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PRIFACE

one of the earlliest obgervatlions which can be classed
8g chenical 1s that some substances dissolve when placed in
contret with various ligulds. The first quarter of the twenw
tieth century was & time In which one of the chlef ocoupaw
biong of oheviigbs was the study of solutions. ¥Yeveriheleas,
present nowledge of solutions ls very inmdeguate, althwough
there are mauy theovies which atiempl o explain the éatura
of solubions. Studlies on pariiiion have besn valuable In
sluclidatin: the stabte of subsbances in solvents.

Toe raﬁi@ of the concentratlions of & subgtonce which is
distrivuted Leltween two phases at constant hemperaturs ia
known ag the distributlion or paritition ratlo. This partition
betwesn solvents is the hasis oy numerous praparatioﬁ, SEpa-
ration, and purificatlon Processel. |

in the literature there exlst scoveral discrepancles in
regard to the partition ratlos of some organic acids in water
and others There iz & doasrth of periition data for normal bo
0.0l rormal solubions between ether and water at 25° 0. &
possivle use for thess data Is the gualitative identiflcation
of individual orgenic scids in small amounbs by thelp parti-
tion ratlics. The purpose of thls investlgatlon wws Vo find
out the partition ratlios of geversal orpmule aclds o the

resgons menbloneld aLovoe
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INTRODUCTICN

In 1872 Berthelot and Juagfleisch (5) studied the
partition of iodine between carbon disulfide and water
and councluded that the familisr Henry's lasw, concerning
the eguilibrium betwsen a gas and its solution in a 1li-
guid, follows the same genseral prineciple as the distribu-
tion of a solute between two liquid phases. Nernst (35)
imposed an imporftant restriction upon this generalization
whieh is now called the distribution or partition law. He
showed that for ideal liquid-liquid systems a constancy
of the partitibn ratio exists only when the molecules of
the distributed substance are in the seme condition in
both phases. Furthermore, the two solvents musi be abso-
lutely insocluble in each other, even when both contain
large amounts of solute. Of course these ideal conditions
are seldom more than approximately reslized, the disturb-
ing influsnces becoming greater with incressing concentra-
tion. The system caerbon Ustrachloride-water~iodine approaches
this ideal.

In this work ether was chosen for the second sclvent
phase because it is a relatively "non-polar" solvent (47)
and the many orgenic acids which dissolve in it are believed
to bs in the simple molecular state. 1In chloroform, benzene
and meny other assoclatling solvents the acids are considersd
to be partly associated (17,24). Frequently there is dis-

gociation in the water. Many attempts have been made %o
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correct for this in order to make the partition ratio

constant, Some acids are morse highly associsted in the

water layer than in the orgsnic solvent, e. g., 3,5-
dinitrobenzoic acid (50). The solute and solvent may com-
bine to form definite compounds, e.g., hydrates in aqueous
solution (1,18). Bthereal sclutions separate readily from
agueous solutions which have been shaken; other solvents
do not separate nearly so readily. This is an aid in ti-
trating near the end point. Ether 1s especially useful
because there is a tremendous range in the partition of
organic scids between it and water. Chandler (7) finds
oether to be the best non-aqueous solvent in general for the
determination of the state of equilibrium in solutions of
dibasic scids and their salts. However, methylal may be
more efficient as an extraction sclvent for several common
organic seids (12). Werkman {54) suggests ths use of
isoamyl ether for partition work because it is less solubls
in water than either ethyl other or isopropyl sther. TFor
this reason he uses it to determine partition ratiog for
fatty acids., Later work shows isopropyl ether to be un-
stable, i. e., it becomes acid upon standing (37a).

There is no obvious relationship betwssen the solu-~
bilitiss of organic acids in pure water or pure ether and
their solubilities in ether-saturated water or water-
saturated ether (46) as shown on page 36 of this thesis.
Pershke (39) shows in theory and by experiment that the

partition ratio is the ratio of the concentrations of
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suceinic seid-gthar-water and others. He ghows thot bhe
perbidion ratic i merkedly different from ths ratio of
tha solubilities of succinie seid in the nure solvents,

Furthermore, the limiting valus of tie portition ratioc st
hizgh total concentrations of the distributed substance isg
nogt determined, in gsneral, by ths ratio of the selubili-
ties of the two solvents but by the ratic of the copeentrim-
ticns of the two phsses at the tripls peint: solid-liguide
liquid (44).

The sclubte may have one of throe possible effeets upon
tie partition ratio {32,52) because cof its effect upen the
subael solubilitiss of the sclvents., Firsgt, the distributasd
phase mey lower the mutual solubilities., At the 1limit,
upon subseguent additicns of solute, it ig ecnceivablie
that the smutusl solubilitlies would be reduced to zere so
that the limiting distribubicn rotic would be that of the
splubilities in the purc golvents., Jecond, the distributed
phaee may inerease the mubusl solubilitiecs, At the limit
the phases would be sclubls in sll sropertioans. This
would cazuse the distribution ratio to spprosch unlty =t
the consclute copcentrstion, XKlobbie (29) points osut the
cage of malonic weid disbtributed between ether and wster
2§ sn cxumple of this second type. Third, the sclubility

of one liguid in the gseond moy inersase, gad that of the

[

sscond in the {irst decrease, upon the addition of sclute.



4_\

This would cause the partition retio to vary throuszhoub
the concentration rangs. Any of these threc possibilitiss
may be realized exnerimentally.

Although this work was done at econstant temperature,
it is well to remember that the solubility of ethsr in
water decreuses with rising temperature while the solubili-
ty of water in ether increases with a rise in temperaturs
(36). Consideraticn of the effect of tsuperature is in-
portant if the partition method is to be used for the rapid
gualitative characterization of organic acids, beczuse it
ig more practical to determine these ratios at room tempera-~
ture. The partition ratio may be expected to vary with
temperature because solubilities ordinsrily are affected by
temperature chenges. The solublility of the acid in the
water phage probably does not vary to the same extent as
does the solubility in the ether phase, end, as has been
peinted out previously, the mutual solubilities of the ether
and water are sffected in opposite ways. TForbes and
Coolidgs (13) in their thorough work on "The Relations ba-
tween Distribution Ratic, Tempereture, and Concentration in
the Systemn: Water, Ether, and Succinic Acid" calculate the
temperature coefficient for the partition ratio in this
system to be 0.0258 units per degree. This agrees favor-
ably with their experimentsl figure of 0.0255. Perschke
{39a) finds a temperaturs coefficient of 0.0222 hebween 17
and 18.40 C. for succinic acid in ether and weter where the

concentration of seid in the ether layer is 0.06 to 0.07
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grams per liter. For the sysbtem acetic acid-water-sther,
Hantzsch and Sebaldt (21) f£ind the partition ratio to be
2,031 at 0° and only 2.19 at 25° ¢. It sppears that

these small changes are true only in systems where the
temperature coefficisnts of the solubilities in the two
phases are little different, because this ratioc is altered
only when the solubility ratios are altered. This ig ths
basis for the general statement that temperaturs changes
have little effect upon partition ratios (4, 10, 56).

