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INTRODUCTION:

This investigation was undertaiten in order to study the dis-
tribution of picric acid between the irmiscible solvents water and venzene
at different concentrations, and to determine the effect upon this equilib-
riw of the addition of successive amounts to sodium chloride and hydromen

chloride to the aqueous phase.

Date of this character is very similar to that relatine to the
affect of added electrolytes upon the solubility of slishtly soluble salts
and the thedretical conclusions which may be drawn are of a similar nature.
Yhe distribution results have, however, advantages over the solubility
data: (i) in the {former tre activity may be varied over = considerable
range, While in the latfer it is fized at en arbitrary value by the solu-
pllity of the salt;,(z) the degree of ionization of the electrolyte used
in the distribution experiments may be more accurately determined, for in
the case of slirhtly soluble salts the ranse over which their cacentration

mey be measured is very limited.

Fieric acid was chosen for these experiments because its degree
of ionization is thaet of & typical electrolyte and because it is one of
«the very few highly ionized substances vhich distribute themselves in a

convenient ratio between water and the more miscible solvent.
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The distribution of yicric acid between water and benzene in the
absence of added electrolytes has been studied by “alden (1) Hurileff (2),
and by Rothmund and Druker (3}. The work of the latter investigators only
is of suificient accuracy to warrant careful study. Iecently rherenfeld
(4) obtained some preliminary data regarding the effect of added salts upon
the distribution ratio. The results of these investigations will be com-

pered with the data obtained in this, after that data hos been presented.

APERDICATUAL FROCHDURES.

Zurificztion of iaterials.

Vater: The ordinsry distilled water of the laboratory was found
to be sliightly acidie, probably due to the presence o carbon dloxide. As
this would affect the volumeiric determination of the picric acid, the wvater
was made slichtly alkeline and again distilled by means of o svecial can-

ductivity water still and this redistilled water, which was neutrsl, was used

in the anslytical work.

(1) Zeitscrift der TFhysikelische Chomie, 46, 827.

(2) " t " 1 +6, B27.
(3) " " " "o 46, 827.

{4) Iasters thesis, California Institute of Technoloss, 191%.



Benzene: rdinory commercial benzene vns the source .of thot used
in the distribution exgeriments._ Portions of about 300cc. each were shalken
with successive portions of C.F. c&ncentrated‘sulfuric acid until the acid no
longer turned straw colored. ihe genzene was thén sheken with water to re-
move the excess aclid and finally washed with & dilute solution of sodium
carbonate and again washed with water until the washings were no longer al-
kaline to phenolphthalein. If the isstin test (Technical NWethods and Chemical
inalysis, Lwwe, Vol. II, Part II, po. 797.) showed the benzene to be now
free of thiorhene, it was allowed to stond so that the remainder of the water

1is-
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could settle out and‘ﬁas‘then sheken with powdéred guick lime in a large
tilling flask to remove the remainder of the water. <he benzene was next
distilled off and the Tirst distillsate redistilleé. The resulting distillate
was flnally frozen twice in small glass stovpered conical flasks ylécei in &

salt-ice mixture. Then most of the liquid had solidified, the remaining un-

frozen benzene, which contained any impurities, was poured off znd the s0lid

benzene allowed to melt.

The benzene that hed been used in the various experiments was saved
and both the picric acid and the benzene recovered. <his benzene had been
purified and was therefore free from thiovhenes, the only impurities were
ricric acid =nd its salts. It was first shaiten with water to remove most of
the picrate vresent and then washed with & dilute solution of sodium carbon-

ate to remove the remcinder of the acid. ‘The benzene was next washed thorowsh-

ly with water t0 remove a1l traces of the godium and barium vicrates.
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The wosned bengzone was allowad to stand some hours in order to =2llow the

water to settle out and then distillsd “rom calcium oxide and the distillzte

y]

added to the purified stock benuene. 4Yhe irst aqueous washince of the

¢

benzene containin~ the larger amounts of bariuwm and sodiwnm wiecrates vere

saved Tor the wmicric acid rscovery.

Fieric acid: e general outline of the process employet to

purisy the micric acid wes to nartially neutralize s lmown amount ¢f the
acid by mezns of an acueous solution of sodium carbonate, separste the
sodium picrate, wash and then partizlly neutralize the nicrate with hydro-

.

chloric acid, separate the solution from the remzining s:1t urnd collsct

Q

the ricric acid by crystallization and ~urify by recrystslliization.

100 grams of the zcid are neuitrulized by 46.4 grams of godium carbonate

znd the carbonste neutrslized by 262 cc. of 6. I.hydrochloric scid.

