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THEORETICAL PART 



REACTION BETWEEN CHLOROFORM .AND AQUEOUS 

POTASSIIDJ1 HYDROXIDE. 

This problem arose during research work on the Reimer

Tiemann reaction by Dr. Hunter and Miss Ziegler . So~e at

tempts were made to ascertain the extent of the reaction 

between chloroform and aqueous potassium hydroxide , as this 

might help interpret their results and possibly give them 

corrections to be applied to their data. For this pllrpose 

a thermostat and an egg-flask with reflux condenser were 

used, constant stirring being produced by bubbling air thru 

the reaction mixture. The inorganic chlorine produced was 

determined , but the rosults on check determinations varied 

so greatly that no reliable information was obtained . 

Our reason for taking up this problem is its direot 

bearing upon the study of the Reimer-Tiomann reaotion which 

is being Barried on by TIr. Hunter. Possibly we oould shOW 

whether it is Nef's oarbon biohloride (0012) or the radical 

HOOH that is the entering group in this reaction. In a 

typioal oase of the Reimer-Tiemann reaotion there is present 

phenol, ooncentrated potassium hydroxide, and ohloroform. 

It is evident that the study of any two of the three com

ponents should thro light upon the ohangos taking plaoe when 

all three are present. 

The purpose of this work is to study , as far as possi

ble , the exaot nature of the aotion between ohloroform and 

1 



aqueous potassium hydroxide . Very little satisfactory work 

has been done upon this subject. Chloroform was discovered 
I r 

at about the same time (1831) by Liebig and Soubeirsn by the 

action of alcohol on ohloride of lime and by chlorine on al-

oohol . Dumas; (1834) states ~hat when ohloroform and aqueous 

potassium hydroxide are boiled in a closed tube . potassium 

chloride und potassium formate ere formed . From this work 

he made known the correct molecll1ar arrangement of the sub ... 

stance and nruned it "Chloroform" . Later Geu ther~ (1862) 

observed that a gas which he identifies as oarbon monoxide, 

is formed during this reaotion with alkalies. The only 
.-

other important reference is of Saunders (1900) who worked 

with alcoholic potassium hydroxide and chloroform. thus hev-

ing a homogeneous system. He assumes that the potassium 

oh1oride and potassium formate are the reaction products 

and that carbon monoxide is a decomposition product of the 

formate. The reaction as he expresses it is : 

CHC13 + 4KOH = 3XCI + 2H20 + HCOOK 

His obJec~ was to determine the order of tho reaction . and 

in a fair way he Shows that it is probably bimoleou1ar . 

As one of the disturbing factors he mentions the formation 

of water, and quoting from Dumas · says that an aqueous 

solution of potassium hydroxide has no action on ohloroform 

I 

Liebig A. 1 198 (1832) 
rSoubeiran A. · Oh. (2) 48 . 131 (1831) 
~Dumas Ann. Phys . Chim. (2) 56 t 115 (1834) 
"Geuther Ann. 123, 121 (1862) 

Saunders J . Phy . Chem. 4 660 (1900) 
6Dumas .. il1n.?hyo.Chio. ud Go, lIn (18?4) 
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even when boiled. From this he deduces that the formation 

of water wbuld tend to retard his reaction in alcoholic 

potassium hydroxide. but adds that so much water is already 

present thc.t the runount forrled would cause no appreciable 

eff@ct. Referring to the original article by numas it will 

be noted that Saunders mnde n mistake in translation. As 

stated before Dumas in this connection states that an aqueous 

solution of potc.ssium hydroxide and chlo oform when boiled 

in a closed tube give the chloride and formate of potassium. 

In the meantime. the comoercial process of making for

mates from carbon L1onoxide made it possible that csrbon mon .... 

oxide IJlight be the first product of the reaction as sugpest .... 

ed by Nef: Thi3 wouln then give forme te with the pote.SSiUlll 

hycroxide ~resent. 