Solubility is known to be affected by pressure; theo-
retically, it may be assumed that there should be a pres-
sure coefficient of the partition ratios between the liguid
phuses. Howsver, pressurs must bave an exceedingly small
gffact upon partition ratios, and as yet no such effscis
have been noted {52).

Impurities in the soluts or solvent naturally affect
partition ratics, Water is easlily obtained relatively purs,
and hence inmpurities in water will not be discussed hers.
Impurities in ether are discussed in the section on rcagents.
Twelve C. P. acids were used in this work, and purificatiocn
of the other three is discussed in the section on reagents,
but since pure aclds may not slways be availsble it is
appropriate to consider the effect that impurities in the
solute would have upon partition ratios. Because the
partition ratio is determlned by alkall titration ratios,

the effect of any foreign acidic or basic substances is
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obvious =snd serious. Tayler (52) states that for extrac-

tion purposes:

2y

The distribution ratio may be changed in the
degired Airection by sddition of znocther compound
which depresses the dissecciation ¢of the substance
being extractsd; zn orgenic acld of noderate
streangth for example can be most advanbtageously
extrected from water ofter additicn of a strong
inorganic acid, whieh by its excess of hydrogen
ion will convert the organic =2c¢id chiefly into
undissociated molecules, which are soluble in the
ethereal phase whereas the iens zre netd, 24n
organic basc, by the same reaseoning, is most
euslly extracted in the presence of a strong in-
orzanic base., The addition of neutral bodies
such as sa2lts will a2lso in many cassg lower the
solubility of the organic compound in water (the
so-gslled salting-out effect) and thus favor ths
extraction by the ether,

.Salts are usually inssluble in organic liculds, and con-

vers

ely the amount cof substence distributed in the weater

layer 1s dscreassd upon the zdditica of salt. The "salt-

ing-out effect™ is larger the smaller the size of the ion

and

w2

the greater the ionic charge. According to Herz and

tapner (25), C1° is more effective than Br~ which is more

sffeetive than I, Sugser content doss not influence the

partition of succinic zecld betwsen ether and wster, accord-

ing

snd

to Pinnow (40).
Polymorphic forms of crystalline substancses are common,

since they differ among themselves in erystallins form,

free energy and other physicel and chemicsl properties, a

mixture of two forms might conceivably be present, one as

an impurity. Therse is a difference in solubility of poly-

morphic forms (6). In solutions, howsver, there should be

no effect on the partition ratio if thsre were mixtures of
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polymorphlc formes dilssclved becanse the crystal latitlce
no longer existsa.

The application of the paritition law to liguid-liguid
syvstems has furrnished many inbteresting as well as useful
results. Mumerocus experiuvienters have determined degres of
dissoclation or assceciatlion or toth, The ordivary pro=
cedure 1s to use the eguations known to apply to associa-
tion, the degrec of disssqiatio& teling determined from
independent conduc ity experiments. If the chemical po-

tential or activity of the solute 1ls known In one solvend

it may be determined for the cother solvent {11, 33). This
furnishes a wmeans of calculating free enerzgles. A host of
chemical equllibria may be studied to advantage by partie-

tion methods (17, 52). Studies of distribution may also
furnish the means of proving the existence of compounds
{2), or Getermining heats of dissoclation, hydration, or
amonlation. Ordinarily the partitlion principle is most
used In the process of c¢xtraction. It has Leen possible

in some Instances, to establish the ldentlity of a single

}..Jo

acid by partition methods (49a), or a single acid in s

mixture of aclds by partition methods (37). In sumarize
the appliecations of partitlon studies, it may be sald

that it is obvious that the principle of distribution is

intimately related to the state of aggregatlion of matter

In solution. When sufficient partition data are known it

wlll be possible to determine the identity of an organic

f

acld by & comparison of ¥mown partition ratics with ratios



of the acid to Tﬁe identified., Additlonal chemical equili-
briun studies need to be made. OJur meager knowledge In

this field justifies the determination of nore partition
data in the hope that order may be wrought from the pre-

sent chnog.
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EXPERIMENTAL PART

NO=-

£

REAGENT3. The following reagents were used: am
{glycine), monobromo-, wmonechloro-, dichloro=, and tri-
chloroacetic, adipie, barblturic, benzenesulfonic, cro-
tonie, fornic, 2«furocle, glycolic, alpha-hydroxyisobutyric,
succinic, and d-tartarlec acids, ethyl ether, ethyl glco-
nol (denatured), phenolphthalein, thymolphthalein, sodium

hydroxide, and water.

WATER. Ordinsry dilstilled water was used. It 1s Import-
ant that this water ve neutral, slcohol-free, and carion-

ide~free for this work. Carbon dioxide may be romoved

[of)
el
O
54
¥T
bn

by boiling the water.

BTUVL ETHER,., Although Merck reagent grade absolute ethyl

ether was used, 1t was washed by shaking with distilled

[
water and kept in this water-sabturated condition over water
until desired for use. The solubllity of water in ethyl

ether iz 1.34 percent by weight at 25% €., whereas the

solubllity of ether in water is 8,04 percent by weight atb

o

-fa

25% ¢, (27). Alceouol affects the distribution of succiniec

i.

acld between water and ether more than any other Impurity
likely to be present, Forbes and Coolidge (13) £ind that
the presence of one percent of alcohol increases the
solubility of ether in water by sboubt two percent of
itself, and that the solublility of the aclid In ether ls ine

creased by as much ea twenty percent of ltselfl, while the



increase of the sclubility of the acid in water was much
\y the absolubo ether four times with
water the author found the distribubtion of succiniec acid
to be the same as without washing. This was done to seo
whether the impurities, a maximume of 0.005 percent of acids
(as acetic) and not more than 0.1 percent of alechol, would

affect the distrivution. Any Impurities which mav have

THDICATOR Although Hall (20) recommends tho use of di-
vrasotlhymelsulfonphthaleln, commonly ealled bronothymel
slue, s an indicator for tltratlons in ether sclutions
becguse it ls not extracted Irou the wabter layer Ly the
ether, 1t was found by the author Lo be impractical to
uge becausc the color change at the end point was not as

sharp as with phenolphthalein. Also, the pH abt the end

point is too low for the best titration of a weak acid

=

gse by means of this indicator., Further-

h/

with a strong i
more, almost without exception, other Ilavestigabors in
partitlion work with organic acids have preferred bto use

phenolpnthalein

The tlhumolphthalelin used In the glyecline titration was

3

 Iin alecohol,.