3lizhtly smzller amounts of both the carbonate snd the hydrocnloiric acid
were used. About 50 grams of viecric acid was dissolved in 600 cc. of
boiling water'and the carbonate added slovly in the form of = hot concen-
trated aqueous solution. Zhe scdium szlt of the wicric neid ie vrecipitated
irmediately in the presence of the carbonate.'(l) the szlt roms o very
bulcy preci@itgte in even & larsc volume of solution. ©On standine & short
time the precipitate bacomes hard znd a thick rasty mass which is zomevhat

difficult to filter, forms in the soclution. “he solution was therefore

1} Dictioncry of ipvlied Chemistry, Thorpe, 1IV,2650.
< AL o9 Ly L]

4lso Jour. Chem. Zoc., 1904, II, 517.



xlltsrea, while still hot, thru & Beuchncr fumnel snd the solid washed with
hot water. The sodium‘SQIt is fairly soluble in vure water. (1) ihersfore
%he wasﬁings’were saved and when a sulficient zmount was collecteé they were
concen%rated, acidified aznd the picric acid crystallized out, washed and
saved to be‘fua thr»u the recovery nrocess.

Inowing the amount of sodiwn uurbcn te used in the precipitation
and the volume of the solution st the time of the precivitation, the amount
dissolved was calculated. The zmount lost in the washings was also tumen

into account. h ~te was removed

The washed picrs Ifrom the funnel with a largze
spatula znd dissolved in bolling water and slightly less than the calculated
amount of hydrochloric acid added to the solution grd the solution allowed
to cools The remaining plerate which crystallizes out is filtered off, an
excess OF hx<rdchloric acid added to the filtrate zud the solution cencen-
trated down until the scid begins to crystallize out of the hot solution an

the solution zllowed to cool. ‘‘he solid acid
tered thru o small Reuclmer funnsl. In case

from the cold solution was fil-
the purification was made from

the origil 21 stock end not from the recovered mroduct, this precipitate wes
then dissolved, reconcentrated, and recrystallized. fThe final pieric acid
crystals were then washed with cold water and dried by nlacing it in a small
suction flask irmersed in = hot water bath and 2llowing & slow current of
dry zir %o @ass over the solid. “he Tinzl dried acid was then crystallized
from yﬁrifiea benzene, dried, vowdered and mixed. This materisl was emnloyed
in the yprevsration of the solutions in the distribution griperiments

o
=1

(1) t 25°C,

S0lubility per liter

42.5 gms. 0
6.0 0
Gel 0
4.1 1

Solubility of Chemical Compounds, 51

solution
o0 I Tazlln

edell, p.664.
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It 1s evident thot in thess varicus steps of purification quite a
large cmount of acid was lost, the yleld was zbout 3%5.  Howevar, all wash-
inss were saved for recovery. 1T this vurification yprocess had been reveated
from time to time, using the same recovered acid an glts from the soluble
nortions, the impurities would tend to collect and concentrate to such an

n o

extent that the recovery wmrocess would be & detriment. A sufficis gntly largo
amount of scld was yrerared in the beginning so that the recovered salt vas
only used once in the entire series of experiments. It would not be mossible
in ona or two rscoveries, where only & small smount of recovered szlt was

added to & largpe amount of the original stock yurified acid, to introduce any

impurities which misrht have been collected by this rractice.

Preparation of ZJolutions
The barium hydroxide “ol&tlon vas rrevared by the usual methods (1)

from Bakers C.F. product and was standardiz~d arsinst Zahlbaum's "Zur

inalysis” Oxzalic iscid. It vas also standardized acainst hydrochloric acid
and the two methods were found to check very well. (0.,09862 with BC1 and

0.09867 with (COOT)s).

The hydrochloric acid solution was prepared Srom 3Zakers C.¥.

Acid, (1.187 Spe Gr.) and carbon dioxide free distilled water. It wa

[ ]

standardized by precipitation as silver chloride.

The godium chloride solutions vwere made from Zazizers Core.

chemical. [olutionz of this calt were made up by weizht.

(1) Analytical Chemistry, ireadvell and iall, Vol. II, po 557.



Analytical lMethods.

Tothmmd and Druker found that the alklimetris volumetric method,
usinge borium hydroxide solution with phenolphthalein as an indicator, was
satisfactory. "In the benzene phase the hydroxide cun be used if one is care-
ful to sritate the mixture durins the titration.” (1) Kunster states that
he used berium hydroxide zs an alkali oné lakmoid as an indicator. (2) Best

also reports the use of lakmoid and bariuwm hydroxide. (3}

In the preliminary tests of the present investigation, the color
chanse was found to be satisfactory when phenolphthalein and barium hydroxide
were emrloyed. Yhe endpboint was quite delicate. The change from the lisht
yellow color of the acqgueous picric acid to the pinltish yellow color of the
neutral solution could, under ordinary conditions, be checked with an accuracy
0f one tenth of ome per cent. In the determination of the acidity of the
benzense vhase, & smell portion of distilled, carbon dioxide free water was
introduced and then the bvase added with constant zgitation until the mixture
was distinctly basic, thereby removing 2ll of the acid Irom the benzene. The
excess base was then neutralized with standard acid snd the end point deter-

mined in the usual manner.