CHC13 T Kon - Kel T H2 0 T CC12 

CCl? +- 2KOH & CO + 2KCl + H2 0 
.... 

co + ROE := HOOOR: 

3 

It seemed best then to find out whut ""he relc.tive veloci-· 

ties of the reactions giving carbon mono~ide and formiC acid 

might be at diffevent concentrations of the hydroxide . ReM 

ferring to diagram on following page. of the possible changes 

that may bo going on . it is evident that at this time we 

were not sure that in our work we would be following out 

I rlef Ann. 298. 366 (1897) 
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Possible changes that may oocur: 

H 
"0 :81 IWH + 01- 0 - 01 ~ HOI + 

01 

t ! 
H O,OH Ol-¢-OH -01 
01 

~ 
II IJ I 

Ol-Q-OH 01:0:0 ~ 00 + HOI 
0 + H 

~ 
KOH 

~t 
H 

HO~.oOH HO-:C- OH 
I 

0 
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one or two dc~inite reactions. For this reason kinetic 

measur ments of the ordinary type, to obtain a "reaction 

veloc i ty" , with thermostat seemed useless. 

Some trouble was also expected from the different 

equilibria. set up by these two immiscible liquids. Nernst 

says that the velocity of reaction in heterogeneous systems 

is largely dependent upon the extent and nature of the 

separating surface between the reacting phases, and on other 

circllmstances such as the diffusion capacity and veloci ty 

of stirring_ Vfi th sufficiently vigorous stirring, which 

is k~t constant thruout the experiment, it may be assumed 

that the water solution has a homogeneous conposition. It 

is highly probable, that at every boundry between two phases, 

equilibrium is established with practically infinite velocity 

(compared to the rate of diffUsion). In final analysis. 

if the reaction is more rapid than the diffusion into the 

water, it is probably the diffusion oonstant (for a thin 

film) which regulates the rate of reaction rather than the 

concentration; while , if diffusion, aided by stirring and 

communition of the phases, is more rapid than the reaction, 

the velocity of the reaction will be measured. It is the 

latter set of cond it ions that we thinJt: we have reached in 

our work. 

Our first step was to devise a method by which the 

deSired results could be obtained. A few experiments were 

carried out with thermostat and egg-flask, but in duplicate 

h lO~ This 
experiments the results would vary as muc as \170. 
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could be expected from what has just been stated on the 

possible changes and conditions in this system. 

To see what kind of stirring is produced by passing 

vapor of chloroform thru a solution of potassium hydroxide. 

an apparatus of the Landsberger type was tried out. This 

consisted of a round bottom flask for boiling the chloro

form; a newar tube with cork stopper holding a thermometer, 

outlet tube, and an inlet tube reaching to the bottom; and 

a condenser the top of which was connected with the outlet 

tube of the Dewar. The inlet tube reaching to the bottom 

of the Dewar was bent at the ond into the shape of a ring 

which fitted the bottom of the Dswar and thru which were twelve 

or fifteen small holes. It was discovered in using this 

apparatus that a definite temperature equilibrium is estab

lished in the reaction mixt~re, which depended upon the 

potassium hydroxide concentration. Also it was shown that 

with this multiple hole inlet thru which vapor of ohloroform 

is passed, that very good stirring is obtained. It seemed 

advisable to use this means of stirring in our work on the 

reaction between chloroform and potassium hydroxide, and 

several forms of apparatus involving it were tried out. 

First, the apparatus described above was used, the 

chloroform after passing thru the hydroxide solution in the 

Dewar being oondensed and collected externally, but the 

amount of water carried with the chloroform (in twenty 

minutes) increased the concentration of the hydroxide pro

ducing a oorresponding increase in temperature. A longer 

Dewar tube waG then made use of ahd the chloroform after 
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oondensing was delivered baok into the Dewar. In this 

oase the liquid level would rise ~rom six to ei ht oenti

meters.and the inoreased pressure under whioh the ohloroform 

vapor must enter caused an appreoiable rise in temperature; 

also poorer stirring was obtained due to the l arge amount of 

liquid ohloroform present. Another modifioation of the 

apparatus was tried out. A long air-oondenser and water

oondenser were oonnocted by a short "U" tube. the two oon

densers making up the sides of an inverted large letter "U". 

