.

Taking

7, = 017605 7y = 003234 7, (calculated) = 007545
t, = 3”69 by = 147°47 ty (from curve) = 60°°62,

we obtain the formula
- 21241
(10463 4 £)p0s

H

which gives the following calculated values :—

'Y].
Mean temp. Difference.
Observed (mean). Calculated.

3.69 01761 01761 00000
17-:00 01383 ‘01386 + 00003
29-33 01137 ‘01150 + 00013
42-53 00945 *00952 + -00007
54r 54 ‘00811 00814 + 00003
70-49 00674 00672 — 00002
8806 00560 00544 — 00016
98-94 00199 00497 — 00002

10978 00450 00448 -- *00002
12097 00407 00404 — 00003
134-50 00361 0030 — 00001
14747 *00323 *00323 00000

9646 00512 00509 — 00003
107-62 -00460 ‘00457 — 00003
122-33 00402 00399 — 00003
13542 00359 00357 — 00002

3Uu2
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OXIDES.
Acetic Anhydride.  (CH, CO),0.

A large quantity of this liquid was shaken for a few minutes with phosphoric oxide
and distilled. It boiled between 138°:50 and 138°77. Bar. 749'5 millims. Corrected
and reduced b.p. = 139°13. '

Observations for viscosity gave :—

Left limb. Right limb.

Temp. Press. Corr 7 Tomp. Press. Corr. 7

019 132-09 000033 | 012379 018 131-99 -000033 012376
1252 13214 -000040 -010067 12°53 132:04 ‘000040 ‘010078
2413 132-16 *00004:7 008509 24-08 132:03 000047 *008524
3543 132-03 000054 ‘007333 3538 13191 000053 007347
4813 132-22 *000061 006296 4817 132-08 000062 -006299
6040 132-36 *000069 *005506 60-38 132-23 *000069 ‘005505
71-05 18245 -000076 004941 7104 13231 *000076 ‘004941
8440 13290 ‘000085 -004339 8444 132:78 000085 *004:345
9508 133:37 -000092 ‘003936 9510 13326 *000093 *003939

10892 131:52 *000100 003513
12023 13145 000108 ‘003198 120-23 131-34 000108 ‘003199
13343 13146 ‘000116 002893 || 13336 131-35 ‘000116 *002892

i

In reducing the observations we have employed Korr’s value d(0°/0°) = 10969
for the relative density, and his expression

V =1+ 00,105307¢t 4 0°0,18389¢* 4- 0°0,79165¢*

for the thermal expansion (‘ Annalen,” 94, 295).
Taking
7, = 0123774 Ny == ‘002893 7, (calculated) = 005984
t, = 018 ty = 133739 ty (from curve) = 52°'64,

we obtain the formula
_. . 2ris
7]t - (97.10 + t)1'6851 ’

which gives results in good agreement with the observed values.
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’I’q
Mean temp. Difference.
Observed (mean). Calculated.

018 01238 01238 -00000
1252 01007 ‘01012 + ‘00005
24-10 00852 00856 + 00004
3540 00734 00735 + 00001
4815 00630 *00630 *00000
6039 - 00551 00550 — 00001
71:04 00494 00492 — 00002
84r42 . 00434 00433 -- 00001
9509 00394 -00393 — 00001

10892 00351 00350 — 00001
12023 *00320 00319 — 00001
133-39 -00289 00289 -00000

Propronic Anhydride. (CH,; CH,CO),0.

A quantity of this liquid, obtained from Kamrsaum, was shaken with a small
quantity of phosphoric oxide for a few minutes, decanted and submitted to fractional
distillation. The portion employed for the observations boiled between 168°:30 and
169°:25. Bar. 7651 millims. Corrected and reduced b.p. = 168 56.

The observations for viscosity gave :-—

Left limb. Right limb.
Temp. Press. Corr. 9. Temp. Press. Corr. 7.
045 132-85 -000024: 015918 0-49 132-75 *000025 015923-
14-71 132:92 -000032 012187 14-69 13282 ‘000031 ‘012207
2998 132:87 *000039 009559 29°96 13280 *000039 009581
44-83 132-€38 *00004.7 007790 4489 132:72 -000047 007797
5948 132:78 -000056 006509 5956 132-70 -000056 006509
7492 132:38 000065 005492 74,82 13229 000064 005497
94-88 132-38 000077 *0044:98 9486 132-29 ‘000076 004507
104-50 13311 *000083 004119 104-55 13305 -000083 *004:124
119-54 133:02 *000092 *003603 11960 13294 *000092 003613
13459 132:91 *000102 003187 134-71 13284 *000102 *003194
14866 132-91 000111 -002864: 14866 132:82 000111 *002869
164-56 132'71 000121 002545

