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A

A COMDUCTIVITY NMETHOD FOR THE fNALYSIS OF
FORUIC ACID IN THE PRESENCE OF THE VOLATILE
FATTY AC1IBS PRODUCED 3Y FRMENTATION

INTRCDUCTION

In the. study of the production of chemiczls by micro-
organisms, zccurate and fairly rapid methods of analysis of
the products formed are needed. In particular the work on
the utilizatiorn of agriculturzl wastes by mierobiological
action nas been retarded by the lack of such methods. The
use of conductivity measurements in the analysis of such
products will be shown in this thesis to give satisfactory

results in certain cases.
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REVIEW OF HETHODS FOR THE ANALYSIS OF FOREIC ACID

The following methods have been used for the determina-
tion of formic acid in the presence of one or more of the
other volatile fatiy acids. In each case typlcal references
precede the discussion.

Reduction of mercuric salts. Auerbach and Puddleman

(1910), Auerbach a2nd Zeglin (1922), Benedict and Herrop
(1922), Finche (1913), Franzen and Egger (1911), Franzen and
Greve (191C), Holmberg and Linberg (1923), Cberhzuser and
Hensinger {1927), Ost and Xlein (19C8), Pregl (1917), Riesser
(1916) and Utkin-Ljubowzoff (1923).

The reduced mercury salt can be weighed or determined
lodometrically. The method is accurate but time consuming.
The reduction usuelly requires several hours of heating on
2 water-bath in the presence of suitzble catzlysts. The
subsequent determiration of the guantity of mercurous salt
formed slso regquires considerzsble time.

Reductiorn of platinum chloride to metallic platinum.

Bacon (1911) has used this method for the determination of
small cuantities of formic acid.

Reduction of lodates. Cuny (1911l). The method is like

that used in the reduction of mercuric salts. First, the
Ssample 1s refluxed with lodic zcid, the solution having been
mede strongly acid with sulfuric acid, then the iodine 1lib-

A e B 4 i sam o & s o
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- erated is distilled off and titrated with sodlum thiosulfate.
The method requires 25 much time es that using the reduction

© of mercurie sz2lts.

Reduction of potassium permanganate. Fouchet (1912),

 Grossman end Aufrecht (19C6), Cberhauser and Hemsinger (1927),
| Ost and Xlein (1908), Thittler (1923).

If the temperature, concentration and time are properly

; regulated, the formetes in a solution which has been nade

; alkaline with sodium carbonate will be oxidized by potassium

; vermengznate, while the acetates, etc. will not. The method

? has been modified many times, but has never become popular,

Tne reduction of bromine. Joseph (1912), Oberhsuser and
Hensinger (1927). The first method was shown to give unsat-
isfactory results. The second is claimed by the authors to
 be better. They itreat the formic acid with bromine in potas-
sium bromide, add an excess of standard sodium dihydrogen
arsenite and titrate back with bromine in potassium bromide
using indigo carmenstyphinic acid 2:1 as indicator. The
method is time consuming. ’

The reduction of chromic ecid. HecNair (1887), Ficloux

(1897), Ost and Klein (1908), Tsiropines (1917).

The method consisis of boiling the sample with potas-
siunm dichromate and sulfuric acid and titrating back with
potassium iodide and sodiun thiosulfate. It has the szme

objectlions agsother reduction methods.
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Decornosition bv concentrated sulfuric acid a2nd measure-

ment of the carbon monoxide evolved. Ost and Klein (1908),

Tegener (19C3). The method holds only for concentrated so-
lutions.

Reduction by metallic rmagnesium. Fenton and Sisson

(19C7). The method is not accurate enough for cquantitative
WOork.

Disvlzcement of the acetate by the formate radical.

Seermarn {1915). The formic and acetic acids czn be converted
Lo the sodium sa2lts and weighed, then by treztment with formic
acid the whole can te changed to sodium formate, and ggain this
is weighed. The first weight gives the sum of the weights of

sodium formate and sodiurm acetcte, and the second weight gives

the weight of the sodium formate plus that of the sodium ace-

PP T U R — e eem

tate expressed as sodiurm formate. F;om these two equations
the welghts of the formic and acetic acids originally present
cen be calculated. The method hzs been criticized by Laufmarn |
(1915) who repvorted that 211 the acetic acid was not expelled
even after severzl evaporations with formic acid.

¥icro analytical methods. T¥ohack (1921). These are‘

based on the reduciion of mercuric sz2lts and differ from those
given above mainly in the guantities used.

Separation by distillation depending on the various retes

of distillation of differernt acids. The method was first pre-

vosed by Liebig (1849). Duclaux (1895) devised a method of
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analysis which was bzsed on this principle. He distilled
110 cec. of a2 solution cortaining 1 to 2 percent of scid.
10C cc. of the distillate was collected in ten fractiors of
ten cc. ezch. The ratios betvween the sets of wvalues obtain-
ed by titrating these fractions and those obtzined or titrat-
ing the whole semple are known as Duclaux’s cornstants. These
constants serve to identify any particular acid, By assuming
that ezch zcild in 2 mixture behaves as if it were there zlone
Duelaux extended his method to the anzlysis of mixtures.
This procedure has been used by many investigators but has
i been subject to much criticism. Richmond (1895), Upson,
Tlum 2rd Scott (1917).

Steam distilletion. Dyer (1917) introduced a method of
steam distilletion. He aimed at keeping the volume approxi-
nately the same by introducing steam. He regulated the
source of heat and the susply of steam so that the level of
the liguid in the flask did not z2lter zppreciably. This meth-
od lessens one of the more serious errorg in the Duclzux pro-
cedure in that during the distillatlon of zn acueous solution,
unless the solute has the same rete of volatilization as the
solvent, the concentration of the latier will change. Richmond
(1895) found that in the case of formic, and to a less extent
of acetic acid the rzte of distillation is influenced by the
concentration of the solution. In the ecase of an ordinary

distillation in which the sutstance in solution distills 2%

T R POV
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2 slower rate than the sclvent, the solution will become more
conecentrated with the consequent alteratioﬁ of constants., In
an unknown mixture a2 correction cannot be applied with’certain—
1ty in such czses, Variations in ccrcentration, with conse-
quent elteration of constaznts will be reduced if the distilla-
tion 1s carried out at constant volume., The limits of vari-
ation can be reduced stilli further if relatively large volumes
of solution zre distilled compzred with the volume of distil-
lzte collected.

The following table gives the data upon which Dyer's
rethod is tesed., It gives the comparative percentages of
acid walch &istill over into the first 10C ce. fraction of
distillate from a constant wvolume of 150 ce.

Table 1

|

ropionic:n-Butyrie

69.88

ty

Lcetice

3C.75

Formnic

17.89

—

52.67

00 %0 46 Jsd e
6 40 M0 jee o
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s o0 09 joe '."

(XY I Y}

Il

The volatility with steam increases with the addition of

CHy groups. Dyer repeated the above, titrating 1C cc. frac-
tions in ezch cése and found that the percentage figure for
the first 10 cc. fraction is the distilling constant for
each acid, "or is that percentage of the residuzl azcild which

distills over ir each successive 1C cc. fraction.” He was
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2ble to show from theoretical calculatlons based upon the
above thet the rercentage of any single acid distilled over
at any time is a2 simple lozarithmic funection of the cc. of
distillate obtzined, These deductions he checked exveriment-
ally. He then was able to represent the rercentaze of acid
distilled over for any glven zmount of distillate on a log-
arithnic chart. For each individual acid this iz 2 strzight
line.

The idertification of z single acid by this method 1s
carried out as Toilows: The totzal =zcid present is titrated
with C.1 ¥ a2lkali, the distillation 1s then 80 arranzed that
the amount of pure acid contained in the totzl 15C cc. wol-
une in the distilling flask is about 0.5 cc. TFor distilla-
tion the 2cid is liberzted with an ecuivzlent amount of C.1
or C.2 X sulfuric acld. Any convernient amount of distillate,
for exarvle 100 ce., is collected., This is titrated with
0.1 ¥ alkals and the vzlue obtained divided by that secured
in the original titration. The result will be the distilling

ccnstant of the acid for the first 100 cc. fraction of distil-

- late. The nature of the acid distilled can be found by com-

varing the value obtained with the logarithmic chart.
Iixtures of acids upon distillation give curved instead
of straizht lines whern represented on the chart. Tith neigh-

boring acids these curved lines will be very flat while the

P A R
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further removed from each cther the acids are in their rela-
tive pocsitions on the chart, the greater will be the bulge
ir the curve. In the case of formic and acetic =z2cids, since
the distillins cornstant of each pure acid is known, 2nd the
distilling constant of the nlxture is obtained, one can cal-
culate in what proportion they are mixed. The use of the
methnod with mixtures of acids which are not neighboring is
cuestioned. Dyer states, "The lowest aclid of the series in
the mixture will be lidentified with certalinty since it will
eventually reach a point where it will begin to.:arallel sore
straight line on the chart which represents that acid. This
same pcint indicztes where the other acid of the mixture has

run out and referernce {0 a2 table given will indicate with a

fair degree of certazinty the nature of this accompanying acid”,

Reilly and Hickenbottom (1919) do not agree with the 2bove;
they state, "By distilling an aqueous solution of a mixture
of two acids having different rates of volatilization, it
becomes evident that as the distillation proceeds, the solu-
tion in the flzsk will become relatively richer in the less
volatile acid, so that the solutlion graduslly changes in
composition with z corresponding change in vapor. It is ob-
vious, therefore, that although z consideration of the log-
arithmic and other constants will give an accurste idea of

the composition of the vepor at zny givern time, it cannot be



-12-
; applied with certzainty to the composition of the solution

- distilled. The method suzgzested by Dyer of taking the point

' at which the logarithmic curve of the mixture becomes paral-

lel to that of the less volatile compohent is there open to

E 2 very wide error, and can be only approximate.”

‘ Donker (1926) sugcested 2 method of adjusting the hy-

| drogen icn ccnecentration so that the formie acid would distill
over while the acetic acid would not. Because of the small
differences ir dissociation constants in these two aclids the

! method would appear to be difficult, if at all practical.

Variations in solubility beivween adjecent members of the
fatty a2cid series or corresponding derivatives are usually
small znd sherp separztions by the solubility method are hard
to obtzin.

%e were unable to find any reference to methods for the
determination of formlic acid by conductivity methods.
Rolthoff (1923) gilves a method for determining the total
volatile fatty acids by a2 conductometric method. He titrated
the mixture with mercuric perchlorate, and obtained a sharp
change, or brezk, in the conductivity curve due to the for-
mation of the siightly dissociated mercurle szlts. He does
not prorose a method for the determination of the individual

nembers of the series.
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THEORY

For 2 complete discussion of this subject one should

; read Xolthoff (1923). Te will give only = shorit review of

é tke principles which one must have in zind in order to under-
stand the method of znzlysis which we have developed z2nd to

| distinguish it from the conductometrie titration which has

5 been reported, we believe correctly, by Zolthoff (1923) to

; Ye not apnliceble to this anzlysis.

