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Chernistry. - "On the Saponification of Fats." II. By Dr. J. P. 
TRIWB. (Comrnunicated by Prof. S. HOOGEWER~'I!·). 

(Communicated in the meeting of June 30, 1917.) 

~ 1. In a previous paper 1) equations were derived fol' t11e case 
that saponification takes place in emlllslOn, which equations indicate 
the quantities of glycerine and fatty acid present in free state aftel' 
an arbitral'y time. 

These equations are: 

g:::::: 1 _ 2pq r 3kl + 3q e-2pkt_ 6p e-qkt . (1) 
. (2p-3) (q-3) (2p-3) (q-2p) (q-3) (q-2p) 

1'= 1- 1 + (2p-l)(q-2) e-3kt+ 2 (q-p) e-2Pkt 2p e-qkt. (2) 
(2p-3) (q-3) (2p-3)(q-2p) (q-3) (q-2p) 

Equation (1) represents: the fraction of the total numbel' of 
molecules of glycerine, present af ter the time tin free state. (Relative 
roncentration of the free glyceri'ne aftel' the time t). 

Equation (2) expl'esses' the relative concentration of the free fatty 
acid aftel' the tÏIn~ t. 

In these equations pand q represent: the increase of concen­
tration of di- resp. monoglycerides at the surface of contact hetween 
fat- and waterphase, ~n consequence ot the adsorption. 

When the velocity constant k is not constant in reality (as in the 
saponification in emlllsion, where the surface of contact between 
fat- and water phase constantly val'ies In size), the equahons (1) 
and (2) ha.ve no physical meaning eaclL in itself. When. however, 
we eliminate k X t, which is possible for different numerical values 
of pand q, we al'l'ive at equatlOns of the general form f (g, T) = 0, 
which give fhe connection between the relative concentrations of 
fl'ee glycerine and free fatty acid for the assumed values of the 
adsorption constants pand q. As was proved 2) these equations are 
independent of the val'Ïability of the constant of velocity k. 

In the saponitication in emulsion complications make, the1'efore. 
their appeal'ance, which in some ca~es éntit'ely cover the stagewise 

1) These Proc. 20, 35 (1916). 
~) loc. cito 41. \ 
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course of the saponification (saponification in alcalic surroundings), 
and it is now of importance more closely to examine the ideal case, 
in which sueh complications do not appeal'. 

Let US consider the saponitication of triacetine in solution, and 
let us assume that the three ester-groups are perfectly equivaJent_ l

). 

TheJl the saponification takes place accordin.e; fo the followlng scheme : 

A<~2:/3H 
D O, 

kt kt kt 
(r) (x) (y) (.!) 

In this Arepresents the triglyceride, B, C, and D the diglycerides, 
E, F, and- G the monoglycerides and H glycerine. Let the numbel' 
of molecules of each of these substances, present aftel' a time t, oe 
represented by 1', .v, y, and 8, in which al and y indicate the nurnber 
of molecules of the three di- resp. monoglycel'ides each taken 
separate, and let the constant of velocity at the splitting off of each 
fatty acid group be kl' 

Then the equations of ,'elocity ltre: 

d1' ; 
- -=3k1 .1'. 

dt 

dtl] - = kJ ~-2kl . tU, 
dt 

dy 
dt = 2k1 tIJ-kl Y, 

ds 
-= 3k l y. 
dt 

Starting from a molecules of triglyceride, we may calculate from 
this that the nurnber of molecules of the different stages pre5ent 
aftel' a time t amounts to the values ti'om column 2 of table 1-

The relative concentrations (fl'action of the total possible number 
of molecules) of eaeh of the glycerides is, therefore, represented bJ 
the values fl'om ('olumn 3 of table 1. The sum of these relative 
concentrations is of course, al ways = 1. 

When we now finally calclllate the number of molecules of acetie 
acid (z) split off aftel' the time t, we filld from z = 3 (tv + 2y + 8) : 

z = 3a (l-~-klt). 

lt With regard to the validity of this assumption cf. § 3 and 4. 