In reducing the observations we have employed the value d(0°/4°) = 10336 for
the density, and the expression

V=14 00,109109¢ + 0°0,38295¢* 4 0:05651461¢

for the thermal expansion (Taorpe and L. M. Jongs, loc. cit.).
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Taking
7, = 015921 Ny = ‘002867 7, (calculated) = '006755
£, = 0°-47 ty = 14866 t, (from curve) = 5632,
we obtain the formula
| G T
= (85011 4 £y’

which gives the following calculated values :—

’)7.
Mean temp. Difference.
Observed (mean). Calculated.

047 01592 ‘01592 00000
1470 01220 012256 + *00005
29:97 00960 *00960 00000
44-86 -00780 *00780 -00000
5952 00651 ‘00650 — +00001
74:87 00549 00547 — 00002
94-87 *00450 *00449 — +00001

104:52 00412 00410 — 00002
11957 00361 -00360 — 00001
134-65 -00819 00319 -00000
14866 -00287 *00287 *00000
164-56 00254 -00256 + 00002

Ethyl Ether. CH,.CH,.0.CH,.CH,,

Two independent preparations of ethyl ether have been made use of in our
observations on the viscosity of this substance.

The first, made specially for us by Professor DunstaN, after standing in contact
with sodium wire for a day was distilled. It boiled completely between 34°:3 and
350 ; on redistillation the greater portion boiled between 84°5 and 34°7. Bar.
7643 millims. Corrected and reduced b.p. = 34°48.

Vapour density :

Found, 36:66. Calculated, 87:00.

The ok servations for viscosity gave :—
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|
Left limb. Right limb.

Temp. Press. Corr. 7. Temp. Press. Corr. 7.

674 12848 000094 *002664: 664 12843 060094 002671
6-89 128-37 *000094 002660

949 128-43 ‘000096 002590 946 128-38 *000096 002599
1181 128-29 000097 002534 11-81 128-24 000097 *002530
1424 128-28 000099 002472 1419 128-20 *000099 002478
17-16 128-70 000101 ‘002409 17:09 128:66 000101 ~002411
19-61 128-52 000103 002350 19-59 12854 *000103 002352
21-81 128-47 ‘000104 002314 21-84 128-41 000104 «002310
2434 128-43 000106 002255 24-36 12837 -000106 002254
2546 128'33 000107 -002233 2544 12836 ‘000107 ‘002233
27-24 12829 000108 002201 2721 128-27 000108 002202
29-04 12824 ‘000109 *002165 2891 12820 000109 ‘002165
3024 128-18 000110 "002140 3021 12816 *000110 -002138
3204 12828 000112 002096

In reducing the observations we have employed Korr’s value d (0°/0°) = 0:73658
for the relative density, and his expression '

V=1 + 0:0,148026¢ + 0'0,350316¢* 4 0°0,27007¢3

for the thermal expansion (‘ Pogg. Ann.,” 72, 1 and 223).

We are indebted for the second sample of ether to Dr. PERKIN. After standing
for a night over sodium wire it was distilled ; it boiled completely between 84°-8
and 85°'8. Bar. 7680 millims. Corrected and reduced b.p. = 85°0.

The shight difference in the boiling point of the two samples may be due to super-
heating. It is noteworthy that Tamman (Wied. ¢ Ann.’ 32, 683) and BECKMANN
(‘ Zeits. f. physik. Chemie,’ 4, 536), independently, found very great difficulty
in obtaining ether of a constant vapour pressure.

A determination of the vapour density of Dr. PERKIN’S sample gave 36°88,
Clalculated, 37-00.

The observations for viscosity gave :—
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Left limb. Right limb.

Temp. | Press. Corr. 7 Temp. | Press. Corr. 7.
724 99-95 *000074 002658 711 99-89 *000074; 002662
9:60- | 9991 *000075 *002593 949 99-90 *000075 002598

1174 9991 *000076 "002537 11-69 99-85 *000076 002544

13-84 99-95 000078 *002485 13-81 99 89 -000078 002492

1501 9999 | -000079 *002437 15-86 99-93 *000079 ‘002440

18:06 9997 “000080 002387 18:04: 9990 *000080 002392

2056 99-90 000082 002332 20-54 99-83 -000081 002336

2313 | 9985 -000083 002274 23-06 9979 -000083 -002277

24-81 99-82 *000084 -002244 24094 99-73 *000084 002242

2704 | 9982 000085 *002196 27-04 9975 *000085 002197

29:26 | 10001 -000087 *002150 29-36 99-97 -000087 "002154

31-14 | 100-02 -000088 002116 31-14 99-94 -000088 002119

20172 | 12848 *000103 -002341

2196 | 12860 *000104, 002317 2182 | 12851 “000104 002310

2604 | 12860 *000108 002225 2602 | 128'51 -000108 002224

In reducing the observations we have employed the same values for the density
and thermal expansion as in the reduction of the first series.