}.& porcent by welg

SODIVL IIYDROXIDE. This reagent was standardized with
potassimm aclid phthalate, and stored In a glass carboy

connected to a soda~lime tower. Alr vressure from a



rubber pressure bulb was used to foree bhs scdium hydrox-
ide from thce carboy through a tubs to & burette slso con-

neebed to o gode~iims towsy, In ohisg mapper il alr in

U

convact with the sodluwn nydroxide was carbon-dioxide-~iree,
4 oo normal solution of barium cbloride, equal in volume
to one percent of the scdiun hydrozide soiublon, was added
to the solutlcon to precipitate any carbonabes which might
have besn present. Kay and Sheehan (28) zive sxzoellent
directions for proparing apd using very dilute standard
solubtions of sodium hydroxide., It was found advaniageous

to maks ons alikall solution about four times the strength

of the other, i.e., 0.03219 and 0,1237 norumsl., Ths hyire-
ciiloric acid used for back titration was G.01525 norpal,

TIYL ALCOUCL. The 95 percent alecohol was denatured with

five percent nethyl alcohol.

2-FIR0OIC ACID,., TFollowing the suggestion of lilas and

fzlsh {34), favoic seid wasz purified by rscrystallization

fros a hot mixbture of two parts of carbon tetrachloride

and onz nart chloroform. Thsse crystals meltsd at 132-
Y
l_}j .

Purcic acids, ir geasrsl, undergo vslabivsely
zady decarboxylation and the smoo*hne@ﬂ of this
action with Z-furcie acid cumnendo it ag the
g8t p?cbent mathod for the prsparation of furan

i'

and reporbs that this descarboxylsation takss place at 1580.

. . s} . 0 ,
Furoic scid melds at 1327 and boils atbt 2307, Al

hough
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furan, b. 320, is easlly obtained by decarboxylating
furcic acid, it is not certain that the long white needles
of furcic acid whieh sublime readily from ths tarry melt
are pure enough for partition studies. The yleld of
furoic acid by distillation even uader reduced pressure

is not over fifty percent. Furthermore, purification was
apparantly unnecessary because the purified c¢rystals when
dissolvqﬂ gave a partition ratlo which was.almost identi-
cal (within experimental error) with the commereial

practical crystals before purification,

DICHLORDACETIC ACID., This acid was purified by distilla-
tion, after some diffieulty with decomposition produects,

by Dr. 0. . Dermer. The hydrochloric acid which was

found to be present was removed by hoiling until the 4i-
chloroaecatie zeid was pracbicelly chloride-free. Tltration
of the acld with standard base indicated mors than 99

percent dichloroacetic seid to be presens,

BENZENESULFONIC ACID.* This acid was prepared by Dr. €. C.
Dermer from benzenesulfonyl chloride by the method of
Davies and Daviss (8a).
The source and purity of the other acids used follow.
‘“OBKOIQAG STIC ACID* DASTMAN C, P,
MONCCHLOROACETIC ACID™ ENCO C, P.

*Jome water was present in this acid, but since this
acid was studied in a water solution this impurity was
unimportant.



TRICHLOROACETIC ACIDX

ADIPIC ACID
BARBITURIC ACID
CROTONIC ACID
FORMIC ACID¥
AMINQACETIC AC
GLYSOLIC ACID*
SUCCINIC ACID
d-TARTARIC ACID

ALPHA~HYDROXYISOBUTYRIC ACID

ID (GLYCINE)

¥*Jome waber was
acid was studied in a

unimportant.

present in this aecid,

13

BASTHAN C. P,
DASTHAN C. P.
BASTHAN €, P

-

lvlf JQC:: c . P .

Ez SO A _L"»Br C » E‘}.
yrikYalvd

. P
"J‘fif\,\) i G.; e

MERCK €, ]

ey
»

EASTHAN C

but since this

water solution this imparity was
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PROCEDURE

A 300 ml stock solution of sach organic acid was
ad justed to a conecentration of about one normal. From
the stock solution were pipetted three 50, three 25, three
10, znd three 5 ml samples into twelve 125 ml ground glass
stoppered bottles. The stoppers did not f£it well enough
as they came from the manufacturer so they Were»ground
with water and emery to fit their respective bottles.
When & water-saturated ether solution could be vigorously
shaken in a bottle with no ether lsaking thru the joint
the stopper was deemed properly fitted. Water was measur-
ed by means of a burette into the sample bottles contain-
ing the acid, no water in the first three, 25 ml in each
of the second three, 40 ml in sach of the next three, and
45 ml in the last three. This made 50 ml of scid solution
in each of the twelve sample bottles, The acid concentra-
tion in the sets of botiles was then approximately normal,
N/2, N/5, and K/10 respectively. Next, 50 ml of water-
saturated ether was pipetted into cach bottle, so that
the total volume of solution in each of the twelve bottles
was approximately 100 wml.

It was not necessary to be accurate in prepsring thess
solutions. The unpleassent task of sucking ether into a
50 ml pipette was avoided by placing the pipette in one
hole of a two-hole cork stopper, and a short right-angled

piece of 2-mm glass tubing in the other hole, Rubber



bubing, connected at one end %o a rubber pressurs bulb,
was then slipped 0#@? the end of the small right-asngled
tubing. When the stopper was placed in the ether bottle
and the tube of the pipette extended into the ethar a few
sgueezes on the bulb would furnish enough pressure to send
the ether shooting up into the pipette.

The glass stoppers were tightly fitted in their re-
spective bottles and a rubber band, which was fastened to

a wire hook arcund the neck of each bottle, was snapped

3

over cach stopper to keep it tight while the sclutions
reached equilibrium in the bath, and while shaking. All
twelve bottles were lald side by side and shaken menually
in a wooden box built for thst purpose. The box and its
contents were allowed to remain submerged in the water
thermostat for st least thirty minutes at 25 & 0.2°% ¢,
After that time the box was removed from the water bath
and again shaken by pulling it to and fro on a table top
for five minutes to insure complete squilibrium. The box
containing the bottles was then returned to the bath for
at least ten minutes to sllow the liquid phases time to
ssparate completely.

Bach sample botitle was allowed to remain in the water
bath until the 25 ml samples were toc be taken from the
ether layer and the water laysyr. Water around the top of
the stopper was removed and a 25 ml pipette in a small
rubber two-hole stopper with the rubber pressure bulb at-

tachment, like the one used to remove the water-saturated

k%11



ather from its container, was placed in the neck of the
bottle so that the tip of the pipstte was aboubt 5 mm
above the agueous laysr. About 15 ml of the ethsr layer

was forced into a ¢lean, bubt not necessarily dry, pipette.

The

&

inaside of the pipettes was riased with the 15 ml of
other solution after removing the pipette, stopper snd all,
When the pipette was placed in the bottle again, exactly
25 ml of the ether layer vwas reaoved, placed in = 250 ml
Erlenmeyer flask, and the flask stoppered until the solu-~
tion could be titrated. The method of removing ether by
means of pressgurs reduces evaporation. One pipettz was
used for removing all samples from the ether layer and
another for all from the water layer. Sanples from the
ether layer were placed in the larger flask to permit the
eddition of about 1580 ml of water bsfore titration, and
also to help one to remember which layer the sampls had
come from. 4SS an added precaution & finger was held over
the protruding end of the pipette while 1t was going throusgh
the ether laysr. Before removing the 25 ml portion from
the water layer, o few bubbles of zir were blown into the
water layer to sxpel any ether which might have entered
the pipsetts.