The conductivity of an aeid, or zixture of acids, of
definite molarity depends upon the viscosity of the solution,
temperature, diusoclation of zcids and mobility of ions. 3By
using a dilute solution, zbout 0.C066 ¥ a2t ccnstant teéper—
ature and working with acids which are guite similzr in com-
position we largely eliminate the first two effects so that
the conductivily depends largely upon the dissocization of
the aclds and mobility of thelr ions. If s strong base, for
exanple potassiunm hydroxide, 1s added to a2 dilute solution
of 2 strong aclid, for example hydrochloric acid, there is a
decrease in conductivity to the neutralization point, then an
increase (Table 2)(Curve I). This can be explaired from the
following table (Table 3).

s s noat 4 i S @ aie it i il eameanne e s ea e ie eaes e e e eeaia
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Table 2

Data for the Neutrzlizzation Curve of 1.00 cc. of
Normzl Hydrochloriec Acid with Fotassium Hvéroxide

: cc. Normal @ Bridge : A : Specific :
: Potzssium Reading : 10CC~-4  :Corductivity :
: Hvdrovide (4) : s x 104 :
: 0.CC  :{a) TAT7.8 : 2,965 s 26.77 :
: 0.2C +(B) 462.5 : 0.8603 : 23%.28 :
: .40 : 42¢,.8 : 0.7265 s 19.68 :
: 0.60 : 374,0 : C.5974 s 16.18 :
: 0.80 : 318.0 :  0.4661 : 12.61 :
: C.94 : 273.5 :  C.3765 . 1c.1 :
: 0.98 : 250.0 ¢ C.3495 9.47 :
: 1.00 : 255.5 = 0.3431 : 9.29 :
: 1.02 : 259.8 : C.3510 : 9,51 :
: 1.06 : 269.8 : 0.3695 : 1C.C1 :
: 1.10 : 281.2 : 0.3912 : 10.59 s
: 1.20 : 310.6 s 0.,4505 : 12.25 :
: 1.40 : 362.5 : 0.5686 : 15.40 :
: 1.6C : 407.0 : 0.686¢2 : 18.59 :
: 1.8C : a46,8 ¢ 0.8077 21.88 :

|

The temperature was maintained at 25%+ 0.05.

: (&) In the first reading the resistance in the other arm
- of the bridge was 30C ohms,

{B) In the cases of the second and all other readings, ex-

- cept the firsi, 100 oums resistence was used in the other bridge
' a-m-

Table 3

Hobility of the Ions =t 25°C.
i (RKolthoff 1923)

Potassium . . . . . . . .74.8
Chloride - . . . . . . . 75.8
BEydroxide . . . . . . . 196.
Hydrogen . . . . . . . 25C.

All the determinations in this work were made on geids
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of normalities varyin; between 0.0055 and 0.0080 N, Hydro-
chloric zacid of this strength will be very largely dissociab-
ed and therefore the conductivity will be high due to the
large number of highly mobile hydrogen ions present. A4As po-
tassium hydroxide 1s a2dded the hydrogen ions are replaced by
the less mobile potassium ions until neutralizzstion is reach-
ed. The eddition of more potassium hydroxide now causes an
increese in conductivity, because it increases the potassium
ion corcentration and adds some of the hizhly mobile hydroxyl
ions. ZEastman (1925) shows mathematiczlly that this end-point
should check the true neutraligzation point within a few
thousanctihs of one percent.

If in place of hydrochloric acid we use z wezak acid, for
example formic, and egain neutrzlize with potassium hydroxide,
at first the conductlvity decreases as in the czse of the
strong acid, but it begins to increase before all of the
acid is neutralized, and et the neutralization point the con-
ductivity incresse becomes still greater (Cuxrve 2)(Table 4).
The formic scid is not es highly ionized as the hydrochloric
and thus the initial conductivity is leses. As potassium hy-
droxide is added, potassium formate, which is highly ionized,
is formed. This cuts dowr the lonization of the formic zcid.
A point 1s soon reached where the decrease in conductivity

due to the decrease in hydrogen iors is less than the increase
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Table 4

Neutralizaticn Curve of 1.00 ce. of
Acld with Normzl Potassium Hydroxide

: cc. Normel <+  Bridage ¢ __A T Specific
¢ Potassium : Reading : 10C0=! :Conductivity:
:  Hvdroxide (&) : : (x 10%*)
: 0.00 :  310.C : C.44G63 : 4,054 :
: c.o04 : 299.5 : 0.4275 3.561 :
: .03 :  292.2 :  0.4128 : 3.728 :
: C.12 : 278.3 :  0.4030 : 3.640 :
: .16 : 285.7 : 0.40CC¢C : 3.612 :
: .20 :  287.C :  0.4024 : 5.62% :
: C.3C :  2%8.7 : GCJiosg 3. 346 :
: 0.40 :  318.3 : C.466T7 4,214 :
: 0.60 T 367.5 : 0.581c : 5,246 :
: 0.80 «  418.0 :  0,718r = 6.485 :
: C.94 :  45C.8 s+ 0.8207 - 7.411 :
: 0.98 :  460.0 : 0.8%518 : 7.692 :
: 1.00 :  465.C :  0.8691 : 7.848 :
: 1.02 s 472.5 : 0.8957 8.088 :
: 1.06 :  490.C +  C.9609 8.677

: 1.10 +  B06.7 : 1,0270 : 9.264 :
: 1.20 s  B45.0 : 1,198 : 10.820 :
: 1.30 :  579.5 : 1.3780 : 12.440 :
: 1.40 :  609.0 : 1.5570 @ 14,050 :
: 1.60 1 656.2 : 1.9100 s 17.290 :
: 1.80 T 693.7 T 2.264C  :  20.440 :

The temperature in this and other determinations in this
paper was maintained at 25%+0.05. The resistance in the op-
posite arm was 300 ohms. Dilution water 155 cec.
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ir corductivity due the increzse in number of petassium
end formate ions. The locatlon of this point depends upon the

concentration of the acid. In a very dilute solution it would

approach the neutralization rointe This minimurm 1s not 2 defi-

nite sharp “treak" as in the case of a2 strong acid and strong
bese bub 2 rounded "hwmp" which makes it unsulited for use in
analytical work. Ther the nirimum part of the curve has been
passed the conductivity continues to increszse evenly up to the
neutralization point, where there is a "break" in the curve,
the corductivity increasing more rzpidly bubl again evenly be-
cause of the increessing numbers of the more moblle hydroxyl
lons, zs in the case of the strong acld and strong base.

Then a vezk acid, for example formic, is neuiralized by
a wezk bzse, as ammonium hydroxide, the curve (Table 6)
(Curve 3) at first resembles that for = weak scid and strong
bese. The large excess of acid present at first hinders the
hydrolysis of the szlt. The conductivity passes thru a nin-
imim and then inereases 28 in the z2bove casec. In the vicin-
ity of the end-point hydrolysis becomes large znd the con-
ductiviiy increases less rzpidly. Then an excesc of the weak
base has been added the hydrolysis will be surpressed and
there will be no further measureable change in conductivity.

The resctions from the beginning of the titration uniil

hydrolysis begins to teke place zre the scame a2s in the case of
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a wezk a2cid a2nd 2 strong base. Neazr the neutrzl polint the
highly iorized ammorium formate 1s hydrolyzed to formic acid
and zmmonium hydroxide both of which are but slightly lon-
ized in the presernce of axmmoniunm Tormate thus slewing ur the
increase in conduetivity. After the end-poinit has been nass-
ed the addition of more arczonium hydroxide will cause practi-
cally no change in conductivity as am-onium hydroxide is but
slightly ionized in the presence of its salts. Iz the cone-
centrations used in this work the increase in conductivity
due to the presence of more base 1s balanced by the decrease
due to the dilution of szlt solution. The end-points in the
last two cases mzy differ considerzbly from the true equiva-
lence points., %here such differences affect our nethod they
will be discussed later in this paper. For a2 cocoplete dis-
cussion of the subject one should refer to Xolthoff (1923)
and EZastman (1925).

It is possible to determine 2 strong acid and a2 weak
acid or two wezk aclds of very different dissociation con-
starnts, in the same solution by 2 single titrastion with an
allkali. Tne stronger acid is neutralized first, then the
weaker, sSo that there are breasks in the curve corresponding
tc the amournt of each acid present. Xolthoff (1923) shows
that thle method cannol be used if the rzatlo of the dissoci-

ation constants of the two acids is less then 10CC or if the
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mobilities of the anions of the two acids are neariy the same.
The volatile fatty acids have dissocliation constants
whose rztio at the most, in the case of formic znd FProrioniec

acids, is less then 16.

Teble 5
: heid  : Discociation Constant (x 10%):
:Formic . 20.5 {room temper-ture) :
tscetic : .86 (rocon temperature) :
:Fropionic : 1.31 {(259) :
:Butyric (N): 1.48 (259) :
sValeric (M): 1. (25°) :

The first four values are fron Landoldét Blrnstein (1927).
The value for valeric acid ic froz Lzndoldt Sdrmsteirn {1923).

The discsociation constant for zmroniux hydrcxide at 25°
is 1.8 x 107°. 4s stated above, if 2 weak a2cid is titrated
With 2 weak base, 2 point is reached, scon after the true
neutralization point, beyond which there is no further change
in conductivity or tue addition of more base, This point is
ebout six pcrcent higher than the true neutral point for the
volatile fetty =2cids in the concerntrztions vhich we use. A
correction faetor has been determined to take care of this
difference. Ieutralization curves are given for formic zcid
(Curve 3){Table 6), acetic acid {Curve 5)(Table 7) and a
mixture of equal parts of the two acids {Curve &)(Table 8).

In each case we have plotted the specific conductivities
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Table 6

Data for the X¥eutrszlization Curve of 1.00 cc.

Normel Formic fteid with Normel Arxmoniur Hyvdroxide

cc. Normal

: : Bridge : ¢ Specific :
: fmmsonium : Reading : 1CCO-7 :Conduectivity:
: Hydroxide 3 (%) : s x 1C* :
: 0.CC : 310.0 s C.A493 : 4,057 :
: 0.05 s 297.8 +  0.4241 3.830 :
: 0.12 : 288.3 : 0.4050 : 3.657 :
: .20 : 287.5 :  0.4034 : 3.643 :
: 0.25 : 289.5 : 0.4C74 : 3.678 :
: 0.40 : 318.7 : C.h6T76 s 4,222 :
: C.60 : 367.8 : 0.5818 5.254 :
: 0.80 s 417.4 : 0.7164 : 6.469 :
: 0.94 : 49,6 :  0.8169 : T3TT :
: c.98 :  457.6 :  0.8t26 7.608 :
: 1.0C = 460.4 :  0.8513 T.T03 :
H 1.02 :  461.3 1 C.8562 = 7.7T31 :
: 1.06 s 42,2 : 0£.8593 ¢ 7.759 :
: 1.08 s 462.6 :  0.8606 : 7.771 :
: 1.1C :  462.6 :  C.8606 : T.771 :
: 1.20 s 462.6 :  0.8606 : T.771 :

Ternperature = 25°C.+C.05

Dilution water 1E55 cc.