The solutions to which the sodium chloride had been added were
anclyzed for vpicric acid in the same mammer as the pure water solutions.
However, the anslysis of the pileric acid solutions which contained added
hydirogen chloride was carried out by two methods. First, the vicric acid

(1) Zeitscrift der I'nylikalische Chemie, 46, 827.
{2) Berichte der Deutsche Chemischen Gesselschaft, 27, 1102, 189%4.
also Chem. Zeitg., 1888, Rep. 210. and Analyse und Honstituti-

onsermittelung Organische Verbindindinger, II =uflage, 57D,
(3) H. Yeyer Chemis, 950.



-8

content was determined by subtracting from the totszl scid concentration, that

of the originul solution of hydrogen chloride to vhich the picric acid had been
added. <+his method was evidently unrelicble in those cases where the picric
acid concentrution was small compared with the totzl scidity. Hence a gravi-
metric method which consisted essentially in eveporating a kmown volume of the
acid mixture to dryness, and weighing the residual solid pieric acid, was also
used. As micric acid is slightly volatils under certain conditions of evapor-
ation, experiments were conducted f{or the purpose of studying this effect.

It was found thet & distinet loss due to sublimétion occurred when the nearly
dried acid was heated about 60°C. in an slectrically heated vacuum dessicator.
hen the dessicators were placed under a strong vacuun, the evaporation of
water was very rapid at first, but the moisture collected on the top of the
apparatus and fell back into the evaporating dishes, thus introducing a possi-
bility of contaminztion. 7To overcome this difficulty, the tor of the dessicator
was left slichtly open and just sufficient vacuum to cause z slow current of

alr thru the apparctus, was employed. In further tests it was found that the
most satisfactory results were cecured vhen the solutions were kept at a terper-
atare of about 45°C. The water was removed until the acid appeared to be dry
and then the top was closed completely and a strong vacuum épplied for o few
moments to insure complete dehyiration. Yhe temperature was not raised during
this final evacuation. All of the determinations on the stronger acid solutions
vers carried out in this manner. Any error due to the change from the volu-
metric method of the analysiz to thé gravimeiric method was assumed to be less

thon the gpensral limit of error involved in the other monipulations.
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Avparatus,

All of the volumetric arparatus employed had been carerully
stendardized. On account of the difference in density and surface tension
between benzene and water, the pirettes used to measure the benzene were
re-standardized, using this liquid. The benzene was warmed in a thermostat
to the temperature at which the distribution determingtions wers to be made
and then plpetted out in tared weighing bottles. 'he drop in temperature
during the pipetting was noted and irom the weight of the delivery and the
specific gravity of the liquid at that temperature, the volume delivery was
calculated. Tre variation in the results between the water and benzene

delivery is shown in the following table.

Volume of
Fipette used Time of delivery Benzene delivered
10.00 cc. 61. sec, 9.97 cc.
£5.00 cc. 65.. sec. 24.91 cc.
50.00 cc. 36. sec. 49.82 cc.
Specific gravity of benzene at 25<C. 0.8765

The presence of plcric acid in the benzene does not affect the pipette
delivery. Care had to be taken to remove all moisture from the benzens
pipettes, and therefore separate sets of pipettes were used for benzens

and water solutions respectively.

The benzene was separated from the water layer by means of an
automatic pipetting apparatus. The sample bottle was removed from the
thermostat and placed in 2 small bath containing water at the same terper-
" ature as that of the thermostat. The pipette, held by = burette clamp
mounted on a large ringstand, was carefully lowsred into the benzene layer
until the opening 6f the vipette was slightly above the surface of the

water layer. The top of the pipette was connected to the suction thru a
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‘'wesh bottle, which had an outlet stopcock tc adjust the vacuum. 7ith the
pipette'clamped in this position, & gentle suction was applied and the
beﬁzene drawn slightly above the graduation mark. <“he liquid ievel was then
1dwéred to the mark byvmeans of fhe thumb. By using a stationary pipette,

in this mannér, the level can be watched very carefully and the suction con-
trollea with very little trouble. =fter some rractice the pipetting could be
run fasfer than by ordinery method and with & very small waste of benzene.
The following figures, for the benzene phase, illustrate the efficiency of

the apparstus. ihe solutions were drawn from an ordinary narrow mouthed,

glass stoppered, 750 cc. Dbottle.