Samples of both layers of all acids used in this in-
vestigantion, sxcept glyeine, were titrated with 0.03219
or 0.1237 normal sodium hydroxide using phenolphthaleln as
an indicator. Since ether extracted some of the indicator

from the rest of the solution, aboubl one and cas-half
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vimes as much phenolphthalein wae added bto sach gample

from the sther laver as bto the walter layer sgamples. It

was found expedient to titrate all of the sampleg from one

layer in succsssiocn, beglaning with the most dilute.

Speeial technicue is reguired for the titration of
athereal solutions. Chandler (7) asdded water and distilled
off the ether, Dr. M. T, Kellsy, of Honsanto Chemieal

Py

Louis, suggested zadding about 100 al of
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water, an excess of sodium hydroxide, and back titrating
with hydrochlorie acid, The latter was found to be the
best method.

GlyciﬁeAis an amino acid which forms s zwitterion and
cennot be titrsted with pheaolphthelein as the indicator.

@ bhe several methods of titroting amino acids (13a, 23,
342) we chose the Tollowing for the titration of our
zlycine samples. All ether wae svaporated from ether layer
soaplss, and water leyer samples wers evaporated to aboub
2ml., This wss done Lo insure an excess of gbhout 85 nercent
nleohol for the titration after adding 50 ml of alcohol to
sach sample. Ths 85 percent excess of aleohol must be
nrescnt for the zcecurate determinstion of glycine by this
methed., One ml of 0.5 percent thymolphthalein was added,
tha mixbure hsated to boiling, and titretion with standard
hase was performed in the boiling soluticn o a gresnish-
blue ond peoint for the samples Trom the ether layer, and o

2int sky-hlue end point for thce water lsyer gamples. This
titration is considered to be a measure of bthe earboxyl

groups present in the smino seid.



TABLE 1

ADIPIG ACID
HO0C. Ol . Gl . CH,y . OH 2. CO0H

LE’ q\TJ s = ll{ué » lly

3]
EXPERIMENTAL RESULTS AT 25 C.

Titration of 25 ml. Titration of 25 ml.

of water layer of ether layer
zle NaQOH ml. NaCH ml, HalH ml. HaOH Ratio
0.03219 . 0.1237 &, 0.03219 N. 0.1237 N.

W e w/e
40.10 ————— 20,58 ———— 1.95
40,31 e 20,76 ——— 1.94
1@-0.40 b sbintnd 20.80 - - 1-91{‘
99.15 e e s 52. 25 - e 1‘90
96,72 s 50.85 ———— 1.90

100.40 ———— 52.83 ———— 1.%90
159.02? 41,38 84,58 s 1.88
155,26% 4040 32.41 e 1.86
197.07* 51.28 107.43 ——— 1.83
CALCULATED MEAW VALUES

Acid in water layer (W) Acid in ether layer (E)

Normality g./1. Normality &./1. W/E
90,0129 1.38 0.0065 0.95 1.98
0.1069 15,62 0.0557 8,124 1.92
0.2357 3445 0.,1281 18.72 1.84
0,2705 39.53 0.1486 2L.72 1.82

¥Gglenlated.
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BARBITURIC ACID

HO-@’I§?~GH
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O
e W, = 128,09
TR T SRR ) TICITT O LR 4 ’O H
DAPIRTIENPAL, RESULDS AT 25 C.

Pitraetion of 25 ml.
of water layer

ml, NaQ#d
0.03219 M.

nl, HaOH
a_129

T
@ ode Zo_F A

w
23-41 m——
23,2 -
23,36 ——
-}+5 n62 -—
45.71 —-———
60,70% ——-
G1.17 -
60-[4—2 -

Titration of 25 ml.
of sther layer

ml. NaQH ml. HaOH
2.03219 M. 0Q.,1237 H.

=

*Both layers are saturated at this conceatration.

CALCULATED MEAN VALUES

Acid in watsr layer (W)

Hormaliby 5-/1~

0.0253 3430
{)4.033*3 «!y. 91‘,
0.0515 6.60
0.0644 .25
0.0773 9.90

Acid in ether layer (E)

2o/l

0.08
0.12
0415
.19
0.23

Hormality

0.0006
0.0009
0.001z
0.0015
0.0018

e

N
AVEAUVA VS AWS AW
L ] L ] - [ .
COOOCO



EXPERIME

Titration of 25 ml.
of water laver

TABLE 3

CROTONIC ACID
CﬁB.Gﬁt H.CO0H

¥, V. = 86,09

18]
IENTAL RRESULTS AT 25 G,

Pitration of 25 ml,
of ether layer

ml, Hall ®l. NaCH ml. NaOd nl, NaQH
0.03219 ¥, 00,1237 K. 0.03219 ¥, 00,1237 N,
W &

14,48 - 5?-}3 =
14.55 ———— 57.01 ot o

14.55 - 5774 e

27o 89 hhansid llé"?if T e L

27.61 - 116,50 e o

62.68 ———— 294.40? 76.61

62: 95 T -— 291{». 92:f 76.74

63 .lO inadeniiand 296.00* 77.02
110,437 28,75 588,17% 153,05
110.9L1" 28,86 588.21* 153,06
111.227 28.9L 5388,98% 153.26

CALCULATED HEAN VALUES

Aeid in water layer (W) Acld in ether layer (E)
Normality g./1. Normality g./1.
0,.0078 0.67 0.0296 2.55
0.05L2 LoB7 0.2280 19.63
0,0885 7.62 0.,4212 36,25
0.1194 10.28 0.5041 52,01
0.1506 12.97 00,8127 69,97

*Gnlouluted.

20

Ratio

0,253
0.253
0.251

0.239
0,238
C.237

0.213
0.213
0.213

0,183
0.187
0,187

kI ]
[ 2F BFsn)

0.263
0.238
0.210
0.198
0.185



FORITIC ACID
HCQOH

LE . T"v” - - 1{;—6 Yy 03

8]
ol £e

WVDTE T s 0
LRPER DTS A 25 G,

Titration of 25 ml.
of ether laysr

‘Cga
Hs
o

- P LY - Y - T AT - AT q (YT
ml. ¥alH {20H ml. NalH nl. RBalH

JE A a2
0.03219 F. 0.1237 H,

0.03219 W, 0.1237 H.
s L5 ¥ ’/ &

N ON D
:}\é. ,,:g

it O A
_:i{

2oid in water layer (W)

-98
29.7

77.10
77.00
76.13

150,52

151.72
151.58

CALCULATED

19.83
20.75

20.38

e N
el & 3 ]
s
O O
~of P~

L
o
o G
[ ]
o
A

108 411.;.

