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Introduction.

Piceric acid possesses the property, which is
rare arong strong electrolytes, of having a con-
venient distributicon ratio between water and certain
organic sclvents such as benzene, chloroform, etec.
Because of this property, picric acid offers peculiar
advanteges for studying the well known deviations
of strong electrolytes from the law of mass sction,
fors by means of distribution experiments, the
activities of picric acid in various agueous sclutions
may be compared.

In order to interpeet the results of suech dis-

tribution experiments, it is necessary to know the

degree of ionization of pieric aecid in acueous solutioms.

At least three serieslof déterminaticns of the
ecuivalent conductance of picric =cid have been pub-
lished, but the results are not concordent; and thereforee,
the degree of ionization cannot be caleculated with any
degree of certainty.

the object of the present investigation was to
redetermine the conductance of picrie acid solutions
in order to obtain satisfactory dsta from which the
degreeyof ionizaticn of its solutions might be cal-
culated.

1. Ostwald, Z, Ph. Chem. 1. 74, ZXothmann and Drucker,

Z. Ph. Chem. 46| 827. H. Gorkeg 2‘. Ph. Cheml 61’ 495.
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Cutline of kiethod.

Determination of Conductance.

The ususl Wheatstone Bridge arrange-
ment as shown in fig. (1) was used to
measure the conductance, A is a Kohl-
susch slide wire bridze., Across its
terminals is placed a telephone receiver
T, while in series with it are placed

the conductivity cell C, and the vari-

able resistance R, 1 is an induction

Fig. (1)

coil, the secondary of which is connect-
ed to the slider S snd the heavy copper lead connect-
ing ¢ and R. B is a small variable air condenser

which may be emplcyed to balance the capaecity of the
cell C, thus giving a more distinet minirum sound point
in the telephone when the sy=tem is balanced. The

cell C was kept in a thermostalt at s temperature of
25+ .02 C.

In order to obtain grester silence during the

measurirents, the buzzer was placed in an adjoining

room under a bell jar, and suspended from the cork

in such & way that it did not touch the sides. The

jar was placed on a heavy felt psd. 'ith this arrange=
ment very little sound was audible even in the room

where the buz:zer was.




The cells employed were of the pipette, design
as shown in fig. (2). Two such cells were used;
one, with electrodes sbout 15mm apart for concen-
trated solutions, the other, with electrodes about
8mr apart for the mere dilute solutions.

The cell constents of both

these cells were obtained by

messuring the conductance of Ii/50

” 1
KCl solution whose conductance was
-
taken as 2,768 10 . The constants
for these two cells were found to be

0,5172 and 0.,2630 respectively.

Calibration of Slide VWire Bridge.

The following method proposed by Strouhal and

I

barus was used for calibraeting the slide wire bridge.

Xt
'ﬂg Fig-(3)

1. Findlay, Fractical Physical Chemistry.



In & strip of wood 4, of about Zinches by
4inches by 3feet, eleven holes, 1 inch deep and
3/4inch in diameter were bored =snd partly filled
with mercury, fig. (4). These cups were connected
by means of 10 approximately equal resistances of
"Ideal"™ wire. To each end of esch lenchh of resis-
tance wire was soldered a heavy copper lead. This
lead dipped into a mercufy cup. £HEach resistance
was about 1/10 the resistance of the slide wire
bridge £Y. The ends of all copper wires dipping
into mercury cups were amalgamated. The srrange-
ment is shown in fig. (3) and fig. (4).

The lead i, from the telephone reéeiver was plsced
in cup#2 and the point of minimum sound determined.
Then ig —gﬁ where R, is the resistance of
resistance 1 andfR the sum of the resistances of the

ten wires, (see fig. 3).

Resistances 1 and 2 were then interchanged and the

po nt of minimum sound again determined; then
X R,
XY ' ZR . The 1ead was moved to cupfz, then when the
KC R,*R, CC R,
system w=s balsnced, XY _—Tfand XY 3R« Hence

['1-‘{ - - 3 -
a distance CC is obtained whose resistance corresponds
- 3 l - ” I,
to resistance I, i.e. the resistance of CC equals

that of XC,



By replecing in this menner each of the resistances
by resistance 1, ten distances on the slide wire
bridge of exactly the same resistance are obtained.
If these distances are of equal length no calibration
correction is aspplied. If not, the correcticns may
be readily calculated.