Taking mean values from the two series of observations we get

7, = 002664
t, = 6°93

UE!
2

= 002128
= 30768

from which we obtain the formula

7y {calculated) = 002381

ty (from curve) == 1835,

3:8307

which reproduces the observed values in both cases with great accuracy :—

Sample L Bample TI.
7.
Mean Difference. %V[ean Difference.
temp. | pgerved Cale emp. Observed Cal
(mean). e (mean). ate.
669 002668 ‘002670 -+ -000002 717 002660 002657 — 000003
6°R9 002660 002665 + 000005 954 ‘002595 ‘002594 — 000001
647 1002594 ‘002596 + 000002 1171 002540 ‘002539 — 000001
1181 ‘002532 002536 - 000004 1382 002489 002487 — 000002
1421 ‘002475 002477 -+ 000002 15:88 1002438 002438 000000
17:12 ‘002410 002409 - +000001 1805 002389 ‘002388 — 000001
19:60 ‘002351 002353 -+ 000002 20°55 002334 ‘002332 — 000002
2182 002312 002305 — 000007 23:09 002276 ‘002278 -+ +000002
24:35 002254 1002252 — 000002 24087 002243 002241 — 000002
2545 002233 002230 — 000003 2704 ‘002196 ‘002198 + 000002
2722 002201 002194 000007 29-31 ‘002152 002154 + 000002
28:97 002165 002160 — 000005 3114 ‘002118 002120 -+ 000002
30:22 002139 ‘002137 — 000002
32:04 002096 002103 000007




BETWEEN THE VISCOSITY OF LIQUIDS AND THEIR CHEMICAL NATURE. 521

ArovATic HYDROCARBONS.
Benzene. C H,,

A :ample of carefully purified and thiophen-free benzene which had stood over
sodium wire for many months, was distilled. It boiled completely between 80°:04
and 80°14. Bar. 757°4 millims. Corrected and reduced b.p. = 80°:2.

Determination of vapour density :—

Found, 38:63. Calculated, 39-00.

The observations for viscosity gave :—

Left limb. Right limb.

Temp. Press. Corr. 7. Temp. Press. Corr. 7.

764 12812 -000040 -007889

771 12821 -000040 007881 765 12810 *000040 -007889
1344 128-07 -00004:3 007169 13-49 12798 *00004:3 ‘007175
19-39 127-84 000047 006539 19-39 127-99 *00004:7 006550
26-01 12806 -000051 005943 2591 127-97 000051 005950
3206 12810 000055 005469 3209 12802 000055 005471
3854 128-37 -000060 *005013 3841 128-30 -000060 ‘005029
4536 128-35 -000065 004615 4534 128-24 000064 004616
5169 12834 *000069 004284 51-64 128-27 -000069 *004:286
57-36 | 12834 000073 -004016 57-39 128-26 -000073 004017
63-29 128-37 *000077 003766 63-29 128:30 000077 003767
69-41 12828 *000081 ‘003534 6941 128-22 000081 003537
75'36 12819 -000085 -003329

Observations on the thermal expansion of benzene have been made by Korp
(‘ Jahr.,” 1847-48, 66); LoucUININE (‘ Ann. de Chimie et de Phys.,” 4, 11, 465, 1867);
ApRrIENZ (‘ Ber., 1873, 441) ; Pisatr and PaTerNo (¢ Chem. Soc. Trans.” (2), 12, 686) ;
and LacmowIcz (¢ Ber.” 21, b. 2206). As Korp's values approximate very closely to
the mean of all the other observations, they have been made use of in the reduction.
His expression for the thermal expansion is

V =1 4 0,117626¢ + ‘0,127755> + 04806484,
We have also employed his value d (0°/0°) = 0'89911 for the density.
By taking

7, = *0078903 ng = ‘003329 7, (calculated) = 005125

t, = 7°67 ty = 75736 t, (from curve) = 3685,
MDCCCXCIV.—A. 3 X
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we obtain the formula
8:8415

which gives results in close agreement with the observed values.

n,

')7.
Mean temp. Difference.
Observed (mean). Calculated.