M a9k
> o B
featin 7

Woraslity

»
O G A3

L
FRVS RN )
font

3D O

L]

SCCoOoO
L ]
~JNAA OO

=3 ¢

g./l’na

237
10.85
17.49
26,68

34.38

TAW VALUES

o i an daie

- e

o e G

o . R

- T T

PR

Aeld in ether layer (&)

*

*®

32
I'Lg
a7
63
52

SO
L ]

R OO

2N R

L ]

*Caleulated.

z./1.
0.8/
3.90
6.38
9.36

13.13

*

&

LSRN
L]

-3 0

D e g

L]
*

BRSO
-

~7 € Ca

fd DY\

-

i 3
2
=3

VIV

,
Lo

L
)

L]

*

2210
L]

OO

D ™3 Do

PO NN
.

CNON~g~) G

G- O3



T»A;TC ECIB

HC—CH

W. W. z 112,08

_ (]
TIFORIMENTAL RESULTS A% 25 (.

Titration of 25 ml.
of water layer

Titration of 25 ml.
of sther layer

ml. NacH ml. MaCH rl. RaOH
0.03219 N. 0.1237 N.

ml. HaOH

B2
B

0.03219 ®H. 0.1237 K.
W

&
8.70 - 30,40 —
8.69 S 30,40 -
5.71 s o }O.A.Z;. S

16,46 - 61,52 ——
16' 39 —— 03 . ..L bt
15.90 e 560, 8¢ S—
SRy - 154 ,560% L0.75
37 50 - 158,.25% 41,18
36.50 - l;b‘uo* L0, 76
50440 o d7l.35* 70,66
57699 hadeat 269. 56( ’67. 80

Acid in water layer (W)

CALCULATED MEAN VALUR

Aeid ip ether layer ()

Wormality  g./1. Wormzlity e./1.
0.008Y 0.95 Q.0296 3.18
0.0324 3.63 0,128 Thodd
3.0564 6.32 o 2H4T7 27443
0.0782 8.76 0.3168 35.51
0.0811 9,09 0.3697 Llo4d

*Caloulated.

Y (‘,'{
Yo @ €503
Ea

o 7



"TABLE 6

GLYCOLIC ACID
HOGH, . COOH

M. w. - 76.05

EXPERIIVIRNTAL RESULTS AT 25 C.
Titration of 25 Titretion nf 25 mi.
of waher layer of ether layer
nl. NaGH il Nald fal. Ha0i mile HalfF Ratio
0.03219 ¥. 0.1237 ©. 0.03219 W. 0.1237 W,

W a W/a
66.78 e e 2.00 o e 33,4
66.47 ——— 1.90 - ' 35.0
66,50 ——— 1.86 o o o 35,8

131.587 34,24 3.8 — 3uls
134.12% 34,90 3.8 - 34.6
133747 34.80 3. 63 - 36.8
336.l5f 87.47 9.51 —— 35.3
335-927 87-41 '9 45 = 35-5
335.80" 87.38 9.27 —— 36,2
669.63* 174,26 18.94 ———- 35.4
6714447 L7471 18.88 —— 35.5
GALCULATED MEAL VALUES

Acid in water luysr (W) Acid in sther laver (7)

Normality  £./1. Normality g./1. /R
0.06LL 4490 0.0018 .14 35.5
0.225L 17.14 3.0064 0.48 35.5
0. 3864 29.39 0.0109 0.83 35.5
0.6440 49,00 0.0181 1.38 35.5
0.9016 58.57 0.0254 1.93 35.5

*Calculated



TARLE 7

ALPHA-HYDROXYISOBUTYRIC ACID
(CH3) ,C(0i1) . COCH

&
TACKTT MO AT R
BIULTS AT 25 ¢,

Titration of 25 =i,
of sther layer

ol . ¥Halk ml. TelH
0.03219 ¥, 0.1237 ¥.
@
ll . 77 o ————
11.89 ———
24,42 ——-
2450 -
23.97 -
255,417 66,46 60,62 —
270.,16% 70.30 64l ——
5344297 139.03 138.50 ———
535,02% 139.22 138.68 ———
536.91% 139.7v 139.31 —
CALOUTATED MEAW VALUES
Acid in waber layer (1) Acid in_ether laysy (I}

3

Normality =./1. Normality =./1.

0-0?08 ‘703‘ Goﬁlsg 1-3629
0.2293 23.87 0.0533 5.55
0,3967 41.30 0.0958 9.97
0.5410 56,32 0.1352 14.07
0.6994 72.81 0.1821 18,96

#Galeulated

ot
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%
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ub%‘“f*f‘
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TABLE 8

1OROBROMOACETIC ACID
BrCHz.COOH

M. W. = 138.96

o
EXPERIMENTAL RESULTS AT 25 C.

Titration of 25 ml, Titration of 25 ml.

of water laysr of ether laysr
ml., WaOH ml, NaOH ml. NaCH nl. NaCH Ratio
0.03219 W, 0.1237 K. 0.03219 H. 0.1237 H.

w & w/e
15.20 ———— 62.37 ——— 0.308
18,93 - 61.98 ——— 0.306
18.91 —omm 62,23 ———— 0.304
36'13 T 126123 e - 0.286
35.92 - 125,81 -———— 0,286
35.68 ——— 125,13 S—— 0.285
8L.14 ———— 317.03* 82.50 0.265
84L.05 ——— 318.06* 82,76 0.265

159.79* 41.78 636.90% 165.73 0.251
159,06% 41.39 635.94% 165,48 0.250
158,06* L1.13 633.63% 164.88 0.249

CALCULATED MEAN VALULS

Aeid in water layer (W) Acid in ether layer (%)

Normality g./1. Normality #./1. W/E
0.0204 2.83 0.0644 8.95 0.317
0.0735 10.21 0.2705 37.59 0.272
0.1247 17.33 0. 4740 65.87 0,263
0.1645 22.86 0.64L14 89.13 0.256
0.2200 30.57 0.8887 123.49 0.248

fCalculated



26

TAELT 9

MOWGCIILOROCACETIC ACID
C1CH,.CO0H

?Il’Q ’(‘:‘)7. - 94' 50

Q
EXPERIMINTAL RESULTS 4% 25 .

Titration of 25 ml.
of water layer

Titration of 25 ml.
of ether layer

ml. NaOH mle. NalH
0.03219 ¥. 0.1237 N,

nl, WalH ml, Ja0H RBatic
0.0321¢ I, 0.1237 W,

w e /e
23.5 -—=- 51.05 ———- 0.457
24,05 ——— 52.63 -——— 0.457
23.67 ———— 51.85 e 0.457
46,02 ~———— 106,80 ——— 0.431
L5.89 ~——— 106.95 o e 0,429
L5.94 -——— 107.30 ———— 0,429

107.11 —— 271.51% 70.65 0.395
108.00 - R73 R4 71.10 0.395
106,60 - 270.82% 7047 0,394
204 h5* 53.20 545.5L*% 141,95 0,375
205,337 53e43 549.55% 143,00 0.373
204,56 53.23 550.39* 143.22 0.372

CALCULATED MIEAN VALUES

Aeid in water laver (W) Acid in ether layer (F)

Normality z./1. Normality =./1. W/E

0.02L7 2.33 0.0515 L87 0.481
0.0908 8,58 0.2150 20.70 0.415
0.1471 13.90 0.3735 35430 0.394
0,211 19.98 0.5538 52.33 0.382
00,2767 26,15 0747 78459 0.370

*Galeoulated.



