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Physico-chemical Properties of Substances used
as Molluscicides

Hydrolysis of N-Tritylmorpholine (Shell WL 8008)*

A. H. MEYLING, J. MEYLING & R. J. PITCHFORD

Under field conditions molluscicides can undergo hydrolysis to compounds that have no
molluscicidal action. In a continuation of laboratory studies on hydrolysis, investigations
have been made on N-tritylmorpholine (Shell WL 8008). The rate of hydrolysis increases
with decreasing pH, being rapid below pH 7. An emulsion prepared from an emulsifiable
concentrate was found to be much more stable than an aqueous solution of the compound,
presumably because of the protective effect of oil droplets. The stability of the compound
as a wheat-germ bait was also studied; there was about a 10 % decrease in concentration in
22 hours. The portion that dissolved in the water was almost completely hydrolysed,
whereas that remaining in the bait was much less so.

In an earlier communication (Meyling& Pitchford,
1966), the hydrolysis of molluscicidal substances
accompanied by precipitation and the consequent
decrease in concentration of the active substance
were discussed. In the present paper, hydrolysisW
without precipitation is demonstrated with N-trityl-
morpholine. This substance splits into its component
parts, triphenylcarbinol (triphenylmethanol) and
morpholine, on hydrolysis. Both of these are more
soluble than tritylmorpholine and neither is mollus-
cicidal.

MATERIALS AND METHODS

Analysis of compounds
All analyses were done by the method for tri-

phenylmethane derivatives developed for the analysis
of ICI 24223 (Meyling, Schutte & Pitchford, 1962).
Materials were extracted with purified aliphatic
hydrocarbon,' the extract was shaken with concen-

* A contribution from the Bilharzia Field Unit, South
African Council for Scientific and Industrial Research,
Nelspruit, Eastern Transvaal, South Africa.

1 The aliphatic hydrocarbon (hexane) used for the extrac-
tion was first boiled under reflux for approximately 2 hours
with concentrated sulfuric acid (about 20 ml H,SO, to 500 ml
hexane). It was then distilled off, washed well with water
and dried over anhydrous sodium sulfate. Extremely low
blanks were thereby obtained.

trated sulfuric acid and the yellow acidic solution of
the free trityl radical diluted with 50% (v/v) sulfuric
acid. To distinguish between tritylmorpholine and
triphenylcarbinol, the extract was divided into two.
One portion was treated directly with concentrated
sulfuric acid. To the other portion 5% (by volume)
of diethyl ether was added and the solution was
passed through alkaline alumina (chromatographic
grade, according to Brockmann). Alumina retains
triphenylcarbinol; by passing air through the
solution, the percolate containing the tritylmor-
pholine was freed of ether. It was then shaken with
concentrated sulfuric acid.
The yellow solution of the trityl radical often had

a persistent cloudiness, which was cleared by trans-
ferring the solution to a dry test-tube; this was then
placed in a water-bath at approximately 60°C and
air was passed through for one minute. Sulfuric acid
of the same concentration treated in the same manner
showed a negligible loss in weight. The optical den-
sity of the yellow solution was measured at 410 m,t.
To determine the accuracy of the method, two

samples, one containing 0.05 mg of triphenylcarbinol
and the other 0.05 mg of tritylmorpholine, both in
hexane, were analysed for total triphenylcarbinol and
tritylmorpholine. Table I shows that the accuracy
was 100%+6%.
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TABLE I
ACCURACY OF METHOD FOR DETERMINATION

OF TRIPHENYLCARBINOL AND TRITYLMORPHOLINE

Weight Extinction ExtinctionCompound I(mg) before passing of
over A6203 percolate

Tritylmorpholine 0.050 0.823 0.853

Triphenylcarbinol 0.050 1.105 a 0.045

a This measured value is within +6% of the values (1.048
and 1.108) calculated from the measured values for tritylmor-
pholine before and after passage over A6203 by multiplying
them by the ratio of the molecular weights of tritylmorpholine
and triphenylcarbinol.

Determination ofstability of tritylmorpholine
The dependence ofthe half-life of tritylmorpholine,

as a solution and as an emulsion, on pH was de-
termined at 280C.
Pure compound. Ten mg of pure crystallized trityl-

morpholine were dissolved in alcohol and the
volume made up to four litres with distilled water
containing 100 ml of 0.2-N dipotassium hydrogen
phosphate. The solution was filtered through What-
man No. 1 filter-paper and 1-litre portions were
brought to a pH of 6.5, 7.0, 7.5 or 8.0 by adding
0.1-N hydrochloric acid; the pH was measured with
a glass electrode. The four samples were then placed
in a water-bath at 280C. After different times, 400
ml of each sample were extracted, once with 25 ml
and twice with 10 ml of hexane. The extracts were
combined, dried with anhydrous sodium sulfate and
made up to 50 ml with hexane. The total triphenyJ-
carbinol content (expressed as its morpholine
derivative) in 10 ml of this solution was determined.
Tritylmorpholine was determined in 25 ml of the
same solution.