767 +007890 007899 -+ 000009
1346 ‘007172 ‘007178 + 000006
19:39 ‘006544 ‘006546 -+ 000002
2596 005946 005945 — 000001
32:07 ‘005470 ‘005464 — 000006
3847 ' 005021 ‘005025 + 000004
4535 ‘004615 004614 — 000001
5166 ‘004285 004284 — +000001
5737 ‘004017 ‘004017 +000000
6329 ‘003767 ‘003768 4+ 000001
6941 ‘003535 ‘003536 + 000001
7536 | 003329 ‘003332 4 -000003

|

Toluene (Methyl benzene). CgH,.CH,.

We are indebted to Dr. PERkIN for the sample of this hydrocarbon which has
served for our experiments. It was prepared from pure sodium parasulphonate.
Placed over sodium wire and distilled, it boiled between 11037 and 110°:40.
Bar. 7566 millims. Corrected and reduced b.p. = 110°56.

Determinations of its vapour density gave :—

Found, I. 4667 ; II. 46-44. Calculated, 46°00.

The observations with the glischrometer gave :—

Left limb. ' Right limb.

Temp. Press. Corr. 7. Temp. Press. Corr. 7.

0-27 104-23 000034 007648 025 10414 000034 007663
9-89 104-21 000039 006675 988 104:10 *000039 006691
19-52 104-18 000043 005893 19-42 104:11 -00004:3 005906
30-28 104-21 *000049 005183 30-22 104-10 -00004:9 005186
39-88 104-24 000053 ‘004666 39-84 104-13 000053 004669
49-43 104-29 *000061 004218 49-44 10418 000061 004219
60-17 104-32 -000064: 003797 60-20 104-23 *000064: 003801
6913 104-35 000068 -003501 6914 104-28 *000068 003505
80-62 10319 000074 003162 8057 103-14 *000074; 003165
91-72 103:17 000079 -002880 9176 103-07 *000079 002875
99-92 103-07 -000083 ‘002695 99-99 102-99 -000084: 002694
107:06 102-93 000087 002554 || 107°10 10287 -000087 002554
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In reducing the observations, PERKIN'S value d (4°/4°) = 0-8817 for the relative
density (* Chem. Soec. Trans , loc. cit.), and LoucUuiNINE'S values (‘ Ann. de Chim. et
de Phys.,” 4, 11, 468) for the thermal expansion were adopted.

Taking

N, = 007655 13 = ‘002554 7y (calculated) = 004422,
¢, = 0726 ty = 107708 t, (from curve) = 44°88,

we obtain the formula
18954

N = (112.99 + t)1'6522 ?

which gives results in good agreement with the observed values :—

U

Mean temp. Difference.

Observed (mean). Calculated.
0-26 007655 "007655 *000000
9-88 006683 *006691 + -000008
1947 -005900 *005909 + 000009
30-25 *005184 005193 + 000009
39-86 004667 *004664 — *000003
4943 *004219 ‘004219 -000000
60-18 003799 *003795 — +000004
6913 003503 *003492 — +000011
8059 ‘003164 *003157 — +000007
9174 *002877 002878 + -000001
99-95 002695 002697 + 000002
107-08 002554 ‘002554 *000000

Ethyl Benzene, CgH,.C,H,.

A quantity of this hydrocarbon, obtained from Karmpaum, was placed over
sodium for a couple of days and then submitted to careful fractionation. The
portion boiling between 185°25 and 136”25 was re-distilled, and the fraction boiling
between 185°:85 and 186°09 was collected separately and digested with sodium
wire for four days and again distilled. The greater portion boiled between 136°15
and 136°27, Bar. 7663 millims. Corrected and reduced b.p. = 185%9.

Determination of its vapour density :

Found, 52°93. Calculated, 53°00.

The observations for viscosity gave :—

3 X 2
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Left limb. Right limb.

Temp. Press. Corr. 7. Temp. Press. Corr. .