" 
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Glycerides 

Triglycende 

Diglyceride' 

Monoglyceride, 

Glycerine 
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TABLE 1. 

2 

Number of molec. present 
after the time t. 

r = a. e-3ktt 

3,r = 3a. e-2k,t (l-e-k,/) 

\ 3y = 3a e-k1t (l_e-k ,t)2 

s = a . (1-e-k1f)3 

3 

Relat. concentrations 
after the time t 

fI = e-3ktt 

d= 3e-2k,t (I_e-k ,t) 

m = 3e--k ,t (l_e-k1i)2 

g=(1_e-k ,t)3 

Where now 3a molecules of acetic acid are possible, the relative 
concentration l' of the free ace tic acid is: 

T = l-e-kl t 

The two relative concenlrations which are of most importance 
here, are those of Lhe ft'ee fatty acid and of the free glycerine, viz. : 

.q = (l_e-kl t)3 (3) and T = l_e-kl t • • (4) 

from w hich follows: 
g=TB. 

or in wOl'ds: 
In case of stagewise .~aponification of an ester of a t1'i-valent 

alcohol (witlt equivalent OH g7'OUpS) and a univalent acid, t!te relative 
concentmtion of the f1'ee alcohol, independent of time, is ahoays 
equal to t!te tM1'd pqwe1' of the 7'elative concentmtion of t!te free acid, 
pl'ovided that no complications (as in case of saponification in emul-
sion), take place. _ 

When we saponify an ester of a trivalent acid and a univalent 
alcohol, the reverse holds of course, 

The equations (3) and (4) may be derived ·from (1) and (2) by 
putting p === q == 1. 

We may now apply our considerations aIso to the opposite case, 
viz. the esterification of glycerine). with the equivalent quantity of 
acetic acid. 

In this case the reaction is bimolecular, as the reaction velority 
is not only depelldent on the number of still unesterized OH groups, 
but also on the number of molecules of free fatty acid. When we, 
therefore, draw up equations of velocity as in the case of triglyce­
ride saponifiration, i e. wh en in our equations we ollly expl'ess the 
number of free OH groups, which can become esterized, and not 
the number of \ acetic acid molecules available to bring about this 

23 
Proceedings Royal Acad. Amsterdam, Vol. XX. 

f 
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esterification, the velocity constant lc2 occurring in this equation 1) 
will in reality not be constant, but vary with the ace tic acid con­
centration, hence with the time. 

The formulae for 9 and T, which we obtain by integration from 
these equations of velocity, will then have no physiral meaning in 
tüemseh'es. If, ho wever, le, X t is eliminated, which is ahvays pos­
sible, the equation obtained gi ves the connection existing between 
9 and T at any moment of the esterifiration, and that independent 
of the variation of le,. 

The eqnations of velocity drawn up like this for the esterification run: 

ds 
--= 3k, .8, 

dt 

dy - = k, s-2k'1. y, 
dt 

dtv - = 2k2 Y - k,. tv 
dt 

dr - = 3k,. tv, 
dt 

from wbieh after integratioll and introduction of .the relative con­
centl'alions, follows: 

g = e-3~t, and T = e-~t, - and therefore g = TI, 

We see, therefore, that ,q = T8 holds both for the reaction in 
saponifyIJlg sense and for that in estel'izing Bense. Jt follows from 
this that when the two J'eactions take place at the same time (i. e. 
when aIl equilibrium sets in) 9 = 1'3 holds Iikewise. 