The air-condenser was now oonneoted with the Dewar tube, 

with the idea that the water vapor would oondense first and 

re~lrn to the Dewar while most of the ohloroform vapor 

would pass into the seoond condenser and the liquid ohloro

form be caught in a separate vessel. In this way the objeo

tions to the two former modifications would be done away 

with . It was net satisfaotory. however, and was given u • 
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The exaot data of a sample experiment as taken ith this 

disoarded apparatus is as follows: 

2500KOH (75%) used 

Time Temperature 

1:17 
1:18 
1:19 
1 : 20 
1:21 
1:22 
1:23 
1 :24 
1:25 
1:26 
1:27 
1:28 
1:29 
1:30 
1:31 
1:32 
1:33 
1:34 
1:35 
1:36 

57.20' C 
57.20 
57 .44 
57 . 51 
57 .58 
57.62 
57.63 
57.64 
57.66 
57 .70 
57.70 
57.73 
57.78 
57 .79 
57.79 
57.79 
57.78 
57.79 
57.80 

November 10. 1915. 

B.P. 731.9mm 

Only 50% or 60% of CHC13 

passed thru) con~ensed in second 

condonser and was oollected in 

separate vessel. One or two 

o,c. of H20 aepars ted from this 

CHC13 also. 

These faots with the gra

dual rise in temperature ob-

tained make this type of appar-

atus undesirable. 

8 



The next form of apparatus tried out proved satisfac

tory and was used thruout our work. It conoists of a Dewar 

tube A (see plate I), flask B, condenser C, and trap E. 

The latter delivers the entrained water back into the newar 

while the condensed chloroform is received in another vessel 

L. The vapor of chloroform passes up thru the potassium 

hydroxide solution and then thru tube D, to the water con

denser C, entering by way of the two holes marked J; and 

the oondensation then falls to a oommon reservoir E where 

the chloroform and entrained water naturally separato. By 

keeping the meniscus K, formed by the two liquids, at a 

oertain height in the reservoir tho ohloroform and water 

are automatioally, by overflowing, cared for just as fast 

as the vapor might oome over. The whole apparatus is made 

of glass . For dimensions see experimental part. 

Briefly the procedure during a typioal determination 

1s as follows: A solution of potassium hydroxide is placed 

in the Dewar tube, heated by a platinum heating element to 

the temperature equilibrium oorresponding to the hydroxide 

ooncentration, and the vapor of ohloroform passed thru for 

twenty minutes . The contents of the Dewar are then trans

ferred as quiokly as possible to ice-oold nitric acid solu

tion; and the inorganio ohlorine and alkali present deter

mined. Considering the oarbon of each chloroform moleoule 

attacked going either to carbon mono~ide or formic acid. 

we oan now with the data at hand oalculate the amount of 

eaoh present at the e~d of any determination. 

The results obtained with varying concentrations of 
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of potassium hydroxide and equal time (twenty minutes) are 

seen in the curves on plates II, III, and IV . Curve A 

expresses totsl chlorine found in milligrams, while B and C 

are in terms of chlorine equivalent to formic acid and oar-

bon monoxide respectively. A summation of the curves B 

and C necessarily give the values of curve A. It is be-

lieved that we get a true measurement of tho formic acid 

present, from the calculation based upon the excess acidity 

after neutralization. Evidently a molecule of potass ium 

hydroxide is used for oach chlorine atom replaced and for 

each molecule of formic acid formed. After allowing the 

reaction to take place, the contents of the Dewar tube is 

neutralized with nitric acid equivalent to the hydroxide 

started with. It can be supposed that the remaining hy-

droxide after the reaction occurs, reacts with the nitriC 

acid; and then the nitric acid being the stronger replaoes 

the formic acid in the formate. We now have free the 

formic acid and whatever nitric acid there may be in excoss. 

