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IOWA ACADEMY OF SCIENCES. 95 

A STUDY OF THE PHYSICAL PROPERTIES OF SOLU­
TIONS OF LITHIUM CHLORIDE IN 

AMYL ALCOHOL. 

BY LAUNCELOT W. ANDREWS AND CARL ENDE. 

There can be no doubt that much light can be thrown upon 
the nature of electrolytic processes by a systematic examina­
tion of electrolytes containing no water; for the principles of the 
Electrolytic Dissociation Theory, if general, must be valid, not. 
only for solutions in water, but also for all others, and conclu­
sions derived from the study of the former can best receive 
independent confirmation or rebuttal by a careful investigation 
of the latter. The questions upon which such an investigation 
should bear are chiefly these: 1. Does Ostwald's Law of Dilu­
tion hold good for non-aqueous solutions? 2. In what way is 
the translation velocity of the ions related to the nature of the 
solvent? 3. Is the relatively high resistance of non-aqueous 
solutions of salts and acids chiefly due to higher internal fric­
tion, or to a lower grade of electrolytic dissociation? 4. Do the 
general physical properties of such solutions point to molecular 
aggregation, to dissociation, or to both? 

Non-aqueous electrolytes have been subjected to investiga­
tion by Kobluko:ff (Zeitschr. f. phys. Chem. 4, 429), W akemann 
(l. c. 11, 49), Wildermann (Z. c. 14, 231 and 247), Schlamp 
(l. c. 14, 272), Vollmer (Diss*., Halle, 1892), Bouty (C. R. 106, 
5!:15 [1888] ), Fitzpatrick (Phil. Mag. (5), 24, 377 [1887]), Vicen­
tini (Mem. Acc. Torino 36 [1884], from Beabl. Phys. Chem. 9, 
131 [1885]), and Andrews (Iowa Acad. of Science, I, iii, 12). 

For such studies it is desirable to select a solvent that can 
be, with relative ease, obtained and preserved free from water, 
and a binary salt which is freely soluble, and whose aqueous 
solutions have already Leen examined electrolytically. 

Further, the solutions must be sufficiently conductive to be 
capable of exact measurement, and the substances employed 

*Unfortunately not accessible to us. 
7 
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96 row A ACADEMY OF SCIENCES. 

should be of such a character as to preclude, so far as possible, 
the occurrence of any chemical reaction. For these reasons 
solutions of lithium chloride in amyl alcohol were selected as 
objects of the present investigation. For each solution the fol­
lowing physical constants were determined: specific gravity, 
specific viscosity, refractive power for sodium light and electric 
conductivity. 

MATERIALS AND METHODS OF RESEARCH. 

The amyl alcohol employed ·was boiled with concentrated 
caustic potash to decompose any compound ethers which it 
might contain, then washed with water and then with a solution 
of phosphoric acid to remove possible traces of organic bases, 
then dried with fused potassium carbonate, and finally fraction­
ally distilled and again dried with amhydrous copper sulphate 
and once more distilled. A sufficient amount of the distillate 
coming over between 130. 5° and 131. 0° was preserved to answer 
ior all the measurements described in the present paper;. so that 
-;the latter are strictly comparable among one another. 

The amyl alcohol prepared in this way had the specifi:c gJraV­

ity D2~;(i0 =.80949, D:3~·~0 =.80571; index of refraction (D line} at 
18.3°=1.40767; specific viscosi.ty=3.50 at 21.1° (water=l);. resist­
.ance at 25° = 4.524Xl07 ohms per cubic millimetrE)., laevo-rotary 
pO"wer for polarized light = l. 95 degrees. 

The lithium chloride was prepared from a carefully purified 
sample of carbonate which showed in the spectroscope kaces of 
.sodium, but no other impurity. Its strongly acid solution was 
evaporated to dryness on the water ba..th, the residue moistened 
with concentrated hydrochloric acid and dried at 110°. By 
<ligestion of this salt with amyl alcohol a concentrated solution 
was made from which all others were prepared. After filtra-