This may be proved as follows: 
Fo!' the reaction of equilibrium holds: 

dg dgl + m dg, ' 

d1'= dl'l + mdT,' 

I dgl ft t th " 'f . d dg, tt w len dl' re ers 0 e reactlOn In sap om ymg sen se, all dl' to le reac-
1 , 

tion in esterizing sense, in which rn is a quantity val'ying with the time. 
Because at any moment: 

ad' 
~=-.!!.:...=3T' 
dT1 dT, 

also 

1) We shall denotè here ilnd later the velocity constant in saponifyin'g sense by 
kl. that in esterising sense by k2• 
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dg -= 3T' 
dT ' 

independent of the value of m. 
As fmther the equilibrium reaction begins at the same point as 

. one of the finishing reac1ions (viz. tI = T = 0, Ol' g = '1' = 1), the 
equation g = TB must hold also for the equilib1'Ïum reaction: 

g= T3. 
If the saponification did not take place stagewise, but if triacetine 

directly split up into glycerine and acetie acid, then 1/n of the 
acetie acid wonld be present in free state, when 1/n of the glycerine 
was split off, so that in this case the relative concentrations of 
glycerine and acetic acid would be equal to earh other. For 
the esterification of equivalent ql1antities of glycerine and acetic 
acid the same thing holds of course. 

The comparison of the relative concentrations of initial resp. final 
products furnishes, therefore, a direct quantitative proof whether Ol' 
no a reaction takes place in stages. 

§ 2. The case of the sapOllification of triacetine in aqueolls solution 
is not easy to study expel'imentàlly on account of the difficulty to 
determine the free glycel'ine here quantitati vely. 

Esters, fol' which free alcohol and free acid is easier to 
detel'lnine, are the fats. Glyc~l'ine is solllbie in water, the glycerides 
of the higher fatty acidb are hardly so, no more- than these fatty 
acids themselves, so th at the split off glycerine will be easily 
separated from it. 

The slight solubility in water of the higher glycerides, however, 
involves that most of the saponification processes do not take place 
in solution, but in emulsion. 

A procedure, however, that takes place in solmion at least partially, 
is the so-called sulphuric acid saponifictttion. 

VAN ELDJK THIEME 1) 'has isolated the lower glycel'ides in th is 
method of saponification, which quantitatively pl'oves the stagewise 
course of the reaction. 

The method comes to tbis: 5-10% strong slliphuric acid is added 
. to the fat, which is heated to 1200 or higher. The action of the 
acid is allowed 10 continue fOl' some time, tben the reaction product 
is led into. boiling water, and the formed emulsion is boiled, till the 
I'equired degree of decomposition is attained. 

During the fil'St phase of the process the I'eaction takes place in 
solution. The action of the sulphtll'ic acid is here twofold: 1 the 

1) Thesis for the Doctorate, Delft 1911. J. f. pro Chem. (2) 85 284 (1912). 

23* 
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strong acid acts saponifying; and 2 it attacks the double binding 
of the oleic acid present, in consequence of w hich this is partially 
found back aftel' the operation is over (saponification in emulsion 
and distillation), as iso·oleic acid, whieh is solid at the ordinary 
temperature. Accordingly this method of saponification is applied, 
when a yield of solid fatty acid as. high as possible is desired. . 

In order to examine the stagewise eourse of the saponification 
with skong sulphuric acid quantitatively, it IS necessary to start from 
a saturate triglyeeride in order to avoid this complication. A suitable 
mate rial is the trilaurine (to be prepared from Tangkallak.tat by 
re-crystallisation from alcohol), the same triglyceride that was used 
by VAN ELDJK THrEME 

Aftel' repeated futile attempts to isolate the pttrtially saponified fat 
without further saponification in emulsion taking place, the following 
method was applied: \ 

Ö grammes of tdlaurine were carefully weighed in a glass beaker 
of 2.50 cc. lt was carefully melted, a certain quantity of stl'ong 
sulphul'ic acid was added, and eve!,ything waS thoroughly mixed. 
Then the glass beaker was covered by a watch glass, and left for 
some time either in a drying oven, or at room temperature, dIlring 
which the stit-ring was sevel'al times repeated. 