Volume Humber Volume Volume
of sample of samvls drawvmn off in flask Taste
10,00 cc. 2 20.00 cc. 35. cc. 15. cc.
25.00 2 -50.00 70.0 20,
50.00 \ 2 100.00 115, 15.
150.00 2 300.00 350, 50. (1)

In drawing off the acgueous solution, not as much care had to be
taken and the special apparatus was not employed. The benzene layer was
drawvn off first leaving only a thin layer of the upper phase. 4is the
pipette was lowered thru this phase, a gentle current of air was blowvm
thru it in order t0 prevent any benzens from entering the pipette. After
removing the pipette all of the benzene was wiped from the outside of it

before placing it over the titration flask.

(1) Used a liter bottle having 2 greater diameter then the 750 cc. bottle.



Preliminery Sxperiments.

Preliminary experiments were conducted in order to determine
the time necessary for ecullibrium conditions to be reached and the
effect of the change in temperature upon the distrivution. the length
of the time recuired for the system 0 come to equilibrium was first
determined. In order to run the sample under as nearly the same con-
ditions ag possible, one large umount of the liquid sample was made up.
This was divi&ed into two portions to be used in the four tests, and the
acid was added to each at the same fime. All of the solid was dissolved
by agitation before the bottle was placed in the bath. At the time of
this test it was not knéwn whether continuous shaking in the thermostat
would be necessary or not, but the first trials were run without this.
The samples were tzken and well agitated every half hour for avout four
hours, the first short period samples were then pipetted out and the
remainder replaced for the longer period treatment. The second samples
were taken from eéch vottle after it had remained in the bath about
twenty four hours. The average results of these tests are given in the

following table:

D4me in “hermostat c z/C
3 hours - 0.02343 M. /L. 3.69
27 0.02324 ' 3467

These experiments indicate that, with several preliminary agitations,
equilibrium conditions could be reached within twenty four hours with a

solution of moderate concentration ( 0.03 ii/L. in Z. and 0.1 }/L. in C.)

-11~
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and’with special precautions, a timevslightly greater than that for the
concentfated solutions. These conditions were observed in all subsequent
ex@eriments. “ith the concentrated solutions the solid acid was =2dded to
the bottle éontaining 'he two phases and the solution'placed in a special
bath at about 45<C. and the solution shaiten at frequent intervals until as
complete a saturation as possible could be obtained at that temperature.
The warm bottles were placed in the thermostat and sllowed to cool down to
the required temperature. In this way it was thought that the equilibriun
éonditions wéuld be reached easier than by tryins to get saturation at the
same tomperature as the equilibrium was sttained. %o prevent supersatura-
tion in the saturated solutions, an excess of solid was kept in the bottle

even at the hicher bath temperatures.

In order to determine the effect of termeratwre on the distrivution,
a series of four tests were yun at 20° and 25¢, but difficulty wes encountered
with the relay on the thermostat and the results were not sufficiently accurate
to form any definite conclusions. fThey did show, however, that the distribu-
tion ratio is effectad by a chenge in temperature. Upon repsating these exver-

Se6S and 3.59 were obtained for the temperature

iy

iments, distribution ratios o
20°¢ and 25¢ reswectively. As 1t was easily possible to control the bath witrin

a hzlf of a degree without sypecial precautions, and within o tenth of a degree
< ] £

rather readily, it was concluded that for dependable results 4o Lo verature
would be held as near one value as possible. Thé standard temmerature of 25°C.
} 0.2° was emyloyéd thruout the subsequent experiments.

Ixpoerimental Results,

The results of the distriution experiments are miven in some

detail in Teble 1. This is divided into sections, which refer to the amounts
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of added sodiwn chloride or‘hyarogen chloride in the acqueous layer. The
first colum gives the volume in cc.'s of the sample used Tor analysis.

The following three colums mive data regarding the analysiz of thé acgueous
layer; the second and third, the results in moles of ricric acid per liter

(ee} of duplicate analysis, ond the Tourth, the mean value of these. Lhe

(43
fost

remaininge four colwmns give data for the benzone phasées g it hzs bsen ex-
plaified in the precedins section, the vicric acid concentration of many of
the solutions containing hydrochloric acid was determined both volumetricnlly
and gravimetrically. In such cases both sets of data sre given, that deter-

mined gravirtetrically beinz indicated ber placine the letter & after the
7 b B S £

nunericel result.

ihe detziled data presented in Table I are summarized and compared
in “eble II. Yhe first column gives the concentrations of solutions useds
the second, the mean value of the concentration of the ricric acid in the
acqueous layer (€); the third, the mean value of the benzene phase (Z.);
the fourth, the distribution ratio 4/C calculated from the analytical results.
Values of fhé distrivution retio were, for each series of experiments,
plotted amainst thoge o< the concentration in the water layer, and the most
representative curves drawm. Values interpolated from the curves are ziven
in the fifth column and the percentage differences between the observed and
interpolated values in the last colwrm. From the same curves, values of the
distriéution ratiqs were, in the case of each series, read 0% for round
values of the concentration of the picric acid in the water laysr. She

results of these interpolations are riven in Table III.
2
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TARIE I Data Sheet # 1
ORIGINAL DATA:

:Distribution and Analytical Data Concerning :

The Water (C) and Benzene (Z) Phases.

vol. C. Anal- Anal- Ilean Voles Z. Anal- Anal- lean Distribution
Sample ysis ysis of 1st sample ysis ysis of lst Ratio
uged for 1st C 2nd C and 2nd used for 1l1lst Z 2nd 2 and 2nd

Analysis Sample sample samples analysis sample sample samples z/C

cc's In moles of pieric acid /L. cc's In moles of picric acid /L. 2 /¢

800, 0.004992 0.005006 0.0049¢9 150.  0.004900 0.004955 0.004917 0.985
100.. 0.0110° 0.01106 0.01103 " B0. 0.02030 0.02178 0.02190 1.96
100, 0.01074 0.0107¢ 0.01076 50. 0.02168 0.02180 0.02174 2.02
‘150. 0.01945 0.01929 0.01942 25. 0.06256 0.06205 0.06230 3.12
7150. 0.01957 0.02009 0.01973 50. 0.06220 0.06210 0.06215 .15
100. 0.02850 0.02848 0.02849 25. 0.1253 0.1251 0.1252 4440
100. 0.0297 0.02828 0.02878 25. 0.1303 0.1308 0.1305 4454
50. 0.0470  0.04055 0.04062 .10 C.2386  0.2357 0.2356 5.681
| 50. 0.05037 0.05014 0.05027 10 0.353¢ 0.2472 0.3505 6.91

100, 0.05364 0.05374 0.05369 25, 0.3935 0.3931 0.3933 Te34

The 0.005 H. Sodium Chloride ZSolution and Bengzene Fhases.

"800, 0.005250 0.005215 0.005210 150. 0.005154&  -- 0.005154 0.991
100. 0.01550 0.01570 0401560 50. 0.04009 0.03987 0.03999 2.56
1QO. 0.01998 0.01983 0.01990 2b.  0.06327 0.06327 0.06327 3.18
- 100, 0402852 - 0.02852 2b. 0.1219 0.1226 0.l222 44 30-

50, 0.04851 0.04851 0.04851 10, 0.3244¢ 0.3242 0.3243 6.69
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PABLE I - continued. Data Sheet # 2.

The 0.01 . Sodium Chloride and 3enzene ¥*hases.

200. 0.006996 0.007023 0.007009 150.  0.008236 0.008290 0.00826% 1.18
100. 0.01422 0.01426 0.01424 50.  0.03145 0.03149 0.03147 2.21
100. 0.01126 0.01130 0.,01128 25. 0.02785 0.02789 0.02787 2448
150. 0.01925 0.01937 0.01931 50.  0.06087 0,06087 0.06087 3.15
50 0.03789 0.03774 0.03781 25, 0.1913 | 0.1914 0.1914 5.09
‘150. 0.01517 0.01518 0.01517 ' 25. 0.08214 0.08228 0.0822 Be4l
“ 50. 0.05220 0.05221 0.05220 10. 0.3581 0.3582 0.3582 6.85

The 0.05 IIs Sodium Chloride Solution and Benzene Fhases.

200. 0.005141 - 0.005141 150. 0.003589 0.00413% 0.003864 0.752

klOQ- 0.01033 0.01034 0.01033 50. 0.01703 0.01689 0.01694 1.64
150, 0.01408 - 0.01408 0401408 50. 0.03134 0.03122 0.03128 2422
'15d. 0.02147 0.02151 0.02149 25 0.06770 0.06752 0406761 .15
100, 0.02832 0.02835 0.02834 25, 0.1081 0.1092 *0.1086 3482
50, 0.03954 0.03970 0.03962 10. 0.2082 0.2084 0.2083 5.26
‘\50- 0.05143 0.05133 0.05137 10.  0.3400 0.3405 0.3402 6.62

50. 0.05151 0.05153 0.05142 10. 0.3471 —_ 0.3471 6.76




TABIE I - continued

Da.ts Sheet #3.

The 0.l ¥, Sodium Chloride Solution and Benzene Phases.