0+40 102-43 000029 ‘008690 043 10233 -000030 -008697
11-46 102-46 *000034: 007436 11-37 10234 *000034 007452
21-70 102-55 *000039 ‘006528 2163 102-46 -000038 ‘006543
32:86 102-65 000043 005722 3295 10254 *00004:3 005725
4717 102:55 -000050 004904 4705 102-51 *000050 004919
60-52 102-42 *000056 004297 60-51 102:35 *000056 004305
7389 102-97 -000062 ‘003801 7373 102-88 -000062 003813
8360 | 10299 *000067 ‘003496 8365 102-91 000067 -003490
9560 102-81 000073 003162 9560 102-74 000072 -003161

107-68 102-70 000078 002873 || 10826 102:57 *000078 002864
119-14 102-73 -000084: 002627 119-24 102-69 000084 002628
13140 102:78 | -000090 *002405 13141 102-71 000090 *002409

In reducing the observations, we have employed WEGER'S expression for the
thermal expansion—

V =1 + 0,86172¢ + ‘0,25344 — *0,18319¢5,
and the relative density d (0°/0°) = 08832 (‘ Annalen,” 221, 67).
Taking
7, = 008693 g = 002407 7, (calculated) = 004574
t =041 1, =131%4 t, (from curve) = 54°:10,

we obtain the formula,
© 41215

“7¢ = (12168 + t)1‘7616 ’

by means of which the caleulated values given below are obtained.

’l].
Mean temp. : Difference.
Observed (mean). Caleculated.

041 ; ‘00869 ‘00869 ‘00000
11-41 ‘00744 ‘00750 + 00006
21:66 ‘00654 ‘00655 + 00001
32:90 ‘00572 ‘00576 4+ 00004
4711 ‘00491 00491 00000
6051 © 00430 00427 — +00003
7381 ‘00381 ‘00379 — 00002
8362 00349 00348 — 00001
9560 ' ‘00316 ‘00315 — 00001

10797 00287 . 00286 — 00001
11919 ‘00263 00263 00000
13140 ‘00241 00241 00000
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Ortho-aylene (Ortho-dimethyl benzene). CyH,(CHg)y(1:2).

Two specimens of this hydrocarbon were employed in the determination of its
viscosity. The first was prepared for us by Dr. G. T. Moopy from WrrTE’s “ pure”
ortho-xylene. The hydrocarbon was sulphonated with ordinary sulphuric acid, and
the product converted into the barium salt, and ultimately into the sodium salt,
which was then repeatedly crystallised from water. The pure sodium salt, which
forms large, characteristic plates, was hydrolysed by mixing it with sulphuric acid
and injecting steam into the solution. The hydrocarbon thus obtained was dried
over sodium and distilled, the first and last portions of the distillate being collected
apart.

The middle fraction was placed over sodium wire for about a fortnight and again
distilled. It boiled between 14400 and 144°08. Bar. 759'1 millims. Corrected
and reduced b.p. = 144°:09.

The determination of the boiling-point was subsequently repeated. The hydro-
carbon was found to boil at 144°35 under a barometric pressure of 7662 millims.
Corrected and reduced b.p. = 144705.

Observation of vapour density :—

Found, 52°59. Calculated, 53-00.

The observations for viscosity gave the following results :—

Left limb. Right limb.
Temp. Press. Corr. | 7. Temp. Press. Corr. 7.
045 10278 *000024 -010927 054 102-65 *000024 010928

13-87 102-70 -000029 -008805 13-89 10262 | -000029 008814
2653 10296 *000034 -007379 2655 105:25 -000035 007386
39-835 102-95 -000040 006279 3932 102:85 000040 006284
5192 103-00 *000046 ‘005437 5197 102-89 000045 ‘005441
6540 103-02 ‘000051 004728 6542 10294 000052 004735
7878 10314 000058 004156 7879 103-03 000058 ‘004159
90-82 103-22 000063 003726 90-82 10313 000063 003733
101-80 103-38 000068 003403 10176 103-35 *000068 003403
116-49 103-40 -000076 -003023 11674 10331 000075 003015
128-33 10344 -000081 002762 127-98 10331 000081 002769
140-99 10344 -000087 002519 || 14129 10335 000087 002515

In reducing the observations, PINETTE’S expreésion for the thermal expansion,
V=14 0,91734¢ + -0,13245¢ +- *0,19586¢,

and his value for the relative density, d (0°/0°) = 0'8932, have been employed
(¢ Annalen,” 243, 50, 1884).
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As the boiling-point of the ortho-xylene employed (144°07) is nearly 2° higher
than that usually assigned to this hydrocarbon, Dr. Moopy was good enough to
prepare a second sample from the sulpho-chloride. This was reconverted into the
acid by boiling with alcohol, and the acid was afterwards hydrolised. The hydro-
carbon was dried over sodium wire and distilled. It boiled between 143°75 and
144°02. Bar. 7576 millims. Corrected and reduced b.p. = 144°01.

It will be observed that the boiling-point of the second sample is almost identical
with that of the first.

An observation of its vapour density gave :—

Found, 52°88. Caleulated, 53'00.