Aftel' the fixed time had elapsed, the beaker was cooled in iee, 
and in order to separate glyrerine and sulphuric acid from the 
glycel'ides and the fatty acid, as much pounded ice was added as 
was necessaJ'y to keep the temperatnre under 0° C. Aftel' mixing, 
ether was added and it was all bl'Ollght into a cock·funnel. Aftel' 
shaking and sepal'ation of the layers 1) the water layer was ponred 
oir as shar'ply as possible, and collected for the determination of the \ 
quantity of fl'ee glycerine. 

The ether layer was rinsed with alcohol in a flask and titI'ated 
with. aleoholic KOR to fix the quantity of split oir fatty acid. I~ this 
titration a little slllphurie aeid is always also titrated. This was 
gravi-metr'Îçally determined aftel' evaporation of ether and aleo,hol, 
decomposition of the soap with hydrochloric acid, and removal of the 
fatt)' acids with ether, and then deducted. 

The glycerine water was l'epeatedly shaken with ether to remove 
traces of glycerides, then boiled till all the ether (and alcohol originating 
from tbe ethel') had again been removed, Then the glycerine was 
determiJled by oxidation wHh potassium bichl'omate of known stl'ength, 

1) If a !lufficient quantity of sulphuric acid is present a good separation is 
obtained in a few minutes. 
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and retitration with sodium thiosulphate according to STl<1INFELS' 

method 1
.) 

The results obtained thus are recorded in tab Ie 2 (curve A of the 
1009 

wol--------=----------:lI 

" 

" 

" 

figllre). The \'elative concentrations have here been both given in 
percentages. It appears that within a short time a state of equi­
librium is reached, the sitllation of which varles with the concen­
tratioIl of the sulphuric acid. 

TAB L E 2. 
Saponification of Tnlaurine. 

3 4 5 6 7 8 

<IJ , 
.... 

Number of 100 g. Time 
::2 

Strength 100 T ~ cc. H2S04 of action .... of the Remarks <IJ to 5 gr. of 
/ found 

(about) 0.. HZS04 (found) calcu-
E trilaurine 
<IJ lated 
f-

1 uur I 60° 91.5% 15 39.6 6.2 5.7 

1 ,. 90 ,. » 41.3 7.0 6.4 

2 ,. 95 ,. ,. 54.0 15.8 (4.9) carbonization ! 

4 ,. 75 ,. 5.5 39.0 5.9 3.1 

3 ,. 75 95% 0.25 15.35 -

1 ,. 60 ,. 40 49.4 12.1 8.9 

1 ,. 20 ,. 30 5004 12.8 10.0 

15 min. 20 
I 

,. 20 48.1 11.15 10.7 

1) Seifens. Ztg. 42 721 (1915). 
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Somewhat less split oft' glycel'ine was always fOllnd than eorre­
sponds wüh 9 = T8. The deviahon is slight, but on an average mOl'e 
than the err01' of obsel'\'ation. In § 3 the IInportance of thü, will be 
fUl'thel' bet forth. 

As, on account of the seHing in of Ihe equilibrium, only a small 
region eould be examined In the sapomfication, it was tried to 
complete the found curve by std.ding from equivalent quantities of 
glycenne and lallrinic acid, and esterizing this in strong sulphllric 
acid. 'rhe procedul'e was here quite identIeal witb the preceding 
case, instead of 5 grams of trilaUl'ine 4.705 gl'ams of laurlllic acid \ 
and 0.710 gram of glycerine were now weighed, 

The l'esults obtained in this way are collected in table 3 (cnrve 
B of tbe figure). 

It appears tbat in the esterification always more free glycerme is 
present than cOl'l'esponds with 9 = T8, and the more as the esterl­
fication has proceeded 1ess faro 

It is now the qllestion: how are the devlatlOns fOllnd in tbe 
saponifieation and the esterification, to be accounted fol'? 