0.003518 0.,002384 0.002951

200, 0.004892 0.,004882 0.004887 150. 0.603
100. 0.009313 0.009295 0.,009304 50« 0.01287 - 0.01287 1.38
150. 0.01382 0.01382 0.,01382 B50. 0.02816 0.02é05 0.02809 2.08
150. 0.01970 —— 0.01970 25, 0.05502 0.05505 0.05503 2.80
150. 0.02804 0.02804 0.62804 25. 0.1038 0.1039 0.1039 3470
50. 0.03466 0.03473 0.03470 25. 0.1543 0.1553 0.1548 4,46
150, 0.03907 0.03907 0.03907 25. ?.1924 0.1926 0.1925 4.85
50. 0.04838 0.04824 6.04851 10. 0.2855 — 0.2855 5,97
50. 0.04964 0.04966 0.04965 10. 0.3021 0.3026 0.3023 6.09
The 0.2 M. Sodiwm Chloride Solution and Benzene Phases.
150, 0.005155 0.005159 0.005157 150. - 0.003522 0.003498 0.003510 0.68
100. 0.01021 0.01020 0.,01021 50. 0.01374 0.01415 0.01394 1.27
150. 0401434 0701456 0.01435 50. 0.02673 0.02667 0602670 1.86
150. 0.01936 — 0.01936 20e 0404668 0.04460 0.04668 2.4l
150. 0.02558 0.025B60 0.02559 2be.  0.07768 0.07761 0.07765 3.03
50. 0.04180 0.04201 0.04190 26¢ 042005 042004 0.2002 4.78
50. 0.05895‘ Q.05895 0.05894 10. 0.3775 0.3770 0.3772 6.40
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TABLE I -~ continued Data Sheet #4.
The 0.005032 ¥. Fydrochloric icid Zolutions and Benzene Thases.
100, 0.002277 _— 0.002277 100. 0.002204 -— 0.002204 0.967
100. 0.008877 — 0.008877 BO. 0.023B6 - 0.02356 2468
150. 0.01405 0.01407 0.01406 50, 0.04952 0.04958 0.04948 Z.52
1E0. 0.01817 - 0.01817 25, 0.074B4 0.07432 0.07443 4.09
100. 0.02650 0402649 0.02643 25. 0.1367 0.1371  0.1369 5.17
50. 0.03830 0.02831 0.03831 10. 0.2546  0.2568  0.2BB7 677
50, 0.04881 0.04883 0.04882 10. 0.3854 0.3859  0.3857 7.89

The 0.01509 M. Hydrochloric icid Solutions and Denzene Thases.

150. 0.00870 0.005874 0.00572 B0« . G401474 0.01474 0401474 Z2.58
50. 0.01320 0.01320 0.01320 50. 0.06712 0.06710 0.06711 5,08
50. 0.01776 — 0.01776 26.  0.09%92 — 0.,09992 5.64
50. 0.01941 —— 0.01941 25. 0.1135 0.113b 0.113b 5.85
50. 0.02702 0.02718 0.,02710 10. 0.,1855 0.1853 0.18b4 6.84

The 0.05032 I, Hydrochloric Acid Zolution and Benzene Fhases.

100. 0.00598 0.00603 0.00600 50. 0.02054 0.02034 0,02044 Sedd
50. 0.01486 0.01480 0.014E2 (0.02024) 7.3% G
25. 0.01479 = -~ 0.01479 10. 0.1093  0.1097  0.10%95 7+40
25. 0.01461 - 0.01461 10, 0,1080 0.1082  0.1081 7ed0
50. 0.01451 0.01450 0.01451 (0.1081) Tedb G
10. 0.02101 — 0.02101 10. 0.1969  0.2001  0.2009 S 52
50. 0.02098 0.02084 0.02091 {0.2009) 9.58 G
10. 0.034%2 _— 0.03492 10. 0.4827 0.4803 0.4830 1%.8

25, 0.02477 0.034%0 0.05486 (0.48530} 13.9 G



~18-

TARLE I - continued vhe

o

=

Gheet 5.

The 0.0503& I Ilydrockloric .cid colution and Zenzene Thases. (Cont.)

10. 0.03544 — 0.05544 10, 044955  0.4956 0.4956 - 14.0
25, 0.07535 - 0.03535 ' (0.4956) lé.1 G

The 041006 ', Iydrochloric «cid zolution and Benzene Fheses.

50 0.0016 — 0.0016 5O, 0.002083 - 0.00262

S 1.77
. BD. 0.0013 0.0017 0.0018 (0.002823) 77 G

0. 0.0067 - 00067 50 0.0869S 0.02507 0.05608 8.30
50. -0.0058  0.0061 0.0060 {0.08603) 3.35
10. 0.0180 —_— 0.0180 10. 0.3519 - 043519 19.5
50 00186 - 0.0186 (0.2019} 18.9 G
10. © 0.03120 —— 0.0213 10. 0,928 — D.O2ET 2946
50 0.03140 - 0.08140 . (0.9257) 29.4 G

The 0.2012 ¥. Vrdrochloric scid Solutiom and Benzene ihises.