TABLE 10

SUCCINIC ACID
FOOC . CHy . CHp o GOOH

¥, W. = 118.09

DEIOTTT M Af 3]
FAPERIMENTAL RESULTS AT 257 C.

Pitration of 25 ml. Titretion of 25 ml,
of water layer of sther layewy

ml. WalH ml. Mglll ml, MalF zml, MeQH Ratio
0.03219 ®¥. 0.,1237 K. 0. g H. u.l?}? H.

o
~~
&

60,38 o e
60.32 ——

59.79 e

122,02% 31.75
121, 78* 31.69
119.90% 31.20

303,87% 79.07
304,98 79136
304.17% 79.15

606,4%% 157.91
6081535;‘( 1)8 38 < ﬁ.
607.85% 158.17 80.83 ——

- e dns

[ 2
o
u

-

» » .
G~
G

O 0
oy

WA O R

- - n

*® 9

o o A

~ANINE SIS

-
B O
AWAR s (4]

e w09,

- an N

o -y -

. » .
VOGN ~ITR DR

ATV R WL RWE)
SEND D
[0 X9 ]
S O\t
RNV ES]
L] * &

® & 6

LAy

. s ke

o2
<
-
11
w1
W WA

- . o

u:}
&
3

S R T V]
™

CALCULATED MEAW VALUES
Aeid in water loyer (W) Acld in ether layer (8)

Normality g./1. Kormality  g./l1. W/E

0.0515 6,08 0.,0066 0.78
0.2705 31.94 0.0349 L.12
0.5152 50,84 0.0674 7.96
0,7020 83.51 0.0929 10.97
0.9016 106,247 0.1207 14,025

4 @

2 &

e b B
A O 3
3 OV




TABLE 11

TARTARIC ACID

HGOC, leu“ LCHCILCO0H

WM. W. =z 168,10

EXPERIMENTAL RESULTS AT 25 G

Titratien of 25 ml. Titretion of 25 m
of water layer of ether layer
ml., NaCH ml, HaOH ml, NaOH ml, WaOH
0. 03219 W. 0.1237 1. 0.03219 ¥. 0.1237 H.
73.92 ——— 0.20 ———
73.66 - 0.22 ————
7350 o 0.37 ———
148,80% 38,72 0.54 ——
1,8,72% 38,70 0.59 S
1.,8.65% 38.68 0.61 ———
374.15% 97.36 1.30 ———
374 4R2F  97.43 1.34 e
375.00% 97.58 1.36 ——
750,38* 195,26 2.48 ———
750.92% 195,40 2.58 ———
750.81% 195.37 2.59 ——

CATCULATED MEAN VALUES

Aeid in water layer (W) Acid in ether layer (B)
Normelity =./1. Normelity ./1.
0.0644 10,83 0.0002 0.04
30,2898 4L8.72 0.0011 0.18
0,5152 86,61 0.0018 0.31
0.7406 124.49 0.0026 0.43
0.9660 162,28 00,0032 0.54

*Calculated.

Ratio
‘T_,})’/e

369
335
200

276
252
241

288
280
276

303
291
290

W/E

L4
268
281
289
295

28



Titratiecn

of water

ml., NaQi
0.03219 H.

W

IRV AV AN
*® & »

TABLE 12

TRICHLC R0ACETIC ACID
C150.0008

M. We = 163,40

o

CYPERTLONTAL RESULTS AT 25 C.

of 25 nl, Titration of 25 al.
layer of ether iayex
xl, Hald rl. HalH ml. HaQH
0.1237 H. 0.,03219 W. 0.1238 H,
e 68.00 -
~———— 58,35 -
——— 76.11 ——

———— 1444345 37.56
——- 145.53% 37.87
S 144,157 37.51

ideo 75 v 368,777 95.96
44490 - 366.93* 95,48
Lbe o 70 et 367.39* 95.60
71,96 o 712. 91} 185,51
72.17 o e s o 713, 03* 185.54
72.36 o v 712.65% 185,44
CALCULATED WBAW VALUES

deid in waber laver {W) Acid in ethsr laver (B)
Hormelity g./1. Wormulity  z./1.
0.0209 341 0.0875 14.31
00,0314 Bel3 G.1758 28,72
0.04—37 ?ll!" Oo 3053 *’&-9'88
0.0603 9.37 0.5068 82,81
G.0934 15.26 0.9248 151.11

*Galculated,

Ratio
w/e

0.241
0.240
G.228

0.174
0.174
0.174

0.122
0.122
0.122

0.101
0.101
0.102

W/E

0.238
0.179
0,143
0.119
0.101



Biit

EXPERIL

Titration of 25 ml.
of water leyer

mi, Nalli
0.03219 N.

W

72474
66,74
67.93

1136.43*
135,89*
135,417

340,14
339.76%
339.18%

661,91%
662,54
668.49*%

TABLE 13

Fome
A

SFERAN ..)—E}IJ FOI ; I C :‘LGI L

CéﬁstBH

M, W,

YO

0.1237 N.

- -
b van o

—— o

3550
35.36
35.24

88.51

88,4l
88.26

172,24
173.95

CALCULATED

Agid ip water laver (%)

= 158,14

O
AL RESULTS AT 25

Titration of

C.

25 ml.

of ether layer

ml. ¥MaOH
0.03219 H.

e

. .
RN
To~3

*

a =
o

” ®
i
%acwu

A4

QOO0 OO0 O QOO
*

03 \D D
o=

* »

MEAY VALUES

£eid in other layasr {(2)

ml. NaQH
0.1237 N.

- -

C e

-

—— .

-

o -

- o= oy n-

- sy -

A . .

-

Normality

0.0837
0.2769
0.4701
0.56633
0.3630

g./1.

13.24

£3.79
Tha 3k
104.89
136.47

Normmality

0.00030
0.00043
0.00067
0.00091
0.00116

*Galeulated.

g./1.

0.05
Q.07
0.11
O.14
0.18

Ratio

404
247
308

525
618
521

654
739

- 708

77
728
777

Vi/E

280
656
705
727

752

30



TABLE 14

DICHLOROACETIC ACID
ClCHz.COOH

ATRIIT AT T . a ~e8 A
EXPORIMENTAL RESULTS AT 25 C.