TAB L E 3. 
Esterification of laurinic aCId with glycerine 

121 3 4 5 6 7 8 

I 
lIJ 

1 .... '0 Number of I 
I 

... 
Time of 

:::J oQ) cc. H2S04 to 100 T 100 g ~ -E:ga 
action ... 4.705 W· I 1100 T' I 

100 T 2 lIJ bl!<tlC/) launmc aCid (about) 0. c '. found found E ~~J: and 0.710 gr, 
~ èi5 .... of glycerme. 

5 hours I 20° 95% I 20 43.8 I 8.4 10.6 I 19.2 

1 11 11 11 11 55.9 17.45 25.8 31.25 

20 mm. 11 11 11 61.75 23 5 31 3 38.1 

10 
" 11 11 11 63.1 25.1 37,3 39.8 

5 
I '" 

I 
67.9 31.3 

\ 

46.9 46.1 11 11 11 11 

§ 3. Shol'rly aftel' I had obtamed the l'esults l'ecorded in tables 
2 and 3 I imagined the question to be as follows: In vil'tue of the 
fact tbat secolldal'Y esters are on ,the whole more slowly saponified 
than primal'y ones it is natul'al to expect that the middle ester group 
of the triglyceride wiII also be 810wer 10 react than the two othel's. 
We may then expect in the saponifieation that 9 < T3. If on the 
other hand laul'inir acid WJth glycel'ine is estel'ized, the secondal'y 
~\.lcohol ~rol1p will pl'obabl, a180 in tllls case react more slowly. 

--- ---~-- ---=--==,,--==='-'-=---=-" 
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It seerned explicable to me theretore rhat in tUe esterificatIOn 
revel'sely g> 1'3 w~s found. On second thOllghts the latter, howevel', 
appeared to be entirely elTon'eöus, 

Let us fh'st study the saponification of the triglycel'ide, and let 
the velocity constant of tbe saponification of the secondary estel'­
gl'OUp be = p, kl, those of' the two pl'Ïmal',V estergl'OllpS = kl , Then 
we obtain the followmg scheme: 

In the calclllation of the relative concentl'ations of the ddfel'ent 
mono- and di-glycerJdes we must now bear in mind that these con­
centrations al'e not mutually equal. 

We now find that aftel' the time t: 

9 = (1- e-l'klt)(l-e-kJ 1)2. (6) 

7' = 1 - t rrpkl t - te-kl t. (7) 

lf' in these equations we substitute p = 1, we of' course find back 
the equations (3) and (4), 

It is now the question: what is the sitllation of the curve ( 

I(q, T) = 0, when p ~ 1, with regard to the curve g = 1'3
, 

Ol' 

or 

Fot' P ~ 1 we have according 10 (6): 

l-e-pk1 t 
9 = (1_rrk1t)2. (l-e-l'kjt) = (1_rrklt)3 • ----, 

l-e- kl t 

Further: 
l' = 1 - ie-kit - t e-pk11 = 1- rrl..l t + i (e-klt - rl'k11), 

l e-klt - e-Plr1tt 
T = (1 e-kl t) 1 + 1 ----;---

1f 1 _ e-kJt 
\ 

lf we now put the fraction: 
e-kl t _ e-plr1 t 

1 - e-kl t 
6., 

(8) 

(9) 

jn which. thel'ef'ol'e 6. is positive Ol' negative according as jJ IS 

gl'eatel' or smallel' than unity, the followÏJlg equation follows from (8) : 

9 = (1 - e-lrI1)3 • (1 + 6.) . , ' (10) 
and from (9) 
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T = (l - e-kj t) (1 + t 6) 
Ol' 

T8 = (1 - e-k1tp (1 + f 6)8. (11) 
From (10) and (11) fol1ows: 

g 1+6 1+6 
1'3 (1 + f 6)3 -1 + 6 + f 6' + ft 6 2 (12) 

Tbis fraction is al ways < 1, also when 6 is negati ve, becanse 
the third power term can never preponderate. The latter is easily 
prov-ed as follows: 

If 6 < 0, it is reql1ired for tbe preponderance of tbe 31d power 
term that: 

- ft 6,8 > f D. 2
, hence 6 < - 9, 

hence: 

or 
8rkl t + e-pkl t > 9, 

and this can never be fulfilled, because e-klt alld e-pkjt are always 
smaller than 1. 