Resistance in oprosite arm of bridge 3C0 ohms.
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Table 7

Data for the Yeutrzlization Curve of 1.00 cec.

Normzl Acetic 2eid with

¥Normal Ammoniun Hydroxide

s CC. Hormal : Bridge < A ¢ Specifie :
: /Ammonium : Reading : 1CCC-A  :Conductivity
: HBydroxide : (& : : {x 10%) :
s  C.00 : i24,2 : 0.1%319 1.281 :
: C.C& : 115.0 H C.13C0 H 1.174 :
: .08 : 118.3 s 0.1342 ¢ l.212 :
:  0.1C :  124.8 s 0.1426 1.287 :
: 0.40 : 245,8 : 0.3258 : 2,942 :
: .60 : 320.C : C.4705 1 4,248 :
: C.80 : 378.0 : 0.6077 : 5.592 :
: 0.94 s 417,0 :  C.7152 : 6.457 2
: .98 : 4274 : 0.7463 : 6.739 :
: 1.0C :  430.6 : 0.7559 : 6.838 s
: 1.02 s 432,5 : 0.7590 6.853 :
: 1.06 s 43L.C s 0,7667 : 6.923 :
: 1.08 :  434.0 : 0.7667 6.923 :
: 1.10 :  434.0 s C.T667 6.923 :
: 1.20 s 4340 :  0.7667 6.925 :

Tenmperature = 250C.+0.05

Dilution weter = 155 cec.

Reslistance in opposite arm of bridge = 300 oh=ms.

et o e e e e aeitin e e e nn e m
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Table 8

Data for the Neutralization Curve of a liixture

of 0.5 cc. of Yormal Formiec and C.5 cc. Normal

Acetic Acids with FNormal Am-onium Hydroxide

: cc, Normel : Bridge : A : Svecific :
: fmoonium : Reading : 1000-4 :Conductivity :
: Hydroxide : {(8) = :  {x 10%) :
: 0,00 : 23,0 : C.3210 : 2,898 s
: .06 s 227.2 : C.2940 : 2.655 H
: 0.12 : 221.0 T C.2837 :  2.562 :
: .16 : 222.7 :  0.2855 : 2.537 :
: 0.40 : 279.5 : 0.3872 H 3.503 :
:  0.60 : 23,3 : Q.B22%: ¢ 4,717 :
: 0.830 s 299.2 : 0.6644 ¢ 5,599 :
s 0.94 : 433.,7 : 0.7626 : 6.868 :
: 0.98 s 43,2 :  C.7960 s  7.188 2
: 1.00 s 446,90 s 0.8050 : 7.269 :
: l.02 L. V% 491 s 0.8C9C +  7.319 :
: 1.06 :  448.7 ¢ 0.814C ¢ T.35C e
H 1.88 : 448.7 : 0.814C : Te350 :
s 1.12 s 448.7 ¢ 0.810 1 T.35C :
: 1.2C s A48T :  0.8140 T T.350 2
Temperature = 259C.+0.05

Dilution water = 155 cc.

Resistance in opposite arm of bridge = 300 ohms.
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% against cubic centimeters of normel ammionium hydroxide added,
é also in each case there was present at the start one cubic
- centimeter of normal acid. As would be expected from the
j closeness of the dissoclation corstants 1% is not possible
; to detect any breaks correspornding to the guentities of the
i individual acids present (Curve 4).
It will be noted that the specific conductivity of for-
' mic acid is considerably higher than that of acetic., For a
é given total acid concentration the conductivity is greater
f the nore formic acid there is present in the mixture. The
é specific‘conauctivities are not straight lire functions of
é the quantities of acid present. If the former are plotted
5 ag ordinates and the latier as abscissze, a curve is obtained
- which shows that the conductivity is not directly provortion-
5 a2l to the zacid concentration. This holds true in the case
; of pure acids as well. As we increase the concentration of
; the acid the percentage dissociation becomes less.
Theoretically this should be true for any acid beczuse
; if we complete the curve to the point of one hundred percent
- acid comcentration, it will reach 2z maximum znd then decfease
- Yo zero. |

A study of the data secured showed that for the concen-
trations used, the specific conductivity is really an anti-
log function of the guantity of acid present. This point

- e o -
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will be more fully discussed in connectliorn with the equations
‘which We have developed for the calculation of the amalytical
results., Curve 6 shows the specific conductivities of vzri-
ous zmizxtures of formic and acetic acids, when the total =2c¢id
concentration is two cubie centimeters of normzl zcid in 157
gcvbic centimecters of solutiorn. Flve points were determined
;experlmentally for each curve. The point on the left shows
;the specific conductivity of pure formic acid of this con-
;centration, the next point wes determined using C.50 c¢cc. of
‘acetic and 1.50 cc. of formic acids, the third point was de-
;termined using 1.00 cc. of each acid, for the fourth point
§1-75 cc. of scetie and 0.25 cec. of formic acid were used,
Eamd for the poirnt on the risght 2.C0 cc. of normal zcetic
:acid were tzken. A smpooth curve was drawn thru the points
;obtained. Curves T-1C were obtained in the same menner.
gﬁhch point on Curve 7 refers to 1.75 cc. total normal acid,
Eon Curve 8 each point represents 1.50 cc., on Curve 9, 1l.25
‘ec., on Curve 10, 1.0G cc., Curve 11 shows the chenges in
:conductivity whicn b2ke place as the concentration of the
:formic acid 1s increased, and Curve 12 was determined for
-acetic acid 15 the same way. In both 1l and 12 we are deal-
ing with the single acid only. Table 9 gives the data from
Which Curves 6-12 were obtained.
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Table 9
Data for Curves 6-12 Showing the Effect of Increased

Acid Corcentration on Svecifiec Corductivity

Also the Relative Effects of Formic and Acetlc Acids

‘ -

: tee. tor- :cc.Normal: Bridge @ A ¢ DSpecifiec
sCurve:mal Acet~:Formic ¢ Resding: 1000-% :Conductivity:
: +ic Acid :ieid s (&) : : (x 10%)
s 6 : 0,00 : 2.00C :+ 395.8 : 00,6551 : 5.915 :
: : 0.50 : 1,50 : 364.3 ¢ 5731 : 5,175 :
: : 1.CO : 1.0C : 322,2 + 04755 @ 4, :
: : 1,50 : 0.50 : 262.8 : 0.356% : 3.217 :
: : 2.00 : 0.00 + 168.6 : C.2026 : 1,829

: 7 : 0.00 : 1.7 : 379.1 : 0.6105 : 5,508 :
: : C.50 t 1,25 : 31,5 : 0.5186 : 4.683 :
: T C.85 : 0.90 s 308.6 : 0O.4462 ¢ 4,029 :
: : 1l.25 ¢ 0.50 s 250.5 : 0.35C% : 3,164 :
: s 1.75 s 0.00 ¢ 16C.5 ¢ 0.,191C : 1.725 H
: 8 : 0.00 : 1.50 T 360.2 : 0,5630 : 5,086 :
: : 0.30 s 1.20 : 3355.0C : 0.5038 : 4.549 :
: : 075 : C.75 : 278.8 : 0.4030 : 3.648 :
: : 1.20 : 0.30 : 218.6 : 0.2798 : 2.527 :
: : 1.5 : 0,00 ¢ 150.2 ¢ 0.1768 : 1.596 :
¢t g :: 0,00 s 1.25 t 337.3 ¢ C.B5090 : 4,506 :
: : 0.25 : 1.00 : 312.5 : 04545 : 4,104 :
: : 0.60 : GC.65 : 271.7 : 03731 : 3.369 :
: : 1.00 : 0.25 : 204.0 : 0.25863 : 2.314 :
: : 1.25 : C.00 ¢ 139.4 : 0.1620 : 1.463 :
10 : 0.00 : 1.00 s 310.0 : C.5493 : 4,057 :
: : 0.25 : C.75 : 280.6 : C.3901 : 3.523 :
: : 0.50 : 0.5 : 243.,0: 0.3210 : 2.898 :
: : 0.75 s+ 0.25 s 192.3 : 0.2380 : 2.194 H
: : 1.00° : 0.00 = 124,2 : 0,1418 : 1.282 H
: 11 ¢ : 2.00 T 395.8 : (C.6551 : 5,915 H
: : : 1.75 T 379.1 ¢ 0.6105 : 5.508 :
: : : 1.50 : 360.2 ¢+ 0.5630 : 5,086 :
: : c 1.25 : 337.3 ¢+ 0.5090 : 4,596 :
: : + 1.00 : 310.0 : 0.4493 : 4,057 :
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Table 9 (Continued)

: scc.Normal:cc.Nornel: Bridge : A ¢ Specific
:Curve:cetic :Formic ¢ Reading: 1000-A :Conductivity:
: s2cid :fcid : (&) = : (x 10%)
:12 : 2.00 : : 168.6 : 0.2026 : 1.829 :
: : 175 : 160.3 : ©.1910 : 1.725 :
: T 1,50 : 150.2 : 0,1768 : 1.596 :
: : l.25 : 139.4 : 0.1620 : 1.463 :
: : 1l.00 : 12%.2 @ 0.1419 : 1.282 :

fTemperature = 250C.+0,1

Dilution water in each case = 155 cec.

5 Resistznce in opposite arm of bridge = 300 ohma,
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It is of interest here tc compare our values for the con-
ductivities of solutions of acetic acid in thls range with
those of Eendall as glven by EZraus (1923). Kendzll expresses
his conductivities in terms of equivalent conductances in re-
ciprocal ohms which we shall designate &8s ¥ and his concen-
trations in terms of "dilution in liters per equivalent",
which we shall designste as V. Our conductivities (Table 9)
(Curve 12) are expressed in terms of specific conductivities
in reciovroczl ohms which we shall designete by S. Our dilu-
tions are expressed in cubic centimeters of normal acid plus
155 cubic centimeters of water, which is obviously most
easily decignated by cc. To compare the two sets of values
it was necessary to convert them to like units. Tie chose
artitrarily specific conductivity anéd dilution in liters per
equivalent as units. The data from Kraus's work which inter-

est us in this range are given below.

Table 10
: vV : T -
: 15.816 : 6.561 -
: 31.63 :  9.26 :
: 63,26 < 13,13 5
: 126,52 : 18.30 :
: 253,04 s 25.60 :
: 506.01 : 35,67 :

i
|

S = 1665'_ (Equation 1) where N is the nuzber of
equivalents of solute present per liter of
solution (By definition)

¥ =i
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;! Q- = Y ot
; S = ¥1550 (Equation 2)

In Table 9 of our data we have tkhe number of cubie centi-

'i meters of normal acid added to 155 cublic centimeters of water
from which V may be readily czleculated. Table 11 gives

z Kendall's data expressed in terms of specific corductivity

; and dilution in liters per eguivzalent, and Tzble 12 gives

' our datz expressed in the same units. The vzlues were ploti-
; ted (Curve 13) with crosses representing Xendall's dzta,
circles representing ours, and the agreement is very satis-.
factory. As we will show later, our method does not demand
. ertreme accuracy in the measurement of conductivity in order
f that it mey glive satisfactory analyticel results, the agree-~

. ment shown here being far greater than that required.