Observations on the viscosity of the second sample were made with the following
results :—

Left limb. Right limb.

Temp. Press. Corr. 7. Temp. Press. Corr. 7.

085 10341 000024 010969 0.35 103-34 *000024. ‘010978
13-04 103-47 000029 008936 12:97 103-37 *000029 008950
26:97 10854 000035 007337 26-80 10344 -000035 007358
3873 103-57 *000040 ‘006313 3873 103-49 -000040 006323
5118 10340 -000045 005483 51-13 10335 -00004:5 -0054.88
6595 103-22 000052 1004695 6589 103-16 ‘000052 004703
7746 103-13 000057 004203 7750 103-07 000057 *004205
90-32 103-02 000063 003741 90-42 102:96 ‘000063 003740

100-68 102:73 000067 ‘003430 100-75 10265 -000068 003428
11567 102-54 000075 *003032 115-64 10247 *000075 -003036
12875 102:37 000081 002748 12863 102-31 000080 002749
139-89 102-23 000086 002533 139-90 102-17 -000086 -002536

In reducing the observations the same values for the relative density and thermal
expansion were used as in the first series.

On plotting the results, the observations on the second sample are seen to be
practically identical with those of the first. For temperatures up to 20° those of the
second are about 01 per cent. greater than those of the first ; from this point up to
about 100° the curves are absolutely coincident ; from 100° up to the boiling-point the
observations of the second series are about 0°3 per cent. less than those of the first.

The case is interesting as showing the practical identity of the two samples, and as
proving that a substance prepared in totally different ways may be obtained in a
condition so closely approximating to absolute purity that the degree to which it
may fall short of this ideal state is without appreciable effect on the property we are
measuring.
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Taking
7, = 010950 75 = 002526 7, (calculated) = 005259
£ = 0742 ty = 14052 t, (from curve) = 5505,

we obtain the expression
19-644

”h = (96352 + t)1'6386 ’

which gives values in good agreement with those obtained by observation.

Specimen 1. Specimen II.
1 .
fg:;fm Difference. %é[g?n Difference.
P~ | Observed | Calcu- P Observed | Calcu-
(mean). lated. (mean). lated.

049 01093 01094 + 00001 035 ‘01097 ‘01096 — +00001
13-88 -00881 00885 + 00004 13-00 00894 00896 -+ 00002
2654 00738 ‘00740 + 00002 2688 -00735 ‘00737 4+ 00002
39:33 00628 ‘00629 + 00001 3873 ‘00632 ‘00634 + 00002
5194 00544 00544 00000 51'15 00549 00549 00000
6541 00473 00472 — 00001 6592 00470 00469 — 00001
7878 ‘00416 ‘00414 — 00002 7748 00420 00419 — 00001
90-82 00373 00372 — 00001 9037 ‘00374 00373 — 00001

101-78 00340 ‘00339 — 00001 100-71 -0034:3 00342 — 00001
116:61 00302 ‘00301 — +00001 11565 00303 00303 00000
12815 ‘00276 00276 00000 12869 00275 00275 ‘00000
141-14 00252 ‘00252 00000 13989 00254 ‘00254 00000

Meta-xylene (Meta-dimethyl benzene). CyH,(CHj),(1:3).

We are indebted to Dr. Moopy for a liberal supply of this hydrocarbon. It was
prepared from WirTE’s “ pure” meta-xylene. The hydrocarbon was sulphonated
with ordinary sulphuric acid and the resulting sulphonic acid was recrystallised nine or
ten times from a mixture of two parts of ordinary sulphuric acid and one part of
water. The pure meta-acid was converted into the sodium salt which was thrice
recrystallised. The pure sodium salt was reconverted into the hydrocarbon by
hydrolysis with sulphuric acid and steam, dried over sodium and distilled.

On redistillation, after standing for some time over sodium wire, the meta-xylene
boiled between 137°95 and 138°10. Bar. 744'3 millims. Corrected and reduced
b.p. = 138%8.

Determinations of its vapour density gave :

Found I. 5336 ; II. 52°69. Calculated, 53-00.
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The observations for viscosity gave :—

Left limb. Right limb.