It follows thel'efore from what precedes that when p de\'Ïates 
from the value' 1, no matter whether p> 1, Ol' < 1, always le,<;s 
glycerine wW beo liberafed during the saponification than cOl'responds 
with g = Ta. 

§ 4. Ifet us now consider the esterification which pl'oceeds ac­
cording to the same scheme. Then we fiIJd: 

. . . . . . (13) 
and 

(14) 

We now put tbe question: what is tor values of p ~ 1 the 

sitnation of the ,/(g, T) = 0 detel'mined by (13) and (14) with 
regal'd to the çUl've g = T~. 

We find from ~13) and (14) in the same way as before: 

. (15) 

and 

(16) 

Let uS put the fl'action: 
e-pk.t - e-~t 

rk.;,f =6 1 
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in which 6. is now positive or negative according as p is smaller 
or greater than unity. Then follows again from (15) and (16): 

9 1 + 6 -:-:----:--:-< 1 . • . . • . • (12) 
Ta (1 + t 6)3 

We see therefore that also in the esterification f! is always < TB, 
when p departs from the value- 1, as here to~ 6 < - 9 is impossible. 

When now equilibrium sets in, the reactions in saponifying and 
esterizing sense take place simultaneoLlsly. When one estergl'oup 
deviates from the two others, evel'y change in either direction leads 
to arelation. g < Ta. in other words g < Ta holds also here for 

~ the reaction of equilibrium. I 

When we shortly sum up what precedes, it appeal's that: 
Both i1~ fhe saponification of tr(qZVce1'ides and in the estm'ification 

of equivalent quantities of glycerine and fatty acid the 1'elative 
concentration of the. free glycm'ine is equal to .01' smaller than the 
thi1'd power of the /'elative COllcentl'atio12 of the f1'ee fatty acid, 
acco1Yling as the diffel'ent g1'OUpS are eq~tivalent Ol' not, provided no 
further complications (as e. g. in the saponification in emulsion) 
take place. 

The situation of the experimentally determined curve A (see the 
figure) under the curve ,q = T3, can therefore have been caused 
either by a saponification of the secondary estel'group that proceeds 
more rapidly and by one that proceeds less rapidly compared with 
the pl'imary este1' groups. 

It is, ho wever, natural to assume that the latter is the case. 

~ 5. Aftel' the foregoing it is cleal' that the experimentally 
determined curve B of the figure can never find Us explanatiûn in 
inequivalence of the ester gronps; accol'dingly Ihel'e must be another 
reason that canses g to be > Ta in the esterification. This reason 
is probably the biválence of the sulphul'ic acid which sel'ves as 
medium. \ 

To realise I this let us th'st inql1ire a I1ttle more closely into the 
proces!' of saponifieation: 

When trilául'ine is pnt in contact with sulpburic acid, addition 
compounds are formed. The sulphuric acid is \'ery loosely bonnd in 
these compounds, in water it is immediately split off again. The 
binding bet ween sulphuric acid and laurinic acid may pel'haps be 
most fitly compal'ed wUh tbat bet ween water and salt in a salt 
hydrate. However this may be, the saponification may' now be 
imagined as follows: 

I: 
i 
" 
" 1 
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The sulpblll'Ïc acid· ~oulld to all estergronp, expels the laurinic 
acid from it llnder formation of glycel'ine slliphuric acid, so th at, 
finally glycerine tl'isulphuric acid is fOl'med. This may be expressed 
as fol1ows: 

OH~OOO. R (H~S04) ~ OH~OSO~OR (R. COOH) 
I I 

OH 000. R (H,Sû4) ~ CH OS020R (R. COOR) 
I I 

CR200C. R (H2S04) ~ CH 2 0S020H (R. CO OH) 

What takes place now on the other hand in case of esterification 
in sulphuric arid surroundings? When glycerine, lallrinic acid, and 
sulphul'ic acid are mixed the glycerine will immedi'ately be bound 
with the sulphuric acid, but cel'tainly not only glycerine trisulphuric 
acid wiII be formed then. When a molecule of sulphllriC acid combines 
with one of the alcohol groups of the glycerine, tbe chance is great 
that the ti'ee acid group of the sulphuric acid still combines with a 
second alrohol group of the same glycerine molecule, and that we 
therefore get the com pounds : . 