If this ia true and alao our belief that the carbon in the 

chloroform goes either to carbon monoxide or formic acid, 

then our ourves are truthful expressions of the amounts of 

the substance present. 

Curve D, Plate III, is total chlorine in milligrams -

10 

for the purpose of comparison. Curves E and ~ show the per-

cent of total ohlorine which is equivalent to tho formio 

acid and oarbon monoxide respectively- Curve G shows tem

perature variation and is quite irregular due to barometric 

~ changes. If these values are correoted for disturbances 



= 

-

in presanre . nsing the ooeff101ent for ohloroform: a smoothll l 

curve very similar in shape results. The irregular curve is 

shown instead of the corrected one because a true comparison 

of our results with temperature actually present is desired. 

Curve H, plate IV, is again total chlorine --- for comparison; 

I and J express milligrams of carbon monoxide and formic acid 

respectively. The change in specific gravity of the potas-

sium hydroxide solution at 15°C is shown by X, and gives only 

relati vely an idea of the changes at the temperatnre used by 

us. 

On plate V are curves from data of experiments run on 

the same hydroxide concentration (40%) and varying time. 

Curve L is from- total chlorine found and is a me~sure of the 

reaction velocity. Curves M and N are per_cent of chlorine 

equivalent to carbon monoxide and formic acid. 

Complete data of the two series of experiments is to 

be found in Tables I and II. The columns of data are under 

the following headings: 

1. Arbitrary number of the experiment. 
2. Peroent of potassium hydroxide used. 
3. Time reaction goes on, in minu.tes. 
4. Chlorine found in milligrams. 
5. Formio acid found in milligraos. 
6. Carbon monoxide found in milligrams. 
7. Percent of total chl orine equivalent to 

formic acid found. 
8. Percent of total cnlorine equivalent to 

carbon monoxide found. 
9. Free hydroxide after running experiment. 

in percent of thut present at begin-
ning of reaction. 

:Timmerman J. C.A. 4 (2) 2896 (1910) 
Lunge Chemiker Kolender 
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10. 

11 . 

Average equilibrium temperature of 
syatem. 

Barometric pressure at time of experiment. 

12 

It will be noticed in the chlorine curve A, that up to 

60% potassium hydroxide it is practically a straight line and 

at an angle of 45° meaning that the change in total reaction 

veloCity is directly proportional (up to 60%) to the increase 

of hydroxide concentration. This fact is also shown by re-

ferring to colUmn "% KOH left rt in Table I, where the potass ium 

hydroxide remaining after the reaction is allowed to take 

place , is expressed in percent of that present B.t the begin-

ning of the determination. The decided change in the direc-

tion of the chlorine curve is probably due to several things. 

First, the slight rise in temperature cay be taking effect 

here, causing a decrcace in the solubility of the chloroform 

in the hydroxide , which would necessarily slow the reaction 

veloci ty. 
I 

Second. it is known that some organic liquids, 

chloroform included, behave differently in acid and alkali 

solutions. In the latter a globule of chloroform, other-

wise sp]le~ical, becomes flattened and more inert physically. 

Absorption of the alkali on the chloroform is given as an 

explanation, which means that the alkali immediately sur

rounding the chloroform is of a higher concentration than 

the rest of the solution. At the potassium hydroxide con-

centration in question, this phenomenon might easily be sup

posed to have an inhibiting effect on the reaction. The 

larger amounts of fonnic acid at this place Vlould alGO de-

I 

'l'womey T. J • J.Phy.Chem. 19, 360 (1915) 
~--= 
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orease s~ightly the hydroxide ooncentration and retard the 

reaction. Another important factor is the stirring. 

Wi th the inoreasing ViRoosi ty and speoifio gravity of the 

hydroxide solution, it is questionable whether at this point 

our stirring is suffioient and we arc measuring the diffu

sion of the chloroform into the hydroxide; or whether inef-

ficient stirring is obtained and thus sets the reaotion 

velocity. This much is true, that with a smaller appara-

tus of the same form (whioh was used first) and with which 

poorer stirring was obtai nod due to ohloroform vapor pas

sing thru more slowly, that the change in direction of the 

curve was similar, but started at 45~ instead of at 60%. 