Teble 11
: : ¥V s S(x10%)
; : 15.816 : 4,15 :
; : 31.63 T 2.927 :
f : 63,26 : 2.08 H
; : 126.52 +  1l.44 :
| s 253.Ch :  1.01 :
f : 506.01 : 0.706 :
; Table 12
: Vv s S(x10%}
T 156 : 1.282 :
: 125 s 1,463 :
: 1044 : 1,596 H
: 89.5 : 1.725 :
:  78.5 __: 1.829 _ ¢
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Solutions
The primary standard used was hydrochloric acid which

wag standardized by precipitation as £gCl.
The potassium hydroxide was standardized vy titrating

2gainst the standard hydrochloric acid using methyl orange

as the irdicator.

The volatlle fatty acids used were standardized by ti-
trating ageinst the standard potassium hydroxide using phaen-
olphthalein as the indlecztor. The solutions of velatile
fatty acids were made from Samples which were prepared by
taking the purest acids availadvle and fractionally distilling.

The ammonium hydroxide was standardized by titrating
against the standard hydrochloric acid using methyl orange
2s the indicator. The volatlle fatiy acids and the ammonium
hydroxide all had 2 normality of 1.00+0.C05.

As a further check on the concentrations the volatile
fatty acids were titrated against the ammonium hydroxide
potentiometrically and found to be eguivalent.

All apparatus used was calibrated with the same degree

of care that should be used in any exact aralytlczl work.

Apparatus

The apparatus used consisted of, first, a thermostat

which maintained a temperature of 25°:0.05. As the mobili-

A A kot 42 s bt s aevir e o a b
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 ties of the lons increase fronm 1.5% per degree in the case

 of hydrogen to 2.7 ¢ in the case of the carbonate ion, close

o temperature regulation is necessazry. The thermostat which

; wWaec mede in the depariment shop cbnsisted of an iron tank,

g vainted with a lzccuer on the inside and covered with as-

% bestos board on the outside. The stirring motor and heat-~
ing coils were on the same 110 volt ,L.C. cireuit. The re-
lay which wezs in the control circuit was run by two dry cells.
These cells nust be tested regularly beczuse if their voli-
age beccmes low tne reley will not funetion properly and cor-
sequently the temperzture control will be faulty. The type
of reley which uses a transformer and is connected in the
alternating current circuit cannot be used because of its
roise. A mercury column “mzke and brezk” regulator was

used. A double pole single turow switch having the motor

| and heating circuil on one side and the control circuit on
the other was placed upon the orerator's table, so that it

é was possible to shut off the apparatus when taking a2 read-
ing, This was seldom necessary.

A Eohlrausch bridge (leeds and Northruv 4258) was used.
This bridge has a 470 centimeter wire of about 7 ohms re-
sistance which 1s dlvided into 10CC divisions with half di-

- visions indicated. Our readings were zccurate, that is re-

vroduc ible, to 0.25 divisions. The two plug controlled end
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coils were each z2djusted to 4.5 times the resistance of the
slide wire, and were accurate to 0.1 percent.

A direct current cannot be used in the determination of
conductivity because electrolysis would occur and the prod-
ucts set free at the electrodes would set up a2 back E.L.F.
and zlter the resistance of the liguid, by intervosing-a
layer of gas between the liguids and the electrodes; these
effects are included in the term polarization. To avoid
this an zlternating current is used. Reilly, Rae and FTheeler
{1925) give the following as the reguirements which must be
fulfilled if the current is to be satisfactory for this work:

(1) The alternations should be sufficiently rapid and
the quantity of electricity passing at each z2lternaticn
should be small go that no appreciable chemiczl change oc-
curs.

(2) The quantity of electricity passing in one direction
should be exactly egual to thet passing in the other - if a
small excess pascses one way this will produce exactly the
same electirode effectis as 2 direct current of the same magni-
tude.

(3) The source of alternsting current should give a wave
of pure sine form. If this condition is not fulfilled and

harmonics or overtones are present it is difficult to get a2

good minimum in the telephone.
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Taylor and Acree (1916) have shown that with platinized
~ electrodes appreciable -differences in the value of the appar-
- ent resistance may be produced by a change in frecuency of
f the mezsuring current, so that the point of balance for the
j fundamental frequency will not be the same as that of tue
5 overtones, with the result that 2 zood sound minizum cannot
f be obtained.
. The induction coil was used by Kohlrausch and Holborn
(1898). The best results were obtained with small coils |
| having few turns of wire, so that the total cuantity of
electricity passing at each pulse was small: the moving parts
of the coil being small and light, z high note was obtzined
to which the ordinary telephone and ear. are sensitive. This
type of instrument was found to be unsatisfactory in our
work; it cannot be used when accuracy greater than 0.2 4 is
required, since the current departs very mﬁch from the idezl
requirements. Oscillograms obtained frox induction colls
(Taylor =nd icree, 1916) contain 2 nurber of harmonics and
when the area of the positive and negative loops are meas-
ured it is found that.a considerable unidirectional current
is present. Since the sum of the two currents in opposite
directions is not zero polarization must occur.

The micropvhone hummer (Leeds and Northrup 79856) gave

fairly satisfactory results in this work. The frequency 1is

e mmte —u w st emem e emaa a e Ewsasam aee ooeie



-3G-
constant since it is maintained by a 10CO cycle tuning fork.
This fork actuates the microphone ané the current thru the
zicrorhone zlso passes thru a transformer, from the secondary
of which the magnet that keeps the fork in vibraztlon is sup-
plied. /n extra subdivided winding on the transformer hnas a
mumber of terminels on the top of the case from which current
at different voltages but the same frequency mey be obtained.
The wave forrm of the microphone hummer has a number of har-
monics which nay interfere with the precision of setting tﬁe
bridge. Tris difficulty is somewhat lessened if a telephone
receiver is used with its resonance point adjusted to the
Trequency of the microphone hummer. (Leeds aﬁd Northrup
Catalog 10) The hummer was kXept in 2 covered box which had
2 leyer of coliton on the bottom and was lined with cloth to
peke 1t practicslly sound proof. All of the determinetions
wnich appear in this paper were made originally using this
apparatus,

Thile the microphone hummer can be used in this work
the Vreeland oscillator, Leeds and Northrup (1925), gives

more satisfactory current. The apparatus is ndseless and

its wave form is free from harmonics. (Taylor and icree 1916)

Ye have the Leeds znd Northrup #9840 apparatus. This form is

arranged to give frequencies of 1000 or 500 cycles per second,
it is arranged to use 110 volt D.C. and consists of a mercury
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vapor tube provided with one cathode and two anodes. The
current passes along a split circuit each arm of which in-
cludes a resistance, an inductance and z gap between the
cathode and one of the anodes of the mercury vapor tube: the
mercury arc thus has two symmeirical paths between the cath-
ode and the two anodes. The circult which produces the os-
cillations 1s shunted across the two anodes and contzins

two inductance colls and a2 capacity. A current in these
cclls deflects the arc to one anode more then the other:
this produces a potential difference between the two anodes

and 2 larger current passes in the inductance, charging the

condenser, The latter then discharges in the opposite di-

rection, reversing the current in the inductance and the
direction of deflection of the mercury are, and the con-
denser becomes charged with the opposite sign. This pro-
cess contimues, and the working current is tzken off by two
sSecondary coils, Which may be arranged in series or paral-
lel depending upon whether a high or low voltage 1s recuired.
A further adjustment is possible from the fact that a switch
is provided to change the field coils from 2 series to a
parallel commection. Since in the latier case thelr induct-
ance is ore quarter of its wvalue when the series connection
is used the frequency will be doubled by chenging from ser-

ies to parallel, the capacitance remaining constant.

AR A c s st o b cmemasa e aecae o o et e L
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The two important types of detectors in use are the
; alternating current galvanometer and the telephone receiver.
The former has seversl advantages over the latter. It is
. necessary to keep the current on but a2 short time in finding
| the balance point thus decreasing the chences of heating and
polarization. Absolute silence is not necessary and the
direction of the deflectlion gives at once the side of the
bridge which has the larger resistance. Any creeping of the
vointer after balance shows the presence of healing or polér-
izatlon. For low commercial freguencies the galvanometer is
preferred. For nigher frequencies, especially 1000 cycles
ver second, the telephone receiver is twenly times a2s sensi-
tive as the galvanometer. This high sensitivity 1s due to
the cherzcteristics of the human ear combined with those of
the receiver. The sensitiveness of the telephone is so great
that it is eminentily satisfzctory. +e used 2 tunable tele-

phone receiver.

To avoid or remedy stray filelds, induction effects, etec.,

it is necessary to surround certain parts of the apparatus
With earthed iron cases; for an excellent discussion of these
troubles tﬂe reader is referred to Rellly, Rae, and Fheeler
(1925).

The conductivity cell used was made from a 250 cc. pyrex
Erlenmeyér flask by sealing two glass tubes, each having an
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. electrode, into the sides. To increase the rigidity of the
apparatus, thin pieces of glass rod were used to connect the
5 four corresponding cormers of the iwo electrodes. The elec~
- trodes were made of heavy rlatinum pieces about one-half

; inch square and placed zbout one inch apart. A clean plati-
z mrz electrode glves a poor null point due to polarization;

2 considerable range of silence is obtained and the notes

hezrd or the two sldes of the minimum are not of the same tone.

Polarizatlion is decreased by platinizing the electrodes.
Thick layers of platinum may cause changes in the solution
owing to catalytic action or selective adsorption, and by
E maeking it difficult to wash out previously used solutions.
| By using z three percent solution of chlorplatinic acid and
reversing the poles every ha2lf minute for eight minutes we
secured a very satisfactory deposit. This was freed from
occluded gases by electrolyzing 2 dilute solution of sulfur-
ic zcid in the cell for half an hour, introducing az third
platinur electrode as the anode and having the two electrodes
of the conductivity apparatus act as joint cathodes. The
cell was hung loosely on a burette clamp in such a way that
it could be'shaken without remoying it from 1ts suprort. The
level of the water in the thermostat should be above the lev-
el of the ligquid in the cell.

A 2.CC cc. burette, graduated to ©.02 cc. and readable
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to C.Cl cec. was used. This had z long tip which was drawn

- out at the end so that it wae possible to touch it to the

surface of the solution in the cell after each aéddition of

- reagent; this insured that the reading on the buretie really

showed the cuantity of reagent which had been added to the
cell. Tnere was negligable error due to diffusion from the
finely drawn oul tip which‘was in contact with the cell
liguid cnly an instant.

It was found advisable to leave the conductivity cell:
in the bath during the run, the burette was teken from its
gtand, the desired amount of reagent run intc the cell, the
tip of the buretie was allowed to touch the surface of the
liguid in the cell, the burette was replaced on its stand,
the cell was shaken znd the bridge reading taken, The new
equilibrium 1s reached culckly. It is not necessary to
shake the cell violenily or for a long time. A few twists
are enough. Nelther is it necessary to repealt the shaking
and reading to be certain that ecuilibrium is reached.