SB. 0400181 e 0.00191 50 0.008385 0.007994 0.008189 4031
50.  0.0081  0.0017  0.0019 (0.008189)  f.z ©
0, 0.0082 e 0.0055 S5, 0.01820 e 0.01820 £.69
F0. 0.0052 o 0.0052 (0.01820) 5.7 G
10.  0.0055 - 00055 25.  0.06654 - 0.0665¢  15.1
25, 0,008  0.0060  0.0000 (0.06654)  13.0 &
10, 0.0074  ——  0.0074 250 0.1245  0.1.40 001245 1648
50.  0.0074 - 0.0074 (0.1245) 16,8 G
10, 0.0090 — 0.0080 100 042855 0.2970  0.5596 5.6
50, 0.0091 - 0.0091 (0.0296) 26.2 O

- 10. 0.0083 _— 0.00853 10,  0.00ED — 0.2555 &2.5  {2)

50. 0.0090  0.0082 0.0087 (0.3555) 40.9 ¢ (7)
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TABLE II Date Sheet 46
DISIRIBUTION RATION ¢
Concen- Concen-
tration tration
¢ z a/c z /¢ FPercentage
gSclution /L w/ Found Interpolated  Difference
C and Z 0.004999 0.004917 0.983 0.995 1.0
0,01103 0.02190 1.98 1.91 1.7
0,01076 0.02174 2.02 1.88 642
0.01942 0.06230 .12 el 0.0
0.019723 0.06215 Se15 3.14 0.1
0.02849 0.1252 4,40 e 58 0.2
0.02878 0.1303 4.54 4435 2.1
0.,03242 0.1548 44,78 4478 0.0
0.04062 0.2356 5481 5.81 0.0
0.05027 0.3505 6496 _ 5.96 0.0
0.05569 042933 T34 Te34 0.0
0.005 T 0.005210 0.,005154 0.991 0.988 1.6
all 0.01560 0.03999 e 56 2456 0.0
and 0.01990 0.06327 3418 Seld 0.6
Z 0.02852 041219 4430 4o24 0.7

0.04851 043245 6.6% 5469 0.0




~20-

TABLE II - continued Data theet #7
0.01 1. 04007009 0.008263 1.18 1.16 0.9
NaCl 0.01424 0408147 2.21 2.19 0.8
and 0.08781 0.1914 5.09 5.09 0.0
z 0.05220 0.3582 6.85 6489 040
0.05 1T, 0.005141 04003664 04752 04760 5.0
NaCl 0401033 0.01694 1.64 1.60 1.8
and 0.01408 o.oslée 2.22 2.14 1.8
z 0402149 0.06761 Ze15 5410 247
04026854 041086 3.82 5487 046
0403962 042083 5.26 5.16 0.9
0.05137 043402 6462 6,71 046
0.05142 0.7l 6.76 O 6.70 044
0.1 T 04004887 0.003518 0460 0.72 8.4
TaCl 0.009304 0.01287 1.38 1436 0.8
and 0.01282 0.026809 2,08 2.08 0.0
7 0401970 0405503 2480 2471 1.9
0.02804 0.1039 2470 O BJ70 0.0
0.02470 0.1548 4446 2.46 0.0
0.02907 0.1925 2.85 2490 1.0

0.0456F D.3025 6.09 6.09 0.0




TABLE II - continued Data

0.2 K. 0.,005157 0.005310 0.68 0.68 0.0

TaCl 0.01021 0.01394 1.37 1.7 348
and 0.1435 002670 1.86 1.84 0.5
z 0.01936 0.04668 2.41 2.41 0.0
0.02559 0.07765 5.03 3.10 1.1

0.04190 0.2002 4.78 4.78 0.0

0.05894 0.5772 6440 6o 45 04

0.0050%2 1. 0.002277 0.002204 0.967 0.990 2.8
101 0.008877 0.02356 2.68 2.60 3.0
and. 7. 0.01406 0.0494€ 3.52 . B.52 0.0
0.01617 0407443 4.09 4.14 1.2

0.02648 041369 5,17 Bu 27 1.9

0.02851 0.2567 6.77 6.77 0.0

0.04862 0.3657 7.89 7492 0.5

0.01509 T. 0.00572 0.01474 2.58 2.66 5.0
1ol 0.01520 0.06711 5.08 5.00 1.6
and Z. 0.01776 0.09992 5.64 5.71 1.2
0.01941 0.1135 5.85  5.98 2.1

0.02710 0.1854 - b.84 8.91 1,0




TABLE II - continued

e

-— L -

a Sheet #9

0.05032 H.

0.02044

0435555

0.00600 .42 5.4l 0.3

el 0.01461 0.1081 7440 7,32 1.0
and 0.01479 0.1095 7440 7440 0.0
Ze 0.02101 042009 9.52 9.52 0.0
0.05492 044830 15.8 15.8 0.0