. tion, which was extremely slow, and during which the moisture 
~f the air was, of course, carefully excluded, a knowledge of its 
concentration was arrived at by indep-endent determinations of 
the contained chlorine and lithium, which afforded at the same 
time a needed guarantee that no notable amount of basic salt 
was present. To obtain further evidence on this. point, 5 c.c. of 
the concentrated and perfectly clear solution was shaken up 
with water, colored with the methyl orange, and titrated with 
tenth-normal hydrochloric acid. The :first 0.10 c.c. of the 
latter imparted an acid reaction to the mixture. Therefore 
bas;c salt was either absent or present in quantities too small to 
affect the quantitative results obtained. 
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row A ACADEMY OF SCIENCES. 97 

For the analyses and for dilution, known quantities of the 
solution were obtained by weighing, since the high viscosity of 
solutions of lithium chloride in amyl alcohol, stand in the way 
of accurate measurement by volume. 

Determination of Cl. I. 1.1563 grams of sol. taken. Required 
117.66 c.c. Ag NO:i sol. (of which 1 c.c. == 3.532 Mg Cl)= .0747 
gram Li Cl; . ·. 1 gram sol. contains .0646 gram Li CL fl. 
1.5110 grams of sol. taken. Required 23.00 Cl; AgNO:i sol. 
= .0973 grams Li Cl; . " 1 gram sol. contains .064± gram Li Cl. 

Determination of Li. F'or the purpose of this determination 
the lithium chloride was converted into sulphate after evapora­
tion of the alcohol, every precaution against mechanical loss 
by spirting being observed. III. Taken 3. 3386 grams solu­
tion: obtained .2813 grams., Li2 801=.2177 grams Li Cl. . ·. 1 
gram sol. contains .0648 gram Li Cl. IV. Taken 5.5111 gram 
sol., obtained .4618 gram Ll2 S0,=.3374 grams Li CL . -. 1 
gram sol. contains .OG49 gram Li CL V. Taken 5.0798 gram 
sol., obtained .4261 gram Li2 801=.3298 gram T_,i Cl. . ·. 1 gram 
of the sol. contains .OG19 gram Li Cl. 

The mean of the five determinations gives .OGJ? grams as 
the amount of lithium chloride contained in each gram of the 
solution and the dose agreement of the results as calculated 
from the chlorine with those as calculated from the lithium is 
satisfactory evidence of the absence of foreign substances and 
of lithium oxide. Another nearly saturated solution made and 
analyzed in the same way was found to contain .OGG'll grams 
Li Cl per gram. Accordingto Gooch(Fn1s. Zeit. 2fi, 33G) 1 c. c. 
of a cold saturated solution of lithium chloride in amyl alcohol 
contains .()(36 grams of tlrn salt. 

The first solution mentioned above is of -~~ concentration 
,jj;} 

and from it was made tho _r7 solution by diluting ()J.5023 grams 
with amyl alcohol to 100 c. c. 'rl1e higher dilutions were pre­
pared from the 1 ~1 by mixing, in a stoppered tube made for the 
purpose, having one graduation mark at 50 c. c., and another 
at 100 c. c. The -~i~ and i\- solutions only were independently 
made from the stronger solution mentioned above. All solu­
tions were carefully gnarcled from moisture and several of those 
first examined were again tested at the close of the whole series 
of measurements and found not to haye appreciably altered in 
conductivity. 
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98 row A ACADE:\IY OF SCIENCES. 

SPECIFIC GRAVITY. 

In making the density determinations a Sprengel's piknome­
ter of about lOcc capacity, with thermometer fused in, was 
employed. The thermometer in this instrument was divided 
into one-tenth degrees and fiftieths could readily be estimated. 
The density of every solution was determined at two tempera­
tures, from which that at 25° was calculated by interpolation. 
All weighings are reduced to vaccuo, but no correction is 
applied for varying moisture of the air. 

VISCOSITY. 

rrhe determinations of fluid friction were made by the method 
and with the apparatus described by Ostwald (Lehrbuch, 1891, 
B. I, p. 549). 

The observations for each solution were repeated at several 
different temperatures, above and below 20°0. The time of 
flow at the latter temperature was then calculated by means of 

the interpolation formula V200= Vt0~!;~ in which 

V:i00=time of flow at 20°C. 

t 0 =temperature of the observation. 

Vt 0 =time of flow observed at t 0 • 

k=constant for each solution, its value lying between -1 and 10 accord­
ing to the concentration of the solution. 