This in the wri ter's view is proof that ineffioient stir-

ring is beine obtained from 60~ on. This, however, may 

not be the main disturbing factor for it is right here(at 

60~ ) that the pe~cent of carbon going to formic acid starts 

to rapidly decrease, and the peroent of oarbon going to 

cerbon monoxide rapidly inorease . Ineffioient stirring 

alone should not produoe this ohange. It will be notioed 

at this time that the results at 6~ and 70~ vary muoh more 

even than at 85% auc 100%. In a reaction of this kind 

(wi th a heterogeneous system) where the maX.i1mum effeot in 

eaoh case is desired, and where by deoreasing the rate of 

chloroform vapor, the results oan be nade to fall anywhere 

below the curve Shown, it is plain that the curve in gen

eral should not pass thru an average of the pOints, but 

nearer the maximum. 

-------------------------------



Satis~aotory explanation of the formio aoid and oarbon 

monoxide ourves is quite dif~ioult. As has been stated 

there are four possible oauses for the reaotion produots as 

they appear . 

First, fonnio aoid alone may be formed whioh, 

after changing to the formate, partly deoomposes to potas

sium hydroxide and oarbon oonoxide. 

Seoondly, 0 arbon monoxide alone may be formed wh ioh 

in tllrn with the hydroxide partly goes over to the formate. 

Thirdly, both formio aoid and carbon monoxide 

may be formc r and in exactly the propo~tion which we find 

them, or 

Fourthly, both may be formed in the reaction, 

but ohanges ~rom one into the other nay take place. 

Saunders states, "OWing to the partial and variable 

deoomposition of the formate it is impossible to prepare 

solutions whioh shall remain equivalent after the reaotion 

has begun, ••••••.• " It might be imagined that the carbon 

monoxide results when the potassium hydroxide acts to split 

off hydrochloric aoid, and the formic aoid resulting when 

the ohlorine is replaoed by a hydroxyl group. Evidently 

there is more dissooiated hydroxide in the dilute solutions, 

but this in turn would not be expected to split off hydro

ohloric acid thus giving a very high percent of carbon 

monoxide. 

If formic a.cid is formed at all, it would immediately 

ohange to potassium formate which in solutions suoh as we 

have from 30% on, would not be expected to break down into 

14 
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oarbon monoxide and the hyaroxide. On the other hand the 

reverse of this action mi6ht naturally be expected. It is 

quite striking that the. formic acid by weight (ourve J) 

after reaching its maximum rapidly decreases to praotically 

nothing . It will also be notic ed (curve E) that the per-

cent of oarbon going to formio acid· decreases rapidly to 

nothins · The radical changes taking place at sbout 60% in 

16 

all the curves may be due largely to the hydroxide conoentra-

tion whioh the reaotion mixture approaches . Referring to 

column of "% Kon left" in Ta.ble I, i ~ is seen that the per-

oent of hydroxide left after running experiment, is very 

oonstant up to 60% when a continual rise sets in. To clear 

up these points~ if poosible, a aeries of experiments were 

run on the same hydroxide concentration, but varying the 

time of reaction. For this series 40% hydroxide was chosen 

as our results with it in the twenty minute series, were quite 

high and uniform. 

Referring now to plete V and Table II, it 1s seen that 

the percent of chlorine equivalent to formic acid (curve H) 

decreases and then increases as time of reaction is made 

longer. Also fron Table II that the actual weight of for-

mic aoid present first decreases and then increases as the 

time is extended. That the actual weight of oarbon monoxide 

found varies correspondingly is seen. 

for this is that the supposed reaction : 

RCuOR CO '" KOR 

The only explanation 

does take place a...'1d is revers ible. 
As some evidence of the 

reaction going from right to left we ~ention here some 
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work by Thiele : Using chloroform and sodium hydroxide 

equival en t to our 35% solution , he found 21 . 14% chloroform 

had changed to formic aOid , the reacting mixture being at 

an equilibrium at 25°C. By increasing the temperature the 

amount of formic acid is inoreased somewhat . 