Cell Constant

The cell constent was determined by using a E/50 KCl
solution at 25°C. Landoldt Bdrmstein (1923) gives 138.65 as
the value of the equivalent conductivity of this solution.
The dilution water which 1g used to mazke up this standard XKC1l

o g e 2w
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solution should be the same as that used to dilute unkmowns.

From equation 1,

-3
S = (138.65){0.02) = 2.7730 X 10

1000
Fromn the Theatstone bridge ecuation,
R:X = A:B (1)

wnere X = resistance of the solution in the cell.

R = krown resistance

A and B = the two parts of the bridge
X = 2% resistance
; — & = conductance of seclution in the cell
X BR
S = K% = K—%qu specific conductance (3)
w = gpecific resistance
X = wi- (4)
1 = distance between electrodes
d = cross sectlion of electrodes
S =_J.:..
w
=1 1
X 4a
1
=== 88X
a
5 =%
B R

The bridge has 1000 scale divisions.
B = 1000-4
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s =__A L (eguation 5)

10C0-4 R

1

K = "‘%g“‘ =S A {equation 6)

—_ £

TEE, (1000-1)R
Table 13 gives an example.

Table 13

N : A
. . . I006=4 | 1000-A)R .
: 100 : 505.8 : 1.023  : 1,023 X 10.° =
: 200 : 671.8 : 2.046 :  1.023 X 107° :
: 250 : Tl19.2 : 2.561 :  1l.024 X 1072 ¢
: 300 : T54.7 : 3.075 1,025 X 107%
. . - . -

Z = S&I%)_QQ‘_SL = 2.709 X 1071
1.0236 X 10-2

The cell should be checked ocecasionzlly agzinst a stand-
ard KCl solution. If used carefully 1t will stay constant
for a long time in the type of solutions wnich occur in such
anzlyses. The constant did not change during the runs made
in this work. Ve saturated the electrodes with hydrogen oc-
casionally by making them the negative poles in a dilute sul-
furic acld solution and connecting to a couple of dry cells,
This operation appeared to aid in keeping the mull point
sharp but did not change the cell constant.

The glass used in conductivity work should be fairly olgd,

as new glass is much more soluble than old,
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Procedure

155 cc. of water of a2 specific resistance of about
2 X 10°% ohms were used. This is about the cuality of water
which is obtained upon distillatibn Troz gless apparatus.

As will be shown later the exact value of the specific con-
ductivity of the water used need not be known in this work,
nor is it necessary for other workers to use water of thae
szene specific conductivity as that which we used. In fact,
a water of higher conductiviity than would be used by any |
rezsonably careful worker, does not cause z suifficient error
to vitiate the results. & quantitative study of the effects
of different grades of water is given later.

The desired amount of normal acld was placed in the con-
ductivity flask to which was added 155 cc. of dilution water
from a calitrated narrow mouth flask. This gave 2 solution
from 0.0065 to C.013 normal in acid. Then tne solution is ti-
trated with normal alkzall the effect of dilution upon the con-
ductivity is small., Another reason for usinzg such a2 large
cell is the rzther low concentration of acids in the distil-
late of some of our fermentation mixtures.

To run a2 complete curve the bridge reading (i) was tak-

en after each additlon of alkali, from tables —'Tﬁ%U:K

e hn A +YaaE e a & i ees 4 b= e e ehemae © o aeen
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obtained and ag S = TS560=A -%%— {equation 5)

K = 2.709 X 107*
R = 300 (used unless otherwise specified)

S = T565=; 9.03 X 1074

In the ordinery analysis it 1s not necessary to take
meny points before the end-point. In faet it is not advis-
eble to0 do so as normal ammonium hydroxide losecs strength
rather quickly when exposed to the air., The initlal reading
should be zccurately determined, as it is from this reading
that we czalculate the specific conductivity of our acids.
Usuzally the operator will know the totazl acid concentratlon,
from z previous titretion so the emmonium hydroxide can be
run in rather aquickly t6 this point, then added 0.05 cec.
at a tire until two readings check. This constant reading
1s used to calculate the specific conductivity of the selt.
In cgse the operator does not know the total acid concen-
tration it is necessary to run in the alksli about 0.02 ce. at
a time until the end-point 1s nearly reached and then
0.01 cc. 2t 2 time until the bridge readings become con-
stant. The end-point may be obtained in either of itwo ways.
The values obtained nay be plotted, specific conductivities
against cubic centimeters of zlkall added, then by extend-

ing the ascending and horizontal lines a point of intersec-



o

~48-
tion will be obtained which gives the mumber of cubic centi-
meters of normal acid (Curve 14)(Table 6). The extended
lines referred to zbove are shovn by the broken lines, whose
intersection gives the end-point. This method has several
disadvantages, First, it is time consuming, second, 1t is
easy to make a sufficient error in arawing the lines to af-
fect the result by several percent, and lastly, the end-
roint obteained, even if the work has been carefully carried
out, is not the true eguivalence point. (Eastmen 1925) &
second method which we have worked out arbitrarily gives
more sztisfactory resulis and requires much less time. If
the total number of cubic centimeters of normal a-monium
hydroxide which must be added before the conductivity be-
comes constant is divided by the factor 1.06 the result
gives the number of cubic centimeters of normal zcid origi-
n2lly present in the solution. ¥e obtained this value, 1.06,
by running a number of neutralization curves on various
acid solutions of known composition and noting the guantity
of normal ammonium hydroxide which must be added before the
conductivity became constant. This valve, 1.06, is applica-
ble only in the range of concentrztions with which we are
working. The relationship betweer eguivalence and the guan-
tity of sumonium hydroxide which must be added before the
conduetivity becomes constant was discussed before in the

section on theory.
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Accuracy of Data

The specific conductivity of a solution ecan be easily

- determined with z degree of accuracy far greater than 1is

necessary for quantitative work. The errors, other than
those incidental to any cuantitative procedure, are due to

instabllity of reagents and to the vresence of substances in

~ the solution which affect the conductivity other thar those *

| substances for which we are aralyzing. We were sble to check

results repeatedly over intervals of several months using the
sane standard normal azmmonius hydroxide. Thils was made up
in quantities of several liters, and was kept stovpered at
all times except when it was necessary to sllow sore zir to
enter so that the alkali could run out. The solution became
somewhat clouded but its strength 4id not change enough to
affect the results.

Teble 15 gives the resulis of z study of the effect of
the quentity of dilution water used on the specific con-
ductivity found. 1In the case of acetlc acid the error is
negligible,the addition of more water causing enough nore
acid to ionize to keep the conductivity nearly constant. 1In
the czse of the formic acid which is more highly dissociated
the effect is grester. The percentage error will be less
the more concentrated the acid,as the ionization decreases

with concentrztion. In the case of the salis the error is

ra——y gy o e



srrors due to Diluticn

: cCe. : cc. ¢ Bridge @ A _ :Specific:Average :
: Kermel sDilution:Reading : 1C00-2A:Condue- :Zrror per :
i+ Solution ¢ Tater ¢ (4) : stivity :ce. of di-:
i : : : (X 10%) :lution :
: : : : : swater (7)
'+(152) 1.0C6 ¢ 155.0 : 124.2 : 0.1420 : 1.282 :
e Acetic : 155.5 : 124,2 : C.1420 : 1,282 : :
K Acid : 156.0 : 124,2 : 0.1420 : 1.282 : 0.C8 :
s : 157.C : 124.,1 : 00,1418 : 1.280 : s
‘!: ¢ 158.0 : 124.0 : 0.1416 : 1,278 : :
t2(15b) 1.00 s 155 : 310.0 : 0.4493 : 4,057 H
|2 Formie : 156 : 309.4 : 0.4480 : 4,045 :
E Aeid  : 157  : 308.8 : 0.4466 : 4.032 : 0.26  :
| ¢ 158 * 308,44 : 0.4458 : 4,025 : :
: : 159 : 307.8 : O.4446 : 4,015 : :
1 :(15¢) 2.06 : 155 : 434,00 : O.7667 & 6.923 : :
Le Amponium: 156 : 432.7 : 0.7626 : 6.885 :
L3 Acetzte : 157 : 431.7 : 0.7595 : 6.858 : 0.46 2
P2 : 158 : 430.5 : 0.7558 : 6.829 : :
E : 159 s 429.6 : 0.7527 : 6.797 :
|+(15a) 2.CC : 155 : 462.6 : 0.8608 : T.771 : :
| e Ammonivm: 155.5 : 461.8 : 0.8580 : 7.747 s
i e Formate : 156 : 461.0 : 0.8552 : 7.722 : 0.49 :
: : 157 : 459.6 : 0,8504 : 7.678 :
: : 158 : 458.5 : 0.8467 : 7.645 : :
e : 159 T 457.4 1 0.8430 : 7.612 :
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greater than in the case of acids as would be expected
from the relative degrees of ionization of the two types
of compounds.
The degree of care required ir making dilutions is no
greater than that required in any exacting analytieal pro-

cedure of the laboratory. In those cases where it 1s neces-

. gsary o know only the specific conductivity of the acid or
' acids and not the change in conductiviiy upon neutraliza-
tion only ordinary czre need be taken in diluting.

Errors due to using different kinds of dilution water

in anglysis. In order to use the diagrams and equations de-

veloped in this paper an investigztor should use water of
ebout 2 X 10® ohm resistance. This i8 the quality of water
distilled from pyrex. The same quality of water should be
used for diluting unknowns that is used in making the stand-
ard potassium chloride solution with which the cell constant

i is determined.

A dilution waler of the above quality was kept in this
lzboratory in az tin contalner which had s loose cover for a

i month., During this time it did not change enough to affect

. our results in an appreciable degree.

Ex. (1.00 cc. of Formal Formic Acid with 155 cc. of
dilution weter)

Date Specific conductivity (X 10%)
7/31/28 . %,0%%

8/31/28 4,057

o e e rmas —amaem r e Pt 8 AT 2t G AR s
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{2 cc. of Normal Ammonium Acetate with 155 ce.
of dilution water)

- Date Speeific Conduectivity (X 10%)
7/31/28 7771
8/31/28 TTTL

Teble 16

Specific Conductivitles of Ordinary Laboratory
Dilution ®aters

&

et

: :Resistence: Bridge : A ¢ Specific : Specific :
:Water:in opposite:  (4) + 1000-A :Resistance:Conrnductiv-:
: : _amm : : : +1ty(X10°%)
1 : 9000 & 110.0 : 0.1265 : 268,000 : 3.720  :
: : 18700 T 204,0 : 0.2563 @ 269,000 : 3.716 H
2 : 9000  : 142.5 ¢ 0.1673 : 198,000 : 5.032 s
: s 18700 T 257.5 2 0.3468 : 198,00C : 5.023 :
:3 : 9000  : 157.0 : 0.1862 : 178,000 : 5.604% =
: : 18700 : 280.0 : 0.3830 & 175,000 : 5.640 :

— ————

Tater #1 was prepared by redistilling tezp distilled water
from pyrex containers.

veter #2 was prepared by distillation of tap water from pyrex

contalners.
Tater #3 was ordinary tsp distilled water.