Temp. Press. Corr. 7. Temp. Press. Corr. 7.
021 128-89 000039 -007992 027 12886 000039 ‘007993
11-54 12869 000045 006836 11-50 128-61 000045 006848
23-36 12858 000051 ‘005912 23-37 12853 000051 *005996
37-19 12844 *000059 005062 34-76 128-39 *000058 ‘005194
4872 12832 *000065 004501 4871 12828 *000065 004501
59-94 12811 000071 ‘004043 59-94 128-06 *000071 *00404:6
6035 99-98 000056 ‘004013 60-10 99-92 000056 ‘004046
7116 99-93 000061 -003659 71-24 99-87 -000061 ‘003659
8550 101-25 -000068 003241 87:20 100-26 000068 -003202
9868 100-41 000074 002925 9868 10035 *000074: *002927
109-92 100-47 000079 002687 109-58 100-39 000079 002697
12350 10055 000085 002438 123-56 100-47 -000085 +0024:34
135-25 10055 -000090 002251 13531 10047 -000090 -002252

In reducing the observations we have employed PiNert®’s value for the relative
= 08812, and his expression

density, d (0°/0°)
' V =1+ 0,94866¢ 4 "0,97463t* + 045193313

for the thermal expansion (* Annalen,” 243, 51, 1884).

Taking

il

I

b

= 007992
0°-24

we obtain the formula

N3
2

I

*002251
135°:28

n, (calculated) = 004242
ty (from curve) = 54°88,

19-395

M= (11566 + oo’

by means of which the calculated values given below are obtained.

Mean temp. Difference.
Observed (mean). Calculated.

024 ‘00799 ‘00799 00000
11:52 00684 ‘00636 + 00002
23:36 *00595 ‘00593 — 00002
3597 ‘00513 005 L4 -+ 00001
4871 +00450 *00451 + 00001
5994, 00404 00404 00000
60-27 00403 00403 ‘00000
71-20 00366 100365 — 00001
8635 - 00322 100321 — 00001
9868 100293 00292 — 00001

10975 00269 00269 00000
123-53 00244, -0024:4 00000
135-28 100225 00225 ‘00000
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Para-xylene (Para-dimethyl benzene). CyH,(CHy),(1:4).

We are indebted to Dr. MoopY for a sample of this hydrocarbon. It was prepared
from KAHLBAUM'S “ pure ” para-xylene ; this gave on sulphonation a clean sodium salt,
which was nearly, if not quite, pure. The sodium salt was re-crystallised twice, and
then hydrolysed. The regenerated hydrocarbon was dried and placed in a freezing
mixture. By constant stirring the solid hydrocarbon was obtained in small crystals.
When about half the liquid had solidified, the crystals were separated by a filter-pump
and allowed to drain for over an hour at the ordinary temperature ; the crystals were
then melted and distilled over sodium.

On redistillation, after standing over sodium wire for several hours, the hydro-
carbon boiled between 188°'37 and 138%67. Bar. 7664 millims. Corrected and
reduced b.p. = 138°:23.

Determination of vapour density :—

Found, 52:84.  Calculated, 53-00.

An attempt was made to take the first viscosity observation at 0°35, but although
the para-xylene was liquid to begin with, it solidified shortly after starting the experi-
ment. The crystals began to soften at about 10°, and were completely melted at 15°
After complete liquefaction the temperature was allowed to fall to about 8° and the
first observation was then made.

Left limb. Right limb.

Temp. Press. Corr. 7. Temp. Press. Corr. 5.
8:31 104-15 *000034 007513 825 104-05 *000034 007522
20-52 104-19 *000040 006387 2054 104-12 *000040 *006395
31-20 104-20 000045 . | 005611 3126 10411 000045 005615
41-92 104-21 -000050 *004975 4178 104-11 000050 -004989
5361 104-19 000055 004410 5357 104:10 000055 ‘004415
64-82 104:19 *000061 -003958 6493 104:12 000061 0038956
7738 104-46 000067 *003532 7716 104:35 ‘000067 | . -003536
8888 104-58 000073 003197 8887 10452 000073 -003201
100-81 104-71 *000079 002903 100 87 104:62 "000079 *002902
111-76 104-03 000084 *002665 111-90 103+94 *000084; -002661
123-23 104-15 000090 002447 123-29 104-04 000090 002448
135:19 104-19 000096 002249 13524 104-11 *000096 002247

In reducing the observations, PINETTE’s expression for the thermal expansion,
V =1 +4 "0,97013¢ + -0,8714¢* + -04,5287¢,

and his value for the relative density, d(0°/0°) = 0'8801, have been employed
(‘ Annalen,” 243, 51, 1884). : :
MDCCCXCIV,—-A, 3Y
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Taking
7, = 007517 7y = 002248 1, (calculated) = 004111
¢ == 8728 ty = 135%21 ty (from curve) = 6080,
e

we obtain the formula
327453

(U730 4 T

from which the calculated values given below are obtained :—

7.
Mean temp. Difference.
Observed (mean). Calculated

828 00752 00752 00000
20-58 *00639 00640 + +00001
31-23 00561 00562 + 00001
41-85 ‘00498 *00499 + 00001
5359 00441 00441 00000
64-87 -00396 00395 — 00001
7727 00353 00353 -00000
8887 *00320 ‘00319 — 00001
100-84 *00290 ‘00290 -00000
111-83 00267 00266 — 00001
123-26 -0024:5 *00244: — 00001

© 13521 *00225 00225 -00000

ArcosOLS,

Methyl Alcohol. CHZOH.