It is our belief that the fourth possible cause men" 

tioned above explains the changes taking place . 

both carbon monoxide and formic acid are formed , 

CHCl3 + 4KOH = 3 KCI t 2H20 'l- HOOOK 

CHCl3 + 3KOn = 3KCl + 3H20 + 00 

That is, 

but an equilibrium is then set up and determined largely by 

t he po tassium hydroxide concentration and carbon monoxide 

pressure. That the main reaction is producing mainly 

formic acid up to 60% and then mostly carbon monoxide accord

i ng as to whether chlorine is replaced by a hydroxyl groap 

or hydrochloric acid is split off. Also that the equilibri-

um re action between formic acid and carbon monoxide up to 

40% is largely in this direction: 

HCOOK -+ CO +- KOH 

but from ,~ on the react ion appears to be in the opposi t e 

direction due to hydroxWk concentration. 

ITe have proven that following reaction : 

HCOOK CO + KOH 

takes place and is reversible depending upon conditions 

present . It has always been supposed the formic acid was 

a true reaction product and the carbon monoxide occurs from 

Subsequent decomposition . From the way the above theory 

I 

Thiele Aim . 302 , 270 
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can be applied and from the following facts we believe that 

the carbon monoxide is also a true reaction product. 
I w. L6b Joist states that with electrical henting and water 

being present. bromoform gives formiC acid and no carbon 

monoxide ; while under the same conditions chloroform gives 

carbon monoxide and no formic ucid. The fact is important 

also, that the maximum pOints in our chlorine, formic acid, 

17 

and carbon monoxide curves do not appear at the same 

hydroxide concentration. but in the order of carbon monoxide. 

chlorine and then formic acia. 

In conclusion, we can Bay that the supposed reaction 

between chloroform and aqueous potassium hydroxide expressed 

as: 

CHC13 + 4KOH == 3KCl +- 2H20 + HOOOK 

is probably untrue, and that the following reaction ex-

presses the true changes: 

(a+b) CH013 + [3 (o.+b) + ci.J KOR ~ 3 (o.+b )KOI 

2(a+b)H20 + (a)HOOOK + (b)OO 

the exact coefficients depending upon existing conditions. 

The equation is simply a statement of the equilibria fol-

lOWing: 

CHC13+ 4KOH HOOOK + 3KOl-t 2H20 

3~OH • / 
t KOH 

CO )( 
+ 

3KCl 

+ 
H20 

This means that both fonnic acid and carbon monoxide are 

I 

JOist. 'rl . L6b Z .El. 11 938 (1905) , 
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reaction products of chloroform and aqueous potassium hy

droxide , the amount of each depending upon the character 

of the hynrpxide; and that then an equilibrium: 

HCO O:Z '< ,. CO + KOH 

tends to t ake place , which is governed largely by the hy

droxide concentration present and the partial pressure of 

the carboh monoxide. 

18 
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The chemicals used for this work were of the best ob-

tainable. The chloroform was part Merk's and part Eimer 

and Amend "8, and contained between i to 1% alcohol. It 

was purified by shaking twice with con. sulphuric acid, 

twice with pota.ssium hydrozide solution, twice with water, 

dried over calcium ohloride and distilled, cooing over be-

tween 60 D and 61"0 at 740mm. Kahlbaum's potassium hydroxide 

was used, the solution being made up by adding about 2400 

grams of hydroxide to 1800 cubic centimeters of water. 

This gave a 12.83 !l solution which thrnout our work we con-

sidered as 100%. No particular effort was made to exclude 

carbon dioxide so that a small amount of carbonate was 

present. The silver nitrate and potassium thiocyanate 

solutions were approximately N/20 and were standardized both 

by metallic silver and gravemetrically standardized hydro-

ohloric acid solution. The nitric acid solution used for 

neutralizing contents of Dewar tube, was clo~e to 3N; while 

the potassium hydroxide and nitric acid solutions used in 

titrating acidity efter neutralization, were about N/3. 