Tibtration of 25 ml Titration of 25 ml.
of water laysr of ather layer
mil. NalH nl, WalH ml. HaQH ak. Wali
0.03219 B. 0.1237 H. 0.03219 H. 0.1237 i,
¥ &
12.60 e 71.83 o e
11.77 ——— 657.26 - o
12.76 s 7211 ———
20.87 o 148,58% 38.66
20,60 ———— 149 02* 38.78
20,04 14k 7% 3752
L2.0C o o 377.46% 98.22
L2420 e e 377.59f 98,28
42» 23 - i wm 377.81‘;( 98-31

The55 —-=- 732.62% 190,64
74,60 ———- 73L1.54* 190.32
7..01 ——— 725.59% 188,81

CALCULATED MEAN VALUES

Aeid in water layer (i) Agid in sther layer (1)
Hormality z./1, Hormaelity g/l

0.0139 1.79 0.0773 9.97
0.0325 419 0.2576 33,22

0.0545 7.03 0.4869 62.79
O 0765 9.86 0.7213 93,01
L0375 12,62 0.9769 126.23

*daleulated

Ratio
w/e

0.175
0.175
0.177

0.140
0.138
0.139

0.111
0,112
Jg.112

0.102
0,102

31



TABLT 15

JLYC II\*J.:
Gﬁ goox

5.;

= 76.

\J“;

T I”""?\Tm;‘\T ﬂ""(""'f]'l’ms iff‘ 95 G

.Jlk-l ©osh

Titration of 25 ml.
of weter layer

ml. NQOI ml, NaOH
0.03219 7 0.1237 M,
¥

71.60% 18.63

59.34% 15444

70.90% 18,45
135,397 35,23
135.27* 35.20
138.58% 36,06
318,97* §3.00
311.36% 81,02
307.32% 79.97
559,12% 145449
5544 39F 144.25

5564507

Acid in w

145.33

ater layer {¥

Noramality z./1.
G 0644 be 90
De2254 17.14
0.3864 29,39
0.5410 i1.14
0.7213 54.55

Pitration of 25 ml,

of ethsr layer

ml., NalH ml, NaeCH
0.03?19 “a 80,1237 M.,

e
0.70 —
0.65 S
0.83 —
0.8% —
0.56 —————
1.02 ot
1.00 o~
0099 s -
1.16 ——
1.13 I
1.17 ———

LATED MEAY VALUZS

Acid in sther layer (%)

Hormality o./1.
0.0007 .06
0,0012 Q.09
90,0013 0.10
0.001. 0.1¢
T.03015 GJ1L

*Caleulated

Ratio
we

102
91
107

163
161
161

313
311
310

482
491
L7

Vi/B

86
195
302
392
483

32



Comparison of Our Results with Literature

CROTORIC ACID

Our results at 250

Ether layer Ra;io
i a, l. 1’!{ E
69.97 0.1385
52.01 0.198
30 26 Q.210
~.Dﬁ 0.263
at 25°, H. W. Smith (48)
0,951 0.303
0.4772 0.307
0337 0.316
0.235 0.312
9.146 0.317

FORMIC ACID

Our resulis at 250

Ether layer . Ratio
g./1. W/E
13.13 2.62
9-96 2.68
6.38 2.74
0.84 2.83

st 18° , Auerbach and Zeglin (2)
13. 13* R34
.96 2.38
6.28 Rold
)‘/ 2»4«8
&’p 2’53

[s) 4] . .
at 25 , Averbach asd Zeglin (2) at 25 , H, W. Smith (48)

Ether layer Ratlo Ether layer Ratio
.;_LJ. ». :;w ﬁ;./l. N/E
0oLl N.A4 0.219 2382
0.230 2.63 3.150 2.72
C.092 2,80 0.106 2.85
0,075 Rs 94

,,,,,

90 ceo” Y - W ¢ _ .4ia



MOROBROMOACITIC ACID

Our

'L:ltij &P lf'a o
/L.
1»3 A9
89.13
65,87
37.59
8.95

at 18°, Knaus {30)

Ether layer Rotio
/l. w/“

106 99 @.2&
82,48 0.23
62.25 0.26
41,41 0.26
25,84 0.27

1.75 0.29

0
ragults at 25

P K4
Rat
Ny

et

(SAIEIN I I ™

3 DA O“\OO.

&

-

i0
A
E
2
7

20

e

¢ € ¢ 8

OO OQOO

*

1

2t 25%, H. W. Smith (48)

hthq¢ layer Ratio
2o/l W/E
7 0o 44
9] 8?) 0;485
J.ASB 0.568
0.262 0.694
0.186 0.719

HOMOCELORQACETIC ACID

o'
Our results at 25

Lther layer
fe/le
70.59
52 33

« 30
0 70

/g.()

o
at 18", Knaus

89.9%
78.96
62,90
46485
31443

at 25°, Hantzseh and Vogt (22)

Bthor layer .10
/la :

(3'

1,89
l.42

N
V.};

0.47
0.19

n\.d}lﬁ
0.370
0,382

0.394

Vedls

0.481

{30}

Ue BW

0.36

0.36

0.36

0,38

at 257, H. . Smith (48)
Bther layer Ratio

g./1. u/e

l v‘,-’rji‘ Ol 565
1.27 0.581
0.80 (3.602
0.63 0.690
0.35 0.769
DaR2 0.826
U.15 0.926



o
at 187, Knsus
Btaer layer
ge/l,

142,82
133.28

70,51

40,60

quLst’

ACETIC ACID

gur results ab 2;

&t 25
Zther iq reT
g./1.

TRICHLOROACETIC ACID

, o)
Our results at 25

Ether laysr
2./1.

151.11
82,81
49.88

28,72
14031
at 18°, Knaus (30)
Ether layer ' Ratio
fgﬁ/l¢ w/E
282,21 0.10
172.88 0.10
170,07 0.10
110.20 o 10
71.89 0.12
43.73 O.14
40.52 0.15

Ratio
3/

0.101
0,119
0.143
0.238

v
H, V.

35

amith (48)

et

R T e
ab 257, H. W, Smith {48)

Bther laysre

ga/1s

Q.7‘

Ratlio

0 r
O

43



SUGSTNIC ACID 36

_ )
Our results at 25

“th@r layer Eatia
/1. /T
1./5 7ehT
10.97 7.56
7.96 76l
beld Tald
06.78 7.83
2t 25°, Torbes and Coclidme (13) ab 25%, H. ¥, Smith (48)
Sther loyer Ratio Ether layer Ratio
z./1. V/E z./1. W
11.95 7+ 40 0.32 5,03
8,69 743 0.18 5.13
5,76 7.58 0.10 5.05
2.93 7.69 0.06 5.38
Q.DB 5055
at 25°, Chandler (7) st 15°, Bertholst and
Jungfleiseh (5)
2,63 7.73
0.88 779 73 5.6
0.32 7.81 6.7 6.3
0.18 7.95 &.1 6.0
0,08 8.39 Lol 5.7
0.05 8.42 2.2 5.4
0.03 8.79 1.3 5.2
0.46 BeR
Forbes end Coolidge give a tem- {(e¢f. trend of W/E with
perature coefficient for the othsr data)
succinic acid-ether-water system at 140, Gebman and Daniels
of 0.0255 units per degres C. (15)
for the partition ratio. 7.9 5,0
7ok 5.9
7.1 5.1