The values given above were secured with our apparstus
without any modifications. As this set-up was not designed
for high résistance work the above values do noit check very
well and they may be off further then the lack of agreement
would indlieate. However, we are not interested in the ab-

solute vzlues of resistance for thies water Ttut rather in the
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effect whick waters of different resistances have orn our

results. Using the aboie dilution waters the specific con-~

ductivities of 2 solution of 1.C0 cublc centimeters of formic

ecid in 155 cec. dilution water were as follows {Table 17):
Teble 17

Zrrors Due to Use of Different Grades of
Dilution VWizter

: : T s :Sp. Cond.: Eaximum
tTater: R : A : L : (X 10%) ¢+ Error :
: b : ¢ 1000-A : s 2
t1 ¢+ 300 1 309.7 : 0.4485 : 4.050 : 0.35%
2 ¢ 30C : 310,00 ¢ 0.5493 : 4,057 : :
T3 : 300 :+ 310.4 : 0.4B0OL : 4,068 :

Dilution waters #1 and #3 above have the extreme velues

gfbr specific conductiviiy which will be met with. ¥No trouble
' Will be experienced in obiaining water which fzalls between |
these two values. New conductlivity water has 2 very low
specific conductivity. Water that hes stood a2 long time in
new glass or which has been exposed to the a2ir, will show a
Erelatively high corductivity so that elther of these would
écauae an appreclisdble error, if used. A correctlion can be
;made for the conductivity due to the water but if ordinary
Ecare is teken in following the procedure this is not neces-
sary. It must be remembered that we are proposing a method

' for the analysis of acid mixtures and that We are not inter-

ested in slight errors in physical constants insofar zs

- these errors do not affect our analytical results.




Construection of Diagrama

The data for Diagrams 1 and 2 were oblalned from solu-
tions in which the total acld content was known, so that =211
that was needed was the initial and final specific conductiv-

ities,
On Diagram 1 we have plotted on the vertical planes, as

ABCD, the specific conductivities of the various mixtures of

. formic znd acetlic acids as ordlnates, the percentage compo-

sition, totzl acld being tzken 28 100 in esch case, is shown
by the abscissae. Each vertical plane represents a definite
total acid composition. The front plane ABCD gives the spe-
cific conductivities of various mixtures of formic and acet-
ic 2c¢ids where the total acid concentration is one cubie
centimeter of normal. Ve may consider this elther as secured
from the data in Table © ,or as Curve 10 on the front face

of the three dimensional figure, ABRQTDCD. The next vertiiesal
plane EFGH (Table 9)(Curve 9) represents 1.25 cec. total nor-

- mal acid; the next IJEL (Table 9)(Curve 8) 1.50 cc; the next

| ¥WOP (Table 9)(Curve 7) 1.75 cc.; the rear plane GRST (Table

. 9)(Curve 6) 2.00 cc. The left side of each plane represents

pure formic and the right side pure acetic.
Each profile plane represents the same ratio of acids

; but different total acid composition, that is, the mol

- v o
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varies from one to two. The profile plane on the left, AQTD
(Table ¢ )(Curve 11}, shows the specific conductivities of
different cuzntities of pure formic aclid, Irox one to two ce.
of normazl, with 155 cubic centimelers of water. The profile
plane orn the right, BRSC (Table 9)(Curve 12), refers to pure
ecetic, Those ﬁrofile planes be.seen the above two represent
different mixtures as indicated. For example, a prlane paral-
lel to the above two and midway between them would show tﬁe
specific conductivities of nmixtures of the two zeids in which
the cuantities of each are ecual.

Or the horizontal rzlane, ABRQ, the Z axis represents
. the toial quantity of acid present, the X axis the ratio of
‘the two acids.

Dizgram 2 is similar to Diagranm 1 except that here the

verticel axes represent not the specific conductivity of the

acid or zcids present in the originzl solution, but the
gchange in specific conductivity which takes place upon
Eneutralization. This diagran gives us one more value for
geach acid mixture. 1Its accuracy is of zgbout the same order
éas that of the specific corductivity diagram, certzin errors
?creep in due to extra operations and czleulatlions required
‘While certein other errors cancel or are diminished. Unless

~there is an 2cid or a base present in the solution 2s an im-

frzction is a constant for each plane but the sum of the cc. N.g

e Y v ks e e



-58-

purity, the chznge irn conductivity should be practically
independent of small variations in procedure, such as temper-
ature, volume of solution, conductivity cf dilution water,
all of which should affect the coﬁductivities of the zcids
and resulting salts in the same directicr. The effect while
it is irn the seme directiorn is of g different degree, so
that the aceuracy is of about the same order as that in the
case of Diagram 1. Either hes 2 sufficient degree of accura-
cy for analytical work. Table 14 and Curves 14-20 show the
component perts from which Diagrar 2 is made. 48 the method
1s exactly similar to that used in Disgram 1 we will not dis-
cuss it further.

The use of three component diagrams would seem to de-
serve wlder use than it has received in ceses where it is
not possible to derive simple ecuztions and where eguations
are derived with certzin assumptions which may not be fully
legitimate. In our case we have proven that our assuzptions
are legitimete. The diagrem is constructed from z nuzber of
points which are determined experimentelly, every 1linpe on it
beilng determined by these points, so that no zssumpiions are
made in its.construction. The dizagrams which we propose will
be eriticised on the grounds that they are rnot drawn to scale,
that in the front planes ten centimeters represents only 1.0C

cubic centimeters of total normal acid while in the rear

e Ao o AR AR o <At % a m e en g o
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Teble 1&

Data for Change in Corductivity Diszram 2

3 Normal : Bridge : A : Specific :Change in:
s Acid : Reading : 10C0-£ ¢ Conductivity :Specific:
: (ec) : (a) : s (X 10%) :Conduc-
s CH3CCOE,HCOOH, Initial Final ,Iritlal; Finmel InitialFinel ;2;‘;’{32) :
: : 1.00: 310.0 : 462.6: 0.4493: 0.,8606: 4,057 : 7.771 : 3.714
: : 1.25: 337.3 : 515.2: 0.5090: 1.063 : &£.596 : 9,599 : 5,003 :
: : 1.50: 360.2 : 558.9: 0.5630: 1.266 : 5.086 :11.422 : 6.336
: : 1.75: 379.1 : 592.8: 0.6105: 1.456 : 5,508 :13.147 : 7.639 :
: : 2.0C: 395.8 : 623.4: 0.6551: 1.655 : 5.915 :14.945 : 9,030 :
: 1,00 : : 124.2 : 434.0: 0.1419: C.7667: 1.282 : 6,923 : 5,642 :
: 1.25 : : 139.4 : 488.3: 0.162C: 0.9544: 1.463 : 8.618 : 7.152 :
s 1,50 : 150,2 : 530.0: 0.1768: 1.128 : 1.596 :10.185 : 8.589 :
: 1,75 ¢ : 160.3 : 566,1: C.1910: 1.305 : 1,725 :11.784 :10.059 :
: 2.00 : : 168.6 : 592.C: 0.2026: 1,451 : 1,820 :13,102 :11.273 :
: 2.CC : 0.0C: 168.6 : 592.0: 0.2026: 1.451 : 1.829 :13.102 :11.273 :
: 1.5C : 0.50: 262.8 : 602.5: C.3564: 1.516 : 3.217 :13.689 :10.472 :
: 1.0C = 1.0C: 322.2 : 61C.8: 0.4755: 1.570 : 4.204 214,177 : 9.885
: 0.50 : 1.50: 364.3 2 617.9: 0.5731: 1.617 : 5.175 :14.602 : 9.427 :
¢ 0.0C : 2.,00: 395.8 : 623.4: 0.6551: 1.655 : 5.915 :14,945 : 9.03C :
: 1.75 : 0.00: 160.3 : 566.1: 0.1910: 1.305 : 1.725 :11.784 :10.059 :
: 1.25 : 0.50: 259.5 : 574,5: 0.3504: 1.350 : 3.164 :12,191 : 9.027 :
: 0.85 : 0.90: 308.6 : 581.2: 0.4462: 1.387 : 4.029 :12.525 : 8,496 :
: 0.50 ¢ 1.25: 341.5 : 585.3: 0.5186: 1.412 : 4,683 :12.760 : 8.077
: 0.00 @ 1.75: 397.1 : 592.8: 0.6105: 1.456 : 5.508 :13.147 : T7.639 :
: 1.50 : 0,0C: 15C.2 : 530.0: 0.1768: 1.128 : 1,596 :1C.185 : 8.589 :
¢ 1.20 : 0,30: 218.6 : 535.2: 0.2798: 1.153 : 2.527 :10.412 : 7.885 :
: 0.75 : 0.75: 278.8 : S43.7: 0.4040: 1.191 : 3,648 :10.755 : 7.107
: 0.30 ¢ 1.20: 335.0 : 552.8: 0.5C38: 1.236 : 4,549 :11,1611::6.612
: 0.00 : 1.50: 360.2 : 558.9: 0.5630: 1.266 : 5.C86 :11.422 : 6.336 :
: 1.25 : 0,00: 139.4 : 488,3: 0.1620: 0.9544: 1.463 : 8.618 : T7.152 =
¢ 1.CO0 : 0.25: 204.0 : 491.9: 0.2563: C.9684: 2,314 : 8,745 : 6.431
: 0.60 ¢ 0,65: 271.7 ¢ 502.7: 0.3731: 1.011 3.369 : 9.129 : 5,760
: C.25 ¢ 1.00: 312,5 : 51C.3: 0.4345: 1,042 : 4,104 : 9,409 : 5,305
: 0.00 : 1.25: 337.3 : 515.2: 0.5090: 1.063 : 4,596 : 9.599 : 5.003 :
: 1.00 : 0.00s 12%4,2 ¢ 43%4,0: 0.1419: 0.7667: 1.282 : 6,923 : 5.642
: 0.75 = 0.25: 192.3 : 4%0.9: 0.2380: 0.7886: 2.149 : 7.121 : 4.972 :
: 0.50 : 0.50: 243.0 : 448.7: 0.3210: 0.8140: 2.898 : 7.350 : 4.452
: 0.25 : C.75: 280.6 : 455.9: 0.3901: C.B8378: 3,523 : 7.565 : 4,042 :
: C.0C : 0.00: 310.C 3 462.6: 0.4493: C.8606: 4.057 : 7.771 : 3.714
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planes it represents 2.00 cublc centimeters. It 1s true
that our dlagrams do not give as good a picture of the actual
corditions as one drawn to séale by meking the X a¥is of the
front plane half the length of the corresponding =xis of the
rezr plane (Diagrams 3 and 4). Such diagrams sre however
more difficult to read than 1 and 2. Furthermore, no as-
sumption, and therefore no error, has been made in construct-
ing 1 and 2 in the manmer that we did. Each profile plane
represents 2 certalin mol fraction, each verticzl plane a2 cer-
tain total zcid compositlion arnd the horizontzl plere has iits
values clearly marked so that each datum plotted has the sane
significance that it would have 1If plotted orn diagrams 3 and
4,

Use of the Diagrams in Analysis

This 1s perhaps most readily shown by examples. The
distillate which is known to contain acetic and formie aecids,
should be stoppered as soon as it has distilled over. A one-
hole rubber stopper fitted with = soda-lime tube is used.