Each value for V 20o obtained in this way represented the 
mean result of from foui: to fifteen independent observations, 
based upon the time of fiow of amyl alcohol taken as 100. 

To deduce from these numbers the relative viscosities, each 
must be multiplied by the density found for the same solution. 

In spite of the care taken to secure accurate results, it is 
believed that those actually obtained are only approximate, in 
consequence of the fact that all the solutions exhibited from the 
time of preparation a constantly diminishing viscosity. This 
change was more noticeable in the more concentrated solutions, 
and was not noticed until the series of observations was nearly 
complete. The cause is entirely unknown, but the most likely 
supposition is that a gradual breakdown of more complex 
molecular aggregates at first formed occurs. The phenomenon 
recalls that of '' birota ti on," which has been observed in freshly 
prepared solutions of many optically active compounds. 
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row A ACADEMY OF SCIENCES. 99 

REFRACTIVE PO\VEH. 

Bulfrich's "Refractometer fur Chemilcer" was used for the 
determination of the refractive index for the complete series of 
solutions. Three or four observations, at least, were made upon 
each solution; and the mean used in the calculation of the refrac­
tive power, N = "~1, for sodium light. An inspection of tl~e 
tabulated results (see Table I) sho-ws that the most highly con­
centrated solutions have a lower refractive power than that of 
the solvent, which, however, increases with the dilution until 
at v = 64 a maximum is reached. 

In the last column of the table will be found values for the 
refractive equivalent of the dissolved lithium chloride calcula­
ted by Landolt's formula for mixtures, 

p N = p 1 N1 + p2 N2 , in which 

p = weight Of the solution. 
N =its refractive power. 
p 1 =weight of the solvent. 
N1 = its refractive power. 
p 2 = weight of the lithium chloride. 
N2 = its refractive power. 
Further, for the refractive equivalent, '\Ve assume 

RD= 42. 38 N2. 

The value of RD as deduced from the more concentrated solu­
tions is 14.9. Gladstone found (J.B., 1869, 173) for the refrac­
tive equivalent of Cl, 10.7; for the Li, 3.8; which gives 14.5 for 
the salt-a fair agreement. The values of RD derived from the 
high dilutions are materially affected, of necessity, by accumu­
lated experimental errors, but the latter cannot wholly account 
for the great increase which the table exhibits. 
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100 IOWA ACADEMY OF SCIENCES. 

TABLE I. 

PHYSICAL PROPERTIES OF SOLUTIOCilS OF LITHlUl\1 CHLORIDE r:N AMYL 
ALCOHOL. 

IMOL. CON-
RELATIVE REFRACTIVE DIIJUTION VISCOSITY. 

V=LlTRES p. DUCTIVI- k AMYL AL- DENSITY D~ POWER~ N~ 

PERGRAM TY AT 25° 
COHoL~lOO 40 n-1 

MOL. ,, 
AT 200. -d-

0.537 -.89:l ..... 1.314 0 ...... ..... 
U.775 -.368 0.14 0 00114 .. ... ······· 0.84655 
0.88 .Ul85 O.Zl U.Ou228 614 0 0.&!318 
1.00 o.oou 0.21' 0.0031;:3 52.;.o 0 8;J!J'Z2 
150 .587 0.46 0.006oU 3;9 0 u 8297ti 
2.W l.OOU 0.51 0.006041 2410 0.82438 
4.00 2.001) 0.5s 0.00H7 lo5.6 0.815til 
8.00 3.000 0 61 0.00232 12:~ 6 0.81147 

16 00 4.UO 0.69 0.00152[ 1144 0.80951 
32 00 5 oo 0.81 0.0011181 105 6 o.oos1:~ 
64.00 6.UO 103 o.ouo9~I 102.8 0 80~69 

128.00 7.00 1.34 O.C0085 .............. O.H0726 
2.5ti.Oa 8.00 1.73 0.000•0 .............. 0.80704 
512 01J 9.00 2 22 0.00078 ... ········· 0.80700 

l.0'!4.00 1000 2.b7 0 OVOS7 .............. 0 80706 
2,048.00 1!.0U 3,jO 0 OUOJ7 ····· .. ... 0 8U699 
4,096.00 12.0,1 4.04 0 00111 ....... ... 0.80706 

00 00 4.'i9 [.OOll 100.0 0.8069U 

EXPLANATION. 

v= number of litres which contain 12.:33 gram> of lithium chloride. 

p= log v 
log ~ 

lf~dissociation constant (seep. 100). 
n~refractive index of the solution for sodium light. 
N=refractive power of the solution for sodium light. 
Ro~refractive equivalent of the dissolved Li Cl for sodium light. 
l\lean error of D= J,,.00005. 
Jllean error of N ~"'°.00007. 