The bridge calibrated a= above, was found to
be accurate to 0.02 percent between reasdinzs of
40 and 6C em. All subsequent readings were limited

to this range.

Conductivity Veter.

The conductivity water used was from a conductivity
still and 2lsays had & conductance less than 3 XlO6
reciprocal ohms. ?he average velue for the water used
waes about 1.5 x 10 ’ reciprocal ohms. All bottles,
flasks, burettes, ete., which came in direct contact
with the conductivity water were well clesned and

steamed before using.

Purification of PFPicric Acid.
It may be that the discrepanbies occuring_in
the results of previous workers wereesdue to imgcurities
in the pieric scid. Hence in this determination
particular care wss teken to secure pure =cid. A
sample of llercK's picric acid was crystallized three

times from water and twice from alcohol.




Hereafter this is called sample A, UHext some of
Baker's C,P. pieric acid was used. One lot, sample
B, was ecrystallized twice from water, once from
alcohol,snd once again from water. Another lot,

sample C, was crystallized but twice from water.

Anslysis of Solutions.

In order to determine the concentration of the
picric =scid sclutions, the following method_was used.
A nearly saturated solution of acid was m~de &2t room
~temperature, and its concentration determined by
titrating ageinst & standard solution of barium hy-
droxide, using pkhenolphtalein as indicator?’ The
density and the eonductance of this solution were
then found. The other solutions of acid Were made
from this one by adcing a known weight of water to a
known weight of solution, it being assumed that the
volumes were additive.

The barium hydroxide solution was kept carbon

dioxide free by an arrangment as shown in fig.(5).

In—this—marmerL.

1, Rothmann and ﬁﬁcker used same method to determine

the concentrations.



Soda

Lime

Ba(oh),

In this manner the solution was

rjftre‘H'e

E kept fzirly constant in :ztrength. The

E barium hydroxide was frequently titrated
H sgainst stendard HC1l, which had been

; standsrdized with Kahlbaum's sodium

- carbonate "Zur Analyses”.

F;g‘(5)

Cutline of Run.

The setusal reasuring of the conductance was done
at night in crder to avoid the disturbance of noises
about the building. 4 nearly saturated sclution of
acid was made by allowing an excess of s0lid seid to
stand in contect with conductivity water. This was
then hestily filtered, and placed in a glass-stoppered
flask. Its concentratiocn, density and conductance
were then deterrined.

The more dilute sclutions were made by =dding
water to a known weight of this scluticn in small
conical flasks, and then accurately determining the
weight of water sddied. The small flasks were well
steamed amd kept ecvered with small watch glssses at
all times.

The cell wa:= carefully rinsed out three or
four times with each solution befeore its conductance
was deterrined. Three separate settings of the
bridge were obtained for the solution, snd then the

cell was refilled with s fresh lot of the same solution.



The six values thus obtained for the equivalent
conductence checked tc atout 0.05 percent for

the concentrated soluticns, and asbout C.7 percent
for the more dilute solutions@ The aver=sge of these

values is recorded in Table 1.

Tgble 1.
A A RS, cee NG
.03224 340.6 . 02248 | 349.8 .02248 | 350.1 01773 |254.6
. 02409 346,1 .01210 | 360.4 .01031 | 360.3
101584 862,7 008585 |361.1 .006813 | 364.9
.01094 359.0 .005022 | 367.4 .002915 | 37C.3
.009804 | 359.6 .002830 | 370.7
.008621 | 359.8 .001059 | 376.0
.005934 | 365.6 .000845 | 584,57
.003509 | 369.1

1., Thruout this paper all concentrstions =re expressed
88 mols per litre.
The above results were plotted as shown in Graph#l.

The logarithm of L is plotted agsinst /A. One curve
C

each for llerck's and Baker's acid is shown, and a
resulting finsl curve as shown. Graph#2 shows the

final curve end also curves representing the results

of previous workers.

> l-
2. R water correction was neglected all thruthe
present Investigation.



From this final curve the values at several round

concentrations were taken.,

Thege are given in

Tgble 111. below gives results

investigators and present results in condensed form,

of previous

the values being taken from plotted graphs.