The latter is bent so that the part of the tube which con-
tains the soda-lime hangs down beside the flask. This is
dore to eliminate the danger of any of the reagent getting
into the distillate. 4An aliguot part of the distillate is
now taken and titrated with standard potzssium hydroxide

using phenolphthalein as an indieztor. One can now czlcu-
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late the number of cubic centimeters of this acld which
must be added to the dilution water in order that 156.5 cc.
of the resuiting mixture shall contzin approxicately 1.50
cc, of K/1 2cid. The quantity, 1.5C cec., of normal z2cid
is tzken because its conducitivities are plotted in the cen-
ter of the diagranm 2nd a considerable error in the quantity
of dilution water added would not throw the resultis so far
off that the diagram could not be used. A&n eacid 33 percent
stronger or wezker than that specified could sitill be deter-
mined, as the total acid present will be found by the titra-

tion. The 2¢id is made up to 156.5 cc. as this was the vol-

ume of the total solutior which we had when we determined the

speclific conductivities of the various mixtures of acids
whose total acid concentration was 1.50 cec. of normal. As
stated zbove, wher vwe were securing the values for the con-~
struction of the diagram we added 155.0 ce. of dilution
water to different quantities of the zcid, from one to two
cubic centimeters of normzl. ¥e found that this method was
easler to carry out in this work than the usual one of mak-
ing ur to a constant volume each time and thait the values
checked thoée obtained by the latter method well within the
limits of other experimental errors. As will be seen from

the section above on the effect of the quantity of dilution
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waeter used the error of the greatest magnitude will occur
in the change in conductivity of formic acid upon neutraliza-
tion. If instead of 1.50: cc normal acid we had 2.00 cec.,
then on neutrzalization we would have 153.5 cc. of salt solu-
tion instezd of 158.0 cc. An error of 0.50 ce. in &ilution
in the case of sodlium formate would cause an error of 0.25
percent in the result (Table iSd). The same would hold if
we had only 1.0C cc. of normal instead of 1.50 cc.

L na2rrow neck flask was calibrated to deliver 152.5 cc;
of licuid. The calculated amount of acid solution wss placed
in this fiask and enough dilution water was added to make up
to volume. The whole was poured into the condurtivity cell.
The flask was then rinsed with two portlions of dilution wat-
er of 2.0 cec. each, the rinse water being added to the flask
to bring the total volume up to 156.5 ce. The specific con-
ductivity of the mixture was taken, the normal ammonium hy-
droxide zdded, a2t first cuickly up to as near the neutral-
ization point as one czn safely go. If the inltiel titra-
tions and dilutions zre made carefully it is safe to add
1.50 cc. of 2lkzll at once, after whalch it should be added
0.C1l cc. at 2 time until the bridge reading becomes constant.
The nmumber of cublic centimeters of alkali which must be add-
ed divided by 1.06 gives the number of cubic centimeters of

normal =cid present. The use of the factor 1.06 was explain-

e et d o arha e e s men e iman e maee -
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ed sbove in the section on theory. If care was taken in
the originsl titretion with potassium hydroxide the subse-
guent dilution, when one divides by 1.06, the number of
cublc cerntimeters of normal ammoniunr hydroxide required to
bring the conductivity to a2 constant value, the result ob-
teined will be 1.50 + 0.02 ce. In fact we found thet, un-
less we were somevwhatl douvtful 2s to the accuracy of our
dilution, it was not necesszry to get the exz2et end-point.
Ve took 1.50 ec. as the total normal acid present. To get
the change in specific cornductivity we ren in 1.50 cc. of
normal alkali, found the bridge reading and then we added
alkali Q.0lcc. at 2 time urtil two bridge readings checked.
By this method it is necessary to take but four or five
readings for an anzlysis which speeds up the work.

The following is a typiczl example: 9.95 cc. of an un-
known reguired 1.20 cc. of 1,159 N sodium hydroxide, using
vherolphthalein as indicator, ito neutralize. Therefore, 9.95
cc. contained 1.391 cc. of normal acid, Thus it was neces-
sary to 2dd 10.73 ce. of the acid solution in order to have
1.50 cc. of W acid present in the 156.5 cc. This was added
to 145,80 cc. of dilution water. The bridge reading was
218,6 which corresponds t0 a specific conductivity of 2.527
x 10~ % (Resistance in opposite arm of bridge 300 ohms).

At 4 b S e 8 < =

1.59 cc. of ammoniur hydroxide were added before the bridge
. reading became constant. Using the factor 1.06 mentiored above it |

was found that there were 1.50 cc, of nomalacid present. Thefinal |
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bridge reading was 555.2 which corresponds to a specific
conductivity of 10.412 X 107 .

From the facts that there were L.50 cc. total normal
acid present, and that thne specific conductivity was 2.527
X 10-4, it is possible by referring to Diegram 1 to find the
ratio of the two acids present. The ac¢id mixture which we
have nust be revresented by a point on the vertieal plane
wWhich shows the specific conductivities of various mixtures
of acid whose total normal acid content is 1,50 cubic cernii-
neters. The point on the curve in this plane which repre-
sents a specific conductivity of 2.527 X 10°¢ is directly
above the 0.8 noint on the base line of this plane, which
signifies that the 2cid weas made up of eight parts of acet-
ic and two of formic.

To loczte the point on the diagram one can mark off on
the verticzl edge of a card a distance (Aa) corresponding to
2 specific conductivity of 2.527 X 1C™%* on the diagranm, then
slide the lower horizontal edge of the cerd zlong the 1.50
cc. line (ed) in the horizontal plane until the length mark-
ed off orn the edge of the card corresponds to the distance
(ed) from the line to the 1.50 cc. curve. This point (&) on
the horizontal plane represents a definite composition which
can be read directly from the diagram., ¥hen one has become

more familiar with the use of the diagrar a pair of dividers

[
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or a cozpess will be found to be more satisfactory in locat-
ing vpoints.

The change in specific conductivity was 7.885 X 10 °.
From diagram 2 it will be seen that the point (c¢) or the 1.50
cc. curve in the vertical plane, which represents & change
in specific conductivity on neutrzlization of 7.885 X 107*

28 shown by Aa or eb, is directly above the 0.80C point (&)

on the 1.50 cec. line in the horizontzl plane which a2z2in siz-
nifies that the acid vresent is twenty percent formic and
eighty percent acetic.

There were present in the original 10.73 cc. of zcid
1.50 X 0.80 = 1.20 cc. of normal acetlc 2cid and 1.50 X
0.20 = C.30 cc. of normal formic acid. The sample was there-
fore 0.112 rnormzl irn acetic acid and 0.C279 normel in formic
acid.

In case the number of cubic centimeters of acid pres-
ent, as found by the conductivity titration, does not come
out exectly 1.5C cc. of normal the diagrams can still be
used. They hold for any values of total normal acidity be-
tween one and two. It mgst be remembered that the exact
volume of tﬁe aliguot taken from the originzl sample must
be known.

Let us asgume that in the z2bove case the analyst took

10.0C cc. of the unimown with the following results:
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Initial specific conductivity 2.401 X 10 *
Pinal specific conductivity 9.645 X 107*
Chenge in specific conductivity T.244 X 107 °

1.47 ce. of 2lkali was required to bring the specific
conductivity to = constant volue.

1.47 divided by the fzctor 1.06 gives 1.39 as the number
of cublc centineters of normal 2c¢id present in 10.00 of
the original,

The positlons whlch the 1.39 ce. lines occupy on the
profile and horizontzl planes are given by (£3), (gh) and
(fg). Its position in the vertical plene mey be drawm in,
with sufficient accuracy, as we have the 1.25 cc. and 1.5C
cc., lines in their respective vertical planes, by assuming
that ezch point on this line will occupy a position %% of
the distance between the 1.25 and 1.50 cec. lines from the
1.25 cc. line. This is not absolutely correct as lines which
represent egual differences in toital aeld conceniration are
not equal distances apart, but become closer together as the
acid concentralion inereases. A correction factor may be se-
cured for each point by reading from the disgrem the ratio of
the distances between two zdjacent sets of lines which repre-
sent ecquel d;fferences in total a2c¢id concentration. Te have
made such corrections and found that the effccts were not ap-
preciatle.

In an actuzl determination it is not advisadble to draw

in the whole veritical plane curve. In the case that we are

N T
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considering, one should draw a horigontal line (jk) = distance
gbove the 1.39 line on the horizontal plane which corresponds
to a specific conductivity of 2.401 X 10™* on the disgren as
shown by (Ao) or (£3). It is not'necessary to draw this line
across the whole diagranm, if one remembers that the point
which we seek must lie %% of the distznce betveen the 1.25
and 1.50 cec. vertical curves from the 1.25 cc. line, as well
as on the horizontal line. Two roints (p and s) on the 1.39
cc. vertical curve can now be drawn in near the point where
this curve will intersect the sbove horizontal line. These
points will determire with sufficlent accuracy the direction
of the curve in this region. The point {r) where this 1.39
cc., verticzl plane curve intersects the horizontal line re-
presents a specific conductivity of 2.40 X 10™%. The point
(Diagram I) 2t which the 1.39 cc. lire in the verticel plane
represents a specific conductivity of 2.4 X 107% is directly
over the 0.8 point (v) on the 1.39 cc. line in the horizontal
plane, indicating that the acid present is made up of eight
parts of acetic to two of formic. Using diagram 2 in the same
way the point (r) in the 1.39 cc. vertical line which corre-
sponds t0 2z change in conductivity of 7.244 X 107* as shown by
(Ao} or (£3]), is directly above the C.8 point (y¢) on the 1.39
ce. line (fg) in the horizontal plane.

There are: (1.39)(0.8) = 1.11 cc. of F/1 icetic acid
(1.39)(0.2) = 0.278 cc. of N/1 Formic =cid

in 10.CO cc. of originzl., Therefore the originsl was:

P
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C.C278 . normzl in formic acid 2nd 0.111 normzl irx zcetic =zcid.

Effeet of the Presence of Hisher Fatty Lcids
QOther Than fAceitic uporn the Accuracy of tre Diagram

The sbove dlagrazms were constructed froz data obialined
with formic znd acetic acids and mixtures of these two. The
guestion naturzlly arises as to the accuracy of tne method
if ir place of pure acetic wWe have mixbtures of acetic, propi-
onic znd butyric z2c¢ids present with the formic, or in extrene
cases if acetic acid were not rpresent at 211 but merely =2
mixture of formic and propionic, wihilch cozmbiration would ap-
pear rezsoneble. Fropionic is taken because its conductivity
differs from that of ecetic more than does that of the other
Tatty acids above formic. Admittedly we had beitter use a

formic-propionic acids diagram in 2 case of this kind, for,

as will be seen from Table 18, Curves 22-23, the maximum error

would be nearly five percent in this case. This error would
increase from zero in the case of pure formic to five percend
in the case of pure preplonie. A method for calculation of
the sbove error is given later.