All acid end alkali solutions were standardized against suc

cinic acid as a stnndard and checked by the gravimetrically 

standardized hydrochloric acid. 

Checks experiments were made where errors may occur. 

For instance the amount of nitric acid 3N necessary to , 
exactly neutralize the hydroxide started with in each de-

termination was calculated. Trying this out on the 50% 

and 100% hydroxide 301utlo11S, it was learned tiiat a Slight 

correotion had to be made. Phenolphthalieno was used as 
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indioator in all aoid-alkali titrations . All vessels used , 

suoh as flasks, burretters, eto., were oalibrated to true 

oubio oentimeters at room temperature . The temperature 

readings were made with a normal 100· oalibtrated thermometer. 

Distilled water boiled to free it froe oarbon dioxide was 

used in all our work . 

The apparatus as shown on plate I oonsists of a liter 

round bottom fl ask, a Dewar tube 3 oo. X25 om. in size, an 

ordinary water oondenser 25 om. in length, and a trap as 

shown, whioh is 25 om. in total length. Most of the glass 

tubing used was .7 om. in diameter . These dimensions are 

mentioned beoause it is probable that exact oheoks on the 

separate determinations would not be obtainable in an ap

paratus very different. 

In preparation for running a determination, it is 

necessary to make sure the ohloroform is free of phosgen as 

this may ooour. It is also important that the apparatus be 

olean . Exaotly 2500 of potassium hydroxide in each oase 

is measured by burrette , run into Dewar tube and the oork 

stopper with thormometer, heating element and multiple-bole 

inlet is now put in place . Before connecting with rest of 

apparatus it is essential that the tube "D". plate It which 

oonneotB the Dowar tube with the trap, is well moistened on 

the inside with water. If this is not done drops of 

ohloroform adhere to the tube thus blocking the free pas 

sage of the vapor one way and the return flow of the water 

to the Dewar . This being done the apparatus is assembled 
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and the alkali solution heated to the equilibrium temperature 

corresponding to tho hydroxide concentration as read from 

curve. No e~ectrolysis was apparent as the fall of poten-

tial thru the platinum wire was made small. With the right 

temperature of the hydroxide, beiling chloroform in flask B, 

and cold water running thru condenser, one is ready to start 

the reaction. With watch, note book, and lens at hand, the 

flask B is connected with inlet to Dewar. At the time when 

~air stirring is obtained, the time is noted to the second. 

Temperature readings should be made every minute and the 

apparatus continually watched. The boiling of the chloro-

form should be cons tant and as rapid as contents in Dewar 

will aJ.low. The return flow of the water to the Dewar 

should be uniform as possible, otherwise several drops to-

gether in tube D will cauoe intermittent pass~ge of the 

vapor and seriouS trouble - to be done away with only by 

slowing the boiling of the chloroform. 

21 

~ring the reaction potassium chloride crystallizes out,-

the time depending upon the hydroxide concentration - and 

uauallycauses a slight increase in temperature. Also ap'" 

preci able water is fo nned during the experiment and if not 

carried away fast enough by saturating the chloroform in 

the reservoir, the meniscus K must be lowered by pulling 

down tube %. , in order that the hydroxide solution is not 

appreciably diluted - causing a corresponding drop in tem-

perature. 
This lowering of the meniscUB is very important 

if the temperature is to remain constant. During the 



whole experiment the electrical heating is continued in 

order to reduce the amount of condensed chloroform in the 

Dewar ttlbe. The initial condensation of chloroform whi l.i . 

the apparatus is warming tlp, is enotlgh so that at all times 

there is sufficient liquid chloroform present to assure 

sattlration of the aqueous phase. 

After the reaction has continued for exactly twenty 

minutes it is stopped and contents transferred quickly as 

possible to a beaker containing nitric acid 3N equivalent 

to alkali started out with. This acid is always diluted 

so is never 3N at this time, and is cooled with ice so the 

resulting temperature is between 200 and 25°C. Care in 

taking the apparatus apart is necessary as pressure changes 

take place and some of the reaction products may be Ibst. 