0.,08544 0.4956 14,0 14,0 0.0

0.1006 T 0.0016 0.002823 1,77 2.0 100
w1 040067 0405605 8,56 8.12 5.0
and 0.0180 0.3519 19.5 19.5 0.0
z 040515 0.9257 29.6 29.6 0.0
0.2012 X. 0.00191 0.008189 4.31 3470 8.0
1ol 0.0032 0.01820 5.69 5.67 1.1
ond 0.0055 0.06654 12.1 11.5 540
z 0.0074 0.1245 16.8 16.8 0.0
0.0090 0.2296 25.5 25.5 0.0

0.0083 42.5 (2) 4245 0.0
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TABLE III Data Sheet #10
SUNIARY OF DISMRIBUTION RATIOS
Concentration Concentration of added salt in moles per liter
picric acid : ’ , :
in Ce, U /L 0.000  0.005  0.015  0.050 0.100  0.200
0.005 0.95 0.90 0.84 0.79 D.74 0.60
0.010 - 177 1.72 l.64 1.55 1.46 1.30
0.015 2450 204D 2651 Le2d 2413 1.50
0.020 3«20 3413 297 2;89 2475 2e48
" 06030 4449 4441 4,19 4.06 . 3691 357
0.040 570 .64 5429 5419 5.09 4,60
0.0850 6.90 6.84 6455 6.30 6.10 5.60

Concentration of added acid. ( HC1l )

0.000 0.00503=2 0;01509 0.08032 0.1006 0.2012

0,005 | 0.95 1.70 2.3 2.85 6.05 9.91
04010 177 2.83 4.21 5.35  11.75 _—
0.015 2450 3,70 5,31 7444 16460 _—
0.020 %420 4a42 6.06 9.29 21.14 —
0,030 4449 5.75 ) 12436 26465 -

0.040 ‘ 5,70 6.97 - 15.26 - -

0.050 : 6.90 8,10 - - —— -—
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The results of the experiments with picric acid may be readily
conipared with those relating to the eifect of added salts upon the solu-
bility of .s‘li.g_h‘_cly soluble salts. In the latter case‘ the activity of the
salt is maintainen}.‘constant at that. determinaAd by the solubility of the
salt, while in the ‘case of the picric =zecld solutions, the activity is varied
and may be calculated from'the concentration in the benzene phase. However
by interpolation methods it is possible to compute for various concentrations
of added salt, the concentration of picric acid in equilibrium with a def-
inite cmcentration in the benzene phase, l.e. corresponding to a {ixed
activity value. “hallous chloride which has been extensively investigated,
(1) was choéen as the salt with which to cmpare‘ picric acid. it 25° C.
the solubility of this salt in water is 0.0161 moles per liter. J4rom the
distrivution cwrve for picrie acld, it was determined that a 0.0428 molal
solution Of picric acid in benzene is in equilibriwm with a 0.0161 molal
aqueous solution. Hence froam the various curves for dii“.ferent concentra-—

" tions of added salt, there wers round by interpolation the concentrations

of picric aclid in the waoter vhase which are in equilibrium with a 0.0428
molal solution in benzens. The values thus obtained for solutions of con-
stant activity for both pieric acid and thallous chloride are given in Table
IV, and sre showm graphically in curve lo. 1 . 1 will be readily seen from
the latter that the effect of added salis, both those with and those without
a common ion, 1is quslitatively the same Jor the two cases, tho the agree-

nent is not quantitative. The results of this investigation are hencs in

(1) TYoyes and Bray, J. 4m. Chem. Soc. 33, 1639. (1910) +
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substantial agreement with the concluslions dravn from the work on thallous
chloride; the most important of these is that the activity-cmecentration
ratio of a strongs electrolyte is largely determined by the total salt or

total lon concentration.

(signed) —ej/m@/q; {en oy .

California Institute of Dechnology,

Pasadena, California.
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TABLE IV Data Sheet 711

GENERAL DATA ACCQMPAITYING DISCUSSION CN PAGES 24 and 25 :

Concentration

of z/¢ Conc. of C.
Solution Found Calculated.

0.0 M/ L FHaCl 2466 0.01610
0.005 2.62 0.01630
0.015 2.55 0.01680
0.050 2.51 0.01705
0.100 2.45 0.0175
0.200 2.81 0.0186
0.0 ¥ /L HC 2.66 0.01610
0.005 3435 0.01275
0.015 4425 0.01010
0.050 4.82 0400886
0.100 7.16 0.00595
0.200 9.00 0.00495
Concentration Conc. T1Cl Conc. T1C1

of in in
added salt jiteal 0
0.000 1 /L 0.01607 I / L 0.01607 1/ L
04020 —-— 0.01716
0.025 0.00869 —
0,050 0.00590 0.01826
0.100 0.00396 0.01961

0.200 0.00268 -
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0.0I089 N, HCL

PATIO CONCENTRATION CURVES
ConcenTRATION  C,

SHOWING. EFRECT OF ADDED HYDROGEMN CHLORIDE:,
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