The above example is en improbzble maximunm, as it is
very unlikeiy thzt any investigator would assume that = sam-
Dle of pure vnropionic acid was 2 mixture of formic and zcet-
ic geclds. It is given to show the maximum possible error.
4s a2n organism which produces formic zcid is cquite unlikely

to produce more than one other acid in large gquantities the
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probzble error ir the z2bove case becomes sma2ll, especially
if one uses the diagrzm or ecuation which was derived for
the higher acid present in greatest cuantity. 4is we have
reasconably satisfactory qualitatiﬁe tests for the volatile
fatty acids (Dyer (1917)) it is not difficult to choose the

rroper equation.

Table 18

Svecific Conductivities of Verious Concentrations
of (2) Propionic and (H) Butyric Acids
{155 cec. water in each case)

——
—

:{2) : : A : Specifie
scc, Normal @ Bridge ¢ THAarc-r  :Conductivity:
:Tropionic : LA) : 10C0-4 : (X 1C%)
2 1.00 : 107.8 : 0.1282 : 1.092 :
: 1.25 s 119.4 :  0.1356 1.224 :
: 1.50 : 130.0 s 0.1494F ¢ 1.349 :
: 1.75 : 139.0 : 0.1615 : 1.458 :
: .C0 :  148.0 :  0.1737 : 1.568 :
(D) : z : :
scc, Hormal : : :
:Butyric : : : :
: 1.00 : 111.5 :  0.1254 ¢ 1.131 :
: 1.25 s 124,2 +  0.1&19 1.281 :
: 1.50 s 134.7 :  0.1557 : 1.406 :
: 1.75 : 42,2 :  0.1685 : 1.522 :
: 2,00 :  153.2 :  0.1809 : 1.634 :

ey
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The above diagrams are presented as a new zethod of ex-
arining data. . Ve have developed a method by which a datum
taken with conductivity apparatus can be converted into per-
centzage composition by use of 2 three dirernsiornal dlagram.
The biggest value of our diagram, at least in our present
work, is not in thé interpretation of data but in nroving

the validity of the ecuztions which ve develop to fit these
data.
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EGUATICHNS

It is usuelly more sztisfzctory to substitute values in
an eguation and solve Zor results, than it is to read re-
sults from a diagram. Thls is especizlly true when the dia-
gran represents three comrponents. For the above work we have
developed an equation which holds very well for a mixture of
formic acid with any one other volatile fatty acid and a
modification of this which may be used for formic a2cid in
mixture with several other volatlle fatty scids with =z méxi-
mum error of four percent.

Let us zssume a mixture of formic and acetic, remenber-
ing in this case that no error is made if we takxe propionic,
butyric or valeric zcid in place of acetic.
let F = cc. of normal formic zcid npresent

A = ce. of normzl aceti; zcid present

= total cc. of rnormal acid present

o3

+ A =T (Equation T)

¥hen Curves 6-11 and Diagram 1 are examined it is seen
that the specific conductivities of the mixtures are not the
sum of individual specific conductivities. It was necessary
to find some simple functlion of the specific conductivity
which would straighten out these curves. Te fournd that if
we expressed each conductivity as a nuzber times 10,

Ex. (0.7107)(10-3), then took the antilog of the first factor

e vm 4 b Mg e S an e ans e o

e e
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and plotted this against cubic centimeters of normal acid
vwe changed these curves to lires wWhich were nearly straight
{Table 19)(Curves 23-28). This is rezlly the same zs taking
the logarithm of the number of cublc centimeters and plotting
that against specific conductivity, but while the latter is i

the mere usual method the former was better suited tc our

purpose.
Tith the zié of thls antilog function we developed the

next eguation:

Antilog S' =L (fntilog S'pg) + —5— (Antilog S',.) (Equa-
* - “* tion 8)

S' is that nmusber which multiplied by 10”2 gives the specific
conductivity of the mixture.

S'pr 1S that mumber which multiplied by 107° will give %
the specific conductivity which a2 sample of this total acid
concentration would have if it were pure formic acid.

S' _ is that mumber which multiplied by 1072 will give

AT
the specific conductivity which a sample of this totzl acid

concentration would have 1f it were pure scetic zcid.

S' is determined. S'?T and S'ﬁT are read from the dia-

gram {1). - !
Combining equations 7 and 8 above: !

£~ antilog ', = Antilog S' - —A— (Antilog S',p)

= Antilog S' - 2§E (Antilog S'AT)

i G o v s aa i e haa s e b e
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Teble 19

Antilog Dete for Equations 2-4 and for
Curves 24-30

C. 75
0.30

.75
1.20

2.316
1.79C

: cc. : ce. Svecific : Antilog of :
: Normal : Yormal onduct;vit ¥ Pirst :
: Tornie 3 Acetic (x 10”8 : Factor ¢
H 2.CC H C.0C 0.5915 : 3.904 :
: 1.50 :  0.50 0.5175 J.292 H
: 1.0¢C :  1.00 C.h204 @ 2.688 :
: 0.50 H 1.50 0.3217 : 2.097 :
: C.0C s 2,00 0.1819 1.,52% :
1,75 + 0.00 0.,55C8 : 3.555 :
1.25 :  0.50 0.4683 : 2,940 :
.90 :  C.85 C.4020 : 2,529 :
0.50 : 1.25 c.3164 : 2.072 H
0.00 1.75 C.1725 : 1.488 <
1.50 0.00 0.5086 : 3.226 :
1.20 0.30 0.4549 s 2.850 :

0.00

1.50

1444

.
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= Antilog S' - Antilog S',q +_§_ sntilog S' .,

F =T (Antilog S' - intilog §',n)

Eguation
(Antilog S'FT - Antlilog S'AT) (2 9)

As we usually desire fo kmow the percentage of the total
zcid which is formic rather than the number of cubic centi-
meters of normal present we can omit the T in the above equa-
tion and we have,

Percent formic = Antllog S' - Antilog Sie
Antilog S'pp - Antilog S’A

(X 1c0) {(Equation 10)
T

Equation 10 was tested using various mixtures of the two acids,
and the values obteined were compared with those given by the

~disgram. The following table shows the agreenment.

Table 20

- — e —
: Total ¢ Specific : Percenlt Formic :
; Lcid ;Co?iyigi ity; Diagram ; Equation ;
:  1.50 : 1.586 :  00.0 :  00.0 .
: 1.25 :  3.000 :  40.0 : 20,2 :
: 1,75 H 2.401 : 12.1 : 12.1 s
: 1.25 : 4,200 : 82.5 s 82.9 :
: 1.50 : 2.527 : 20.0 : 19.4 :

e

e r——e—

To illustrate the method of calculation we will take
the last exanple above.

T = 1,50

5'pp(Table @) = (0.5086)(107%) intilog of first factor
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S'pp (Tadble 9) = (0.1596)(107%) !mmog of 1lst factor
1

-~ 0

S' (measured)(0.2527)(10~%) Antilog of lst factor 1.789

> te = 1789 = 144k -
Percent formic s T I%E X 100 = 19,36

In cezse T is not one of the values for vhich S'ET and

' .p were determired, the latter values can be obtained from
Graphs 11 and 12,

In ezse »roplonic or bubyric acid is vresent in nlace
of acetic S‘PT or S'BT can be obtained from Table 18 or
Graphs 22 and 22Z.

The above eguation was developed for a mixture of formiec
acld with one other volatile fatly acid. It has been shown
above that the presence of other volatile fatty aecids than
those sought would cause considereble error. The next egua-
tion developed applies to those cases where the operator is
uncertain as to what acids he has present.

For the volatile fztiy acids above formic, the greatest
difference in speciflic conduectivity occurs between acetic
and propicnic, the conductivity of butyric and valeric acids
)

epproaching that of acetic. If we take the average (S’Tav

of S',qp and S‘PT as a value to be substituted for S',n,

S'bT, S’BT in Zguation 10 we should cut down the chances of

a large error.

o etk R vt AR s <o % < e em imee me ot el e e

o g ot e o et e mem e men maAs & wer bas e s
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From the values for S’AT (Table ¢ ) and S'PT (Tzble 18)

we obtzin the following:

Table 21
T 1.00 1.25 1,50 1.75 .CC
st 0.1186 0.13%44 0.1472 0.1592 0.1638

Tev
The mazimum error that could be caused by using the above

values, or intermediete values froz Curve 31, would occur in
the cases where the sample contained pure acetic or pure vro-
pioniec a2cids., It is very improbable that an investigator
would heve 2 pure 2cid and yet have no idea as to the compo-
sition of nis sample, but we give this example t0 show the
meximum error which is approached if this general formula

is used.

Using this formulzs,

s '
Percent formic = ;’jnfiog Z - f"n"ilfg STrav_ (100)
‘nullog S'pm - Antilog S Pav

| ' (Ecuation 11)

for 1.00 cec. pure acetic:

st = 0.1282 (Table 9)
S'Tav = C.1186 (Tzable 21 or Curve 31)
s’FT = 0.4057 {Table 9)

Percent forrnic would be czlculated as:

Antilog 0.1282 ~ Antilog C.1186 (100) = + 2.37
Zntilog C.4056 - Antilog 0.1186 ’

Pure propionic acid would give the same error in per-

cent with oprosite sign.
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Every factor in the anzlysis tends to cut down the above
error. The presence of formle aecid, or of other acids, cuts
it down. A mixture of egulivalent cuantities of acetic and
progionic acids would give correcﬁ results. Pure butyric
acid or valeric zcid would give fair results.

For 1,00 cc. of pure butyric:

" S* = 0.1131 (Table 18b), S' = 0.1186, S’ = 0.4057

Tav
Percent formic would be calculated as:

Antiloz 0.1151 ~ Antilom C.1186 ¢ - 1
intilog 0.2057 - Antilog C.1186 100 1.2%

If one h2d 2 mixture conteining formic, one other vola-

tile fatty acid in considerable quantity, and others in small
amounts he should use formula 10 as developed for the higher
fatty 2cid which he has present in largest zamount. An ides
of the composition of the acid unknown could be obizined by
using the gqualitative tests proposed by Dyer (1917).

If the above procedure is followed carefully the results
obtained and time recuired compare very fevorably with those

of any of the rresent methods.

e —— e+t mmem b



SULEARY AND CONCLUSICNS

- &£ quick accurate method, using either the specific

conductivity of the acid mixture, or the change in conductiv-

1ty upon neutralization with ammonium hydroxide, hzs been
developed for the an2lysis of nmixtures of formic acid with.
acetlic and other volatile fatty acids. |

The two fzctors are quite unlike irn that the more
highly ionized the zcid, the greater its specific conductiv-
ity and the less its change in specific conductivity upon
neutralization.

Three dimensional diagrams have been coﬁstructed for
the interpretation of the data. From a study of these dia-
grams eguations have been developed for the calculation of
the percentazge of formic =zcid in z nixture.

The percentages so calculated are less in error than
those obtesined by the methods ordinarily in use at the pres-
ent time.

The methoé promises to be valuable with mixtures other

than those already tested.

W e gy s e e
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