CONDUCTIVITY. 

......... 
0.49217 
0.49341' 
0.49419 
0.49690 
0 49824 
0 50043 
0 501~6 
0.50176 
0.502lt 
O.!i0238 
0.50225 
0.50231 
0.50~27 
0.50~5 
0 501H9 
0.50190 
0 502JO 

Re. 

... ii·s:r · 
1495 
14.89 
14.92 
15.08 
16.12 
16.48 
18.24 
243~ 
39.04 
41 
92 

107 
225 

·········· .......... 
......... 

Resistances were determined by Kohlrausch's method, the 
arrangement being that described by Ostwald (Zeit. phys. 
Chem. 2, p 561). In consequence of the high resistance of the 
more dilute solutions, a special electrolytic cell was constructed 
for this research, possessing an unusually low factor of resist­
ance. In this cell one of the electrodes of heavy sheet platinum 
is doubled so as to include the other between its two leaves. A 
number of glass rivets, passing through all three plates and 
fused to them, aid in preserving a constant distance between 
them. They stand in a vertical plane in a glass tube 5. 5 c. m: 
in diameter. This arrangement has been found to answer very 
well, and the conductivity constant (k=S.44 in mercury units), 
showed no material alteration during a period of use covering 
several months. 

All the molecular conductivities were corrected for the con­
ductivity of the solvent. The corrected values are given in 
the following table (I.), and also in the curves (q. v. ). 
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IOWA ACADEMY OF SCIENCES. 101 

In order to cover the whole range of observations without 
drawing the curves upon too large a scale, the abscissro are 
taken proportional to powers of the dilution. Thus, if m = 

'C 0 1.0 2.0 3.0 4.0 5.0; l\Iol. conductivity. 
II 

CIC 100 200 300 400 500 Viscosity. 1000 
.J~ ·JQ 

"'< .001 .002 .003 .oot .005 .006 . 007 Values bf k . 

\ 
--o. __ 

,j;s<O ~Jlt..J ~· ~ 0 -- --- -
/ .-- ---

---~ 
..:. ./ ./ ... 

/ 
/ 

I / _J '~ -·--/ 
/ 

/ 

/ 
/ 

""' 
, / _, 

I -
/ 

/ c a a ... -' " " " !" ., " 
., 

I < < < 
I "!· " (".) 

"' ::::: >-f ~ 

I 
!""' 

;-"' < s· s 
" " "' "' ~ e rl- s ;:; s 
~~ "' ' " '< c 

f \ 
0 -· "' -:= 
" < 2,, "' ro. c "' Q§ I 

'° 
s < ~ 

I 

""' 
;;;· II g. tt 

00 l "' '"' ~1R 
e. ;s~ 

" c 

T 1 <? "' 
• .+ 

°' - ~ "' "' '< ,. c< .+ • 

'° 
I f...~ "' 

r;;· 
< "° " E: ~ "' . 

I 

' 
..... 0 ..... 

I -..,, c ac 
I " '"'" " . " - 8 .+ 

0 l r;; ~ "' I '::., ro s 
' \ 

[fl 

"' " - I ~s s ,.. 
I 15· - \ ' 

sc So " ' ~ "' "' - c c 2,, 
"' \ 

i~ -,.. t: 0 -· 

\>-< :=>g g 
"' 

number of grams of Li Cl per litre, M =molecular weight of 
Li Cl= 42.37, we have m = M(-!)P, in which p is the desired 
convenient measure of the dilution. 