/0-CH 2 

02S", ! 
O-CH 

I 
and 

H2C-0. S02' OH 

i.e. slllphates of glycerine mono slllphllric acid. 
We may imagine the esterification of these sulphates as follows: 

OH2-O", OH2 OOC . R (R2SO 4) 

I /80 2 (R. COOR) + R. COOH (H280 4) I 
CH - 0 ~ CH OOC. R (H 280.) 
I ~) I 
CH2 !.-O. S02 . OH (R. COOH) ) UH 2 ooe. R(H2S04), 

(2) 
i.e. the h~o OH groups that arè bound to one molecule of H2SO( 
are esterized at the same time. 

Let us now examine what relation there will be betvveen the 
relative concentrations of free glycerine and free lallrinic acid. Let 
us put the "constant of velocity" = plc2 for l'eaction (1), and _ k2 

for l'eaction (2), we obtain the following scheme fOI' the esterification : 

'~B--Z 
A~ D 

p.ks----.. C ~ 

(s) ( y ) ( x) ( r) 

, 
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In this A l'epl'esents the glycerine, which ean be convel'ted to 
monoglycet'ide B with a "velocity constant" k" and into diglyceride 
C with a "veloeity constant" 11k,. Eithel' of these can be converted 
into triglyceride D with the given "constants of veJocity". 

When we now detel'mine the equations of velocity, theu pand k, 
occur in tbem, wbieh are both variabie : 

ds -
- di = (p + 1) k, ' S, 

dy , 
- = k • . s -pk, . U, . dt' v 

dm 
- = pk2 ' s-k, ' m, 
dt 

d'r , 
-=k, .. v+pk, .'!J. 
dt 

We may, howevel', put pand k, constant dllring a short period 
ti'om tbe beginning of the l'eaction, and ascertain tbe form of 
1 (g, T) = 0 at die end of tbis short period. 

As was already discussed before, k, does not oecur in this last 
function, from which follows that l(g, T) = 0 is independent of 
the value and of the val'iations of Ic, . . !t is now, howevel', the 
qu.estion wbethel' the factor p can likewise be eliminated, or whether 
it remains in the equation. In tbe former case f (g, T) = 0' is also 
independent of p, in the latter rase il is not. lt is, of course, directly 
to be seen that the factor p wiII certainly have influence, and can, 
therefore, not be eliminated. ' 

This, however, causes the relation holding at the end of the short 
pel'iod that pis considel'ed constant, to change if the l'eactÎon progresöes. 
From this l'esults that the found 1 (q, 1') = 0 does not hold thl'Ough­
out the course of thè reaction, but only ,represents a cnl've whieh 
ma)' be serviceable as an orientation whether g> 1'3 is possible at 
the supposition made. 

Moreover when equilibrium comes near, the l'eaction in opposite 
sense begins to exert more and more intJuence. In view of the fact 
that the sulphates considel'ed are esterized to glycerides, bnt are not 
l'estored to theit' original form by the opposite reaction, it is clear 
that at last the same equilibrium is l'eached as' in the saponification 
of tl'iglyreride. ' 

It is, therefol'e, now the question: is there an initial vaille of p 
to be found by means of which the) curve B found experimentaHy 
is to be explained, 
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Integration of the equations of velocity yields for the relative 
concentrations of free glycerine and free fatty acid aftel' the very 
short time t: 

(17) 

and: 
T = i 12e-pk.;t + e-k.;tl (18) 

from which: 

T = -i l2gP~1 + gP~l ~ (19) 

Equation (19) gives for: 

p = 1 T = gl/2 or 9 = T' 

p = 2 T = t ! 2r/1a + III I " 9 = ti ! VI + 24 T - 1 18 

When now tbe values found experimentally are compared with / 
the values of column 8 of table 3 and with the curve ,cl = T~ of 
the figul'e, it appears that the experiment can be explained by tbe 
above reaction, if the initial yalue of pis P ~ 1. 