Table II.
Iable Ho
,03 «L2 .015 01 0075 .005 . 003 .002 .001
[43.9 350.,5 354,56 360.,3 363.4 367.0 370.3 3TE.6 276,0

Table ITI.
c Capra Gorke Ostwald | Rothmann gnd Qﬁcker
.03 | 343,9 | 342.8 340.5 340,7
+8 | 360,56 | 350,56 348.,0 346.7
01 1360,3 | 360.3 360.3 365.2
.005| 367.0 | 367.6 370.4 361.0
LO02|E72.6 | 374.,0 379.8 56647
-le 376.0 | 377.1 384,1 3 4
The Zquivalent Conductance at Infinite Dilutiony.
The data obtained in this investigation was used

in determining the equivalent conductance at infinite

dilution ( A.) for picric acid.

of 4, A, onesl

was used,

This

The graphic method

consists in plotting

values of -L-against ( CA )YV substituting different

values for I until the plotted points lie on an approx-
imately straight line.

I Noyes + Falls, (7 Am. Chem. Soc.) 4% 24 462 (1512)




T

A fairly straight line wss obtained when N=1.55 was em-
ployed, (Graph #3) . On extrapolating this line to zero
concentration the value 5832 was obtained as the A,value
for pi€ric acid.

There is considerable uncertainty regarding the
value to be used for the equivalent conductance of the hy-
drogen ion at infinite dilution at 25 C. Kendall} who has
made a2 careful study of this question uses the value 347 .2 .
This gives 36 as the equivalent conductance of the picrate
ion. Noyes and Falk? in their critical compilation of da-
ta, give 350 as the value for the hydrogen ion; this gives
&d fbr the picrate ion. In order to ovtain further infor-
mation upon this point, the conductance of soltions of
sodium picrate was determined.

Conductance of Sodium Picrate.
The sodium picrate was made by adding a slight excess

of sodium carbonate to a boiling, saturated, picric acid

solution and evaporating until crystals appeared. The salt

1. Kendall (J. Am. Soc.) 101, 1283 (1912), (J. Am. Chem .

Soc.) 39, 16 (1917)
2. H. Gorke, (Z. Ph. Chem.) 61, 495, obtains 384 for A,.

3. Sibberrad and Phillips, (Chem. Soc. Trans.) 93, 474 (1908).

4. Noyes and Falk, (J. Am. Chem. Soc.) 34, 479 (1908).



was then recrystallized three times from water. Since there
seems to be 2 difference of opinion among investigztors as
to whether this salt is anhydrous or not? it was heated for
about four hours at 150°- 170°C in order to obtain the anhy-
drous salt. A fairly concentrated solution was then made up
by weight, special precautions being observed to protect the
salt from moisture until its weight had been determined.

Following are the results obtained and which are plotted
in Graph #4.

Table 1V.

C 0364 .0167 .0107 .00641 00232
/A 71.2 73 .2 75 .4 76 .8 79 .0

From the smooth curve in Graph #4, values were taken
for Graph #5 where ‘was plotted against(cjﬂ)q—'A straight

A

line was obtained wwhen N=1.45. On extrapolating to zero

concentration the value 83.51 wes ébtained for the Ayvalue
of sodium picrate. Then tfking 51.2 as the equivalent con-
ductance of the sodium ion? the value 32.2 is obtained for

the picrate ion.

1. Gorke got 81.8 for this /\value.
2. Noyes and Falk, as cited.

3. See Note 3 of preceeding page.



Sunmmary.

That the picric acid obtained from different
sources gave practically the same results indicates
that the scid used was pure. The results of this
investigation check H., Gorke's work and not the

other two investigators. If Noyes value for/ﬂHof

350 is used, A = 33, 1If Kéndalls' value
&= Plcrate
of Ayy347,1is used, A = 36, From value
picrate
of sodium picrate found, A = 83.5 ~ 51.2 = 32,3.
picrate

This checks value of /\Hgiven by Noyes and Felk
better than it does that given by Xendsll.
Following is & table giving i{ the degree of

ionization of picric =2cid &t seversl concentrations.

Table #V.

C ‘l 005 002 o’uls 001 00675 0005 1003 0002

4 | 897 L9167 025 941 .949  .958 ,968  .973

Ve

.001

.982
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