The molecular conductivity for infinite dilution (u,,J was cal­
culated from the conductivity at the three dilutions that seemed 
best suited to that purpose (viz.: v = 16, v = 32, v = 64) by 

rtv ( 2 

the dissociation formula, k ~ I ~.~ f and the mean taken 
·11-- v 1,,,, 

as the nearest attainable approximation to the truth. The value' 
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102 !OW A ACADEMY OF SCIENCES. 

so obtained for 'lt00 was 4. 79, from which the corresponding 
values for k were calculated as recorded in the table. They 
show a fair constancy, in spite of the rather questionable calcu­
lation of the maximum conductivity, for all solutions more 
dilute than : . Above this point they increase rapidly, reach­
ing a maximum at 1~, whence they fall off again very fast for 
the most concentrated solutions. 

For the more dilute solutions the mean value of k is about 
.001. 

The peculiar behavior of k suggests the, a priori very proba­
ble, supposition that in the more concentrated solutions an asso­
ciation of molecules takes place, resulting in the formation of 
Li2 012 or higher aggregates. In order to get more light upon 
this, a series of molecular weight determinations by the boiling 
point method were undertaken, Beckman's apparatus being us.ed. 
The thermometer (by "Geissler's Nachfolger") was divided into 
r."5 of a degree C, and 060 could be estimated with more or less 
certainty. The elevation constant for amyl alcohol was ascer­
tained by a series of observations with solutions of salicylic 
acid. (Confer. Schlamp, Zeit. ph. Chem. 14, p. 278.) 

TABLE II. 

J\TOL. B. PT. ELEVATION OF SALICYLIC ACID IN AMYL ALCOHOL .. 

GRAMS PER 100 OF SOLVENT--g I RISE OF B. PT.-0 MOLECULAR RISE-8. 

- 0.6fiil4 
13296 
2.0218 
2.7760 
3.4736 

0 120 
0.260 
0.400 
0 5:~5 
0.670 

254 
26.9 
27. l 
26 5 
26 7 

26.5 mean. 

MOL. B. PT. ELEVATION OF LITHIUM CHLORIDE IN AMYL ALCOHOL 

lH=S_JL 
. D 

V=LITRES PER G. MOL. OFl1GRAMS PER 100 OF SOLVENT! DI 
SOLVENT. =g RISE OF B. PT.-

~ 6~ 2& 
1 00 5 :i3:J 2 G60 
1.5o 3.5l6 1 872 
2.00 2.650 1.230 
4 00 1.318 .871 
8 00 0.65S .488 

M=S_![__ 
A 

71.5 
69 2 
50. 
57. 
40. 
40. 

These results clearly show that association occurs in the 
more concentrated solutions. 

It is intended to extend the examination, as soon as circum­
stances permit, to the more dilute solutions in order to secure 
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row A ACADEMY OF SCIENCES. 103 

further evidence as to the degree of dissociation occurring 
there. 

The work recorded in the present paper was all completed 
previous to June, 189-!, with the exception of the viscosity 
determinations. 

DISTRIBUTION OF SOME WEEDS IN THE UNITED 
STATES, ESPECIALLY IVA XANTHIIFOLIA, LAC­

TUCA SCARIOLA, SOLANUM COROLINEUM 
AND SOLANUM ROSTRATUM. 

BY L. H. P AMMEL. 

One of the interesting parts dealing with geographical botany 
is the question of the distribution of plants over the earth's 
surface, where man has played an important part. Many 
changes have occurred in the character of our North American 
flora since it has been occupied by man. In many cases it has 
become quite impossible to tell when and where plants were 
first introduced. We have, it is true, in some cases records 
when plants were introduced, but in the vast majority of 
cases there were no records at hand. Early collectors in 
many cases simply mentioned vague localities with dates, 
but say nothing as to whether the plants are indigenous or 
introduced. Papers dealing with the spread of certain weeds 
have been made by several investigators in both Europe and 
America. Franz Buchenau has carefully traced the spread of 
Leersia oryzoicles. L. H. Dewey that of Salsola kali, var. Tragus. * 

Who can attempt to trace the spread of Portu!acca oleracea in 
the United States, or in any given state or territory, or such 
cosmopolitan weeds as Polygonurn aviculare and Planta90 rnajor? 
No one has attempted to record the earliest appearance of these 
weeds in any part of the United States. 

The writer has for several years been interested in studying 
the distribution of several of our weeds. I shall attempt to 

*Russian thistle. Its history as a weed in the United States with au account of 
the means available for its eradication.' Bulletin No. 15, Division of Botany. Vnited 
States Department of Agriculture. p 26. Washington. 1894. 
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