The above should stl'ictly speaking be completed with the deter­
mination of the quantity of "sulphate of glycerine mono sulphuric 
acid': fOl'med when glycerine and sulphuric acid ar'e mixed, which. 
ho wever, wiII be exceedingly dlftiCUlt to accomplish. 

It is, thel'efore, only our intention to give a plausible explanation 
of the experimentally found eurve B of the figure. Whethel' this 
explanation is perfectly correct may pel'haps be decided by~ later 
experiments. 

We see, thel'efore; thal in tbe esterification of glyeel'ine with fatty 
acid dissolved in stl'ong sulphul'ic acid, complications are agam met 
with, which cause a deviation from the ideal case. 

Probably othel's than glycel'Î~e esters wil! be better adapted to 
I'ealise this ideal case. lt appears, however, from the above that it 
is exactly the deviations th nt often furnish valuable data about the 
mechanislTI of areaetion that takes pJace in stages. 

In conc1usion a few words about the second phase of the sulphuric 
acid saponification, viz. the boiling with water. When the reaction 
product of the first phase is made to flow into boiling water, a very 
fine emulsion is fOl'med, the dispersity of whieh rapidly diminishes. 
The temporary fineness is caused by the presence of mqnolaurine, 
which greatly 10wers the surface tension bet ween water and fat. l

) 

This is attended with adsOl'ption of monolanrine at the sUl'face of 
contact between fat and watel' (the place of reaction in saponification 

I in emulsion), whieh causes it to be quickly saponified, and the dis-
I 

1) TREUB 1. C, 
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persity of the emulsion to decrease. 1
) A consequence of this is that 

in the initial stage of the second phase a considerable sepal'ation of 
glycerine takes place. 

In the saponification in emulsion the relation bet ween the relative 
concentrations of free fatty arid and free glycerine is now deter­
mined by the adsorption of the lowel' glycel'ides at the surface of 
contact between fat and water. -In this case the three esttll'groups of 
the triglyceride may be taken as equivalent witb very close appl'Oxi­
mation. The eqnation T = 1/8 (g + l/a + l/a), which is founded on 
this supposition, and which holds for the TWITCHELL-pl'OCess, holds 
also at the end of the second phase of the sulphuric acid saponification, 
whell the water contains but little sulphul'ic acid (from 1 to 2%), If 
the acid content in the water is greater, then T> 1/3 (q + g2/8 + lIs). 

SUMMARY. 

The relation between the relative concentrations of free glycerine 
and fl'ee fatty acid was deri ved for the ideal case that tri-glyceride 
saponitication takes place in solution, the ester groups are equiva­
lent, and no com'plications present themselves. 

It holds that the relative concentration of the fl'ee glycerine is at 
any moment equal to the third power of the relative concentration 
of the t'ree fatty acid in case of stagewise saponification. 

The same thing holds fol' the ideal case of esterification. 
In the saponification of trilaurine with strong sulplnu'ic acid only 

a very slight deviation was found, caused by the not perfect equi­
valem'e of the th ree ester groups. This is a direct and quantitative 
proof of the stagewise course of the reaction. 

In the esterification of equivalent quantities of laurinic acid and 
glycerine dissolved in strong sulphuric acid deviations were found, 
which are pl'obably caused by the action ofthe two-basic sulphuric acid. 

Gouda, May 1917.- Laboratory of the Royal Stearine 
Candle W orks "Gouda". 

1) In treating fats, containing unsaturated acids, with strong sulphuric acid at 
high temperature, compounds are formed that keep up the dispersity of the emul­
sion during a longer time. 