The thermometer etc. and Dewar tube are carefully washed 

and most of the aquoous solution decanted into a 1000 cc 

graduated flask. ~he rest with the small amount of liquid 

chloroform is placed in a separatory funnel and the chloro-

form washed in the usual way. The wash water is added to 

the contents of the graduated flask, and solution made tlp 

to t he mark; aliquot parts then being titrated for inor-

ganio ohlorine and aCidity. Check titrations were made 

in each 0 ase • 
In the titration for acidity it is necessary 

to run past the end point and come back till the pink barely 

showS. 
Our methods of oalculations may be easily understood 

by referring to the equations used, as shown in the exaot 

copy of a page of our notes. 
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The following is an exact copy of the 'data from our 

notes on a typical determination: 

January 21, 1916 

25 cc KOH(50%1 used. B.P. 731.7 mm Time,20 minutes 

) used in neutralizing 

Continual heating by 2-32 c.p. and 2-16 c.p. globes. 

Time Tempel~a ture 

9:30 
1 56.30 
2 .38 
3 .39 Vol. OHC13 sep. by trap 165 cc 
4 . 40 
5 .42 CRC13 in Dewar 35 cc 
6 .40 
7 .38 Meniscus dropped about 2 cc 
8 . 36 
9 .34 Titrations (Cl) (25cc) 

10 .30 
11 .30 AgNO KCNS 
12 .34 I 43.6B cc 4.65 cc 
13 .52 
14 .33 40 (43.60 - (.962X4.65») 1.797 = 28l2 mgCl 
15 .36 
16 .37 II 43.75 cc 4.71 cc 
17 .38 
18 . 38 40 [43.75 _ (. 962X4. 71)J 1.797 = 2819 mgC1 
19 .37 
20 • Average 2816 mgC1 

HCOOR 
KOR actually needed 

I 13.58 cc 
II 13.47 ce 

.37 cc 13.19 cc 

.19 cc . 13.27 cc 

Average 13.23 cc 
correction .12 

13.35 
20 [ (13.35 X 18.01) - (1.583 X ~)J.819 = 286 mg.HCOOH 

CO 

(2816 - (2 .311X286)] .2632 = 567 mgCO 

HCOOH:C=' 23.5% of C1 
CO = 76.5% of C1 
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The method used running the experiments on the variable time 

series is exaotly the same as that already given exoept the 

reaotion is allowed to prooeed for different periods of time 

and that the same strength potaosium hydroxide was used to 

start each experiment. 

Necessarily there are some errors in thj method due to 

mechanical control and differences in oonditions; but in 

order to get as fair results as we have obtained, it takes 

practioe until the wotk becomos routine even to a practised 

manipulator. 
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V I.lBLE T XES 

!rAB II 

lof ~ Kg Kg ""1 ~1 ~n 
Exp. XOB Time YgCl BCOOB 00 no OB 00 left Te • I.Prell 

76 40 10 1606 157 301 24.1 '76.9 64.2 56.24 '32.1 
76 40 10 1320 182 237 31.8 60.2 6'7.9 66.30 '741.8 

74 40 16 1873 129 416 16.9 84.1 66.6 56.24 '.0.0 
73 40 16 1940 129 432 16.4 84.6 56.2 56.10 '40.0 

49 40 20 23'73 121 661 11.8 88.2 46.8 66.62 '747.4 
60 40 20 2368 134 542 13.1 8£.9 ,1.6 6.68 '74'.7 

'71 40 26 ::432 187 626 1'7.8 82.2 43.4 66. 1 '41.4 
72 40 28 2409 244 486 23.4 '76.6 42.9 &6.36 '741.1 

78 40 30 2538 266 612 23.3 76.'7 39.9 56.68 '28.1 
7'7 40 30 2536 282 495 26.'7 '74.Z 39.6 6~ 80 '730.0 
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