A quantity of acetone-free methyl alcohol (from KanrLBAUM) Was converted into the
oxalate by Drrrmar and Fawstrr’s process (‘Trans. Roy. Soc. Edin.,” 33, 2, 510).
After standing for two months over dry potassium carbonate, the product was coho-
bated with quicklime, and allowed to remain in contact with fresh lime for a week.
This process was repeated, and the resulting liquid was put over anhydrous copper
sulphate for ten days; the alcohol, which was coloured bluish-green from the presence
of a small quantity of dissolved CuSO,2CH;OH (Forcraxp, ‘Compt. Rend.,
102, 551), was siphoned off and distilled. It boiled between 65°24 and 65°49;
n = 25%3; ¢ = 28° (emergent column). Bar., 771'7 millims. Corrected and reduced
b.p. = 64°96.

Vapour density :—

Found, 15°72. Calculated, 16-00.

The observations for viscosity were as follows :—
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Left limb. Right limb.

Temp. Press. Corr. 7. Temp. Press. Corr. 7.
351 128-70 *000038 007647 4:04 12867 -000038 007563
975 129-22 000041 ‘006991 9:73 129-14 000041 *006991

14-54 | - 129°06 ‘000045 | .-006402 14-52 12901 000044 006407

19-46 12898 000047 005951 1949 128-89 000048 ‘005952

2542 12865 000051 ‘005492 2542 12857 *000051 005494

3032 12861 ‘000054 005131 3032 128:50 000054 ‘005133

3571 128-55 000058 004767 3574 12848 -000058 004764

40-81 12853 000061 004463 41-01 12845 000061 004451

46-14 12846 -000065 ‘004156 46-07 12840 *000065 ‘004163

5229 12836 *000070 ‘003844 52:29 128:29 -000070 -003847

57-66 12874 000074 ‘003596 5772 12868 000074 *003594

61:56 128-72 000077 ‘003442 6157 12862 -000077 *0034:38

63:26 |+ 12871 000079 003358

531

In reducing the observations Kopr’s value for the relative density, d (0°/4°)
= 0'81796, and his expression for the thermal expansion (‘Jahresbericht,” 1847, 66)

were employed.

There is, however, reason to believe that the methyl alcohol

employed by Kopp was not wholly free from water, in spite of the care employed

in its preparation.
correction by means of the more recent determinations of the relative density and
expansion of methyl alcohol given by Dirrmar and Fawsrrr, but found that the
coeflicients were not affected within the limits of experimental error.

Taking

M
by

we obtain the formula

= 007605

37!

Il

s = ‘003440
ty = 61°36

7, (calculated) = 005115

t, (from curve) = 30°'53,

69408

which gives the following calculated values :—

3 Y 2

N = (.163:93 T t)z-(m)é >

We, therefore, recalculated the value of the kinetic energy
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77.
Mean temp. Difference.
Observed (mean). Calculated.

377 ‘00761 '00761 *00000
874 00699 00703 + 00004
14-53 00641 00644 + +00003
19-47 00595 00598 + 00003
2542 *00549 -00549 00000
30-32 00513 00513 -00000
3572 00477 00477 00000
4091 -004:46 ‘00445 — 00001
4610 00416 ‘00416 00000
5229 *00385 -00383 — 00002
5769 -00360 *00360 *00000
61:56 *00344: *00344: 00000
6326 -00336 -00337 + 00001

Ethyl Alcohol. CH,CH,0H.

A quantity of ““pure” absolute alcohol was boiled with quicklime for eight hours
in a reflux condenser, and decanted on to fresh lime, over which it was allowed to
stand for about a month, again decanted and distilled from freshly burnt lime. It
boiled constantly at 78°:24. Bar. 748'9 millims. Corrected and reduced b.p. = 78°63.

Vapour density :

Found, 22°70. Calculated, 23°00.

The observations for viscosity gave :—

Left limb. Right limb.
Temp. Press. Corr. 7. Temp. Press. Corr. 7.
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