Emulsifiable concentrate. Fifty-nine mg of the con-
centrate were dispersed in four litres of distilled
water containing 100 ml of 0.2-N dipotassium hydro-
gen phosphate. The tritylmorpholine and triphenyl-
carbinol contents were determined in the emulsion,
which was then divided into four portions, which
were brought to pH 6.5, 7.0, 7.5 and 8.0, respectively,
and left in a water-bath at 28°C. After different
times, 100 ml of each portion were extracted, twice
with 10 ml and once with 5 ml of hexane; the com-
bined extract was dried and made up to 30 ml. Ten
ml of this extract were used for each of the triphenyl-
carbinol and tritylmorpholine determinations. In
both cases 10 ml of 50% (v/v) sulfuric acid were

pH-DEPENDENCE OF HALF-LIFE OF TRITYLMORPHOLINE
IN SOLUTION AND IN EMULSION AT 280C
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added (instead of the usual 5 ml) to dilute the con-
centrated sulfuric acid extract to bring the extinction
within the range of minimum error (extinction 0.3-
0.7).

Calculation of half-life
If it is assumed that hydrolysis will proceed to

completion, the half-life (ti½,) 1 can be calculated from
the following equations:

concn (%) of tritylmorpholine
1 ( ~~~~~~~atstart

k = - x 2.3026 log1o
t concn ()of tritylmorpholine

after t hours
and

2.3026
ti/2= k loglO 2

The half-life of the compound is independent of
the initial concentration. By plotting til2 on a
logarithmic scale against pH, as in the accompanying
figure, straight-line graphs were obtained, i.e.

log10 ti/2=a+b(pH).
By calculating a and b by the method of least
squares, the following values were obtained:

a=-3.8; b=0.69 for the pure compound;
a= -2.6; b=0.62 for the emulsion.

1Half-life is the time (in hours) needed to reduce the
concentration of the compound to half of its original value.
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TABLE 2
EXTINCTION OF TRIPHENYLCARBINOL AND TRITYLMORPHOLINE AND HALF-LIFE

OF TRITYLMORPHOLINE IN SATURATED AQUEOUS SOLUTION
AT DIFFERENT pH VALUES AT 28°C

Total
Time triphenyl- Tritylmorpholine

pH of (hours) carbinolo
sample before Extinction Extinction Concn Half-life (hours)analysis of 10 ml of 25 ml (% of

extract b extractb original) Observed Calculated

6.5 0 0.325 0.617 75.9 - -

7.06 0

7.5¢ ° 0.279 0.588 84.0 - -
8.06c 0

6.5 19.7 0.328 0.038 4.6 4.9 4.8

7.0 21.6 0.280 0.141 20.1 10.5 10.7

7.5 24.4 0.324 0.321 39.6 22.4 23.7

8.0 24.3 0.271 0.415 61.3 53.5 52.5

a Total triphenylcarbinol is free triphenylcarbinol plus combined triphenylcarbinol, both
expressed as tritylmorpholine.

b Corrected for extinction of blank.
c Samples were analysed before adjustIng the pH.

Wheat-germ bait. The stability in water of the RESULTS
wheat-germ bait was tested as follows. About 4 g of The results in Tables 2 and 3 and in the figure
bait were placed in an absorption column with a show that the half-life of tritylmorpholine in both the
sintered-glass plate at the bottom. Four litres of solution and the emulsion increased with increasing
water were brought to pH 7.5 with dihydrogen PO- pH. The results in the last column of Tables 2 and
tassium phosphate and hydrochloric acid and then 3 were calculated from the equation
placed in a Mariotte bottle, the outlet of which was log til =a + b(pH).
connected to the absorption column containing the a
bait. The height of the air inlet to the Mariotte The higher stability of tritylmorpholine in theboit.Tlewa adjusted to give ar fnlow to aut 70M ,/h. emulsion prepared from the emulsifiable concentrate
bothle water percted thoughv the baitofo 22 hours probably arises from the fact that a certain pro-
and 1380 ml of percolated waterwe collected. he portion of the compound is shielded by oil droplets
temperature during the experiment varied between and issubject to hydrolysis only when it diffuses into
24°C and 36°C. the aqueous phase.

The percolated water from the bait contained
The 4 g of bait were then dried and ground in a 1.13 mg of molluscicide, of which 85.5% was hydro-

mortar. One gram of the finely ground bait was lysed. The bait after percolation contained 12.9 mg/
extracted with 100 ml of carbon tetrachloride. Five gram of the compound after drying, of which 41.7%
ml of this solution were evaporated, the residue dis- was hydrolysed.
solved in 25 ml hexane, and the amounts of trityl- The original bait contained 10.8 mg of compound
morpholine and triphenylcarbinol were determined per gram of bait, of which 27.1 % was decomposed.
in 2 ml of this extract and in 2 x 400 ml of the per- The higher figure for the amount of compound in the
colated water. A fresh sample of bait was extracted extracted bait was probably due to other substances,
in the same way. especially proteins, being extracted from the bait.
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TABLE 3
EXTINCTION OF TRIPHENYLCARBINOL AND TRITYLMORPHOLINE

AND HALF-LIFE OF TRITYLMORPHOLINE (1.4 ppm) IN EMULSIFIABLE CONCENTRATE
DISPERSED IN WATER AT DIFFERENT pH VALUES AT 280C

Total
Time Triphenyl- Tritylmorpholine

pH of (hours) carbinol aT
sample before Extinction Extinction Concn Half-life (hours)

analysis of 10 ml of 10 ml (% of
extractb extract b original) Observed Calculated