SUCCINIC ACID

The solubility 1n m./1 for ISCLATED purc water (Sw)
and ISOLATED pure eth Se) comparsd with £./1. in water
layer (Cw) and ether ldywr (Ce} in contaet with ecch other
at eguilibrium,

at 23°, Silov, Lepin, Jumiak (46)

Sty Se Solubility Cu Ce Partition
Ratio Ratio
72 3.8 19.0 82 11.5 7.1

) at 17.5°, Perschke (39) ,
56.52 3.19 17.72 59,98  8.48 7.07



Cur results at 250

Ether laver Ratio
g./1. W/E
0.54 295
O.L3 289
0.31 281
0.18 268
0.04 244,
st 25°, H. W. Smith (48) at 27°, Pinnow (42)
BEther layer Ratio Ether layer Ratio:
g./1, VW/E g./1. /s
1.02 16,3 11.77 234
0.43 14.6 6.72 253
0.25 14.4 3.36 266
0.11 13.4

temp. not given, Fspil (12)
N/2 to N/20 260

(The concentration is for
the aqueous solution before
shaking with sther.)

d-TARTARIC ACID
Solubility in g./1, for ISOLATED purs water (Sw) and
ISOLATED pure ether (Se) compared with g./l. in watsr layer
(Cw) and ether layer (Ce) in contact with each other at
gguilidbriam,

abt 23.5°, Silov, Lepin, Janiak (46)

Sw Se Solubility Cw Ce Partition
Ratio Ratio
1470 5.7 256 1370 16 86

It is believed that o misteke was made in transposing
to the Tables Annuelles from the original data. Probably
the data should read:

1370 16 86 1470 5.7 256

GLYCOLIC ACID

Our resulbte at 25Q

Ether layer Ratio
z./1. W/E
1.93 35.5
1.38 35.5
0,83 35.5
Cet8 3545
0.14 35.5

at 266, Pinnow (42)
e 38 4 1
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DISCUSSION OF RESULTS

Bach agueous solution of organic acid was adjusted to
four approximate concentrations, i.e., normal {(or saburat-
ed), H/2, N/5, aznd N/10, before sheking with ether. Three
samples were rTun at each concentration to dstermine the
pertition ratio w/e, the ratio of the scid concentration
in the water layer to the ether laysr concentration. These
partition ratios were plotted amainst the concenbtration in
the agqueous laysr for one set of graphs, and plotted ageinst
the acid concentration in the ethersal lsyer for ancther
set. A smooth curve drawn thru these points was used to
zet the mean ratios W/E and the concentration (%7) in the
water layer or (E) in the sther layer. The graphs were
too unwieldy to be included in this thesis.

The largest source of srror, perhaps, was in pipei-
ting samples after the systemns had rsached eguilibrium,

In both the pipette which was used to remove water layer
samples and the ether laysr pipette there was always the
"wine drop effect.” In other words the ether, being more
volatile, would evaporate first and always leave droplets
of water inside the pipette. No way to prevent this error
could be found although 1t is reduecsd to a certaln extent
by using 25 ml pipettes instead of the 10 ml ones first
tried. Forbes znd Coolidzget's gravimstiric method is prob-

ably more acocurate than ours, but the appaeratus reguired

is far more slaborats, and the work more time-consuming.
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Brror due to the presence of carbon dioxide is within
the experimental error at the concentrations studied in
this investigation.

The titration of samples which required less than
5 ml of 0.03219 normal base was subjeet to an error which
could have been deereased if we had used larger volumes of
acid solubtion, microburettes, or a more dilute base; how-
gver, the phenolphthelein end point of nmost of the wesk
organic azcids would be very difficult to see if the solu-
tions were much more dilute.

Titration of glycine with thymolphthsaslein was sone-
witat difficult when a large quantity of acld was present;
however, by using the Tirst sample s a color standard for
all other titrations, any error from titrating to the
wrong end point will cancel when calculating the w/e ratios.

Comparison of this work with that of others was diffi-
cult in most instances because other investigztors worked
either with more dilute sclutions or at a different temper-
abture., Temperatures corrections were not applied becauss
they would be likely to vary with each acid, and they are
not known for sny acid used in this work except succinie.
For comparison, howevsr, all available data were included
regardless of concentration as long as the work was done

- o]
betwsen 14 and 27

C. There is some dissgreement on partl-
tion data in the literaturs, and our results compare favor
ably in meost instances with literature values IF extra-~

polation of cur curves is permissible in order to compare
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the partitlion ratios at the same concentrabtions. We

disagres with Smith on the partitlion ratiocs of formie,

succinic, and tartaric aclds. Knsus worked in approxi-
mately the same concentration range as we did. And ale-
though his work was done et 189, IF WE ASSUVE the tempera-
ture coefficient of the partition ratio to be gmall, our
results compare favorgbly with those of Knaus'! work except
on dichloroacetic acid. The outstanding disegreement still
seemrs to be upon succinle acid, no two workers agreeing
although discrepancies are less serious., OQur work is more
nearly in agreement with that of Chandler tharn of any other
worker, The classical data of Berthelot and Jungfleisch
are obviously errconeocug {or succinic acid.

The reader will see that the fellowing conclusions may
he drawn from our data in the preceding tables:

1, The partition ratios for glycolic and barbiturie

acids remain practically constant.

0o

. The partition ratlos of all halogen-substituted
acetic aclds decrease with an Increase in acld concentration,
this partition ratio decrease being greatest for trichloro-
acetic and less for each acid in the order named, dichloro=-
acetlic, monobromoacetiec, and monochloroacetic,

3e Changes of the partition ratio with concentration
for erotonic and furolc aclids are gimllar to those for the

halogen~-substituted acetic acids,



41

4. The partition ratlos for succinle, adiplce, fommie,

ant alphe-hydrogylsobutyric acids decrsase with an increase

in aclid ceneentration, Theae ratios, as well as the ones

for varbituric, glyecolic, and tardaric acids, are dlrectly
vroportional to the concenbration over the concentration
ranse studied.

5. The very large partitlon ratlos for glycine, tar-

faric aclid, and benzenegulfonic acid inecrease with an ine

erease in acld concentration. These aclds are virtually
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A simple method was desoribed for debternining pare-
tition cocfficlents of orzanle zeilds betwaen ether and
waber at & conastant tempsraturs,

The partition coafficicnts of fifteen orgeniec scidis
vers dobtermined for concentrastions ranging {roz normal,
or saturabad (before mixing with ether), to onc-~tsnth
norazl solutions ot 25@ C.

avellable partition ratios from the litorature are

<

preseanted for ths systems studled, In most instaness our

(.‘3

rasults compare Tavorably with litersture velues,

The oartition ratios of furocie, zlpha-hydroxylso-
butyric, zaminocacetic {glyelne), zdipic, barbituric, and
benzenesulfonic =zeids have nsever been deternined previ-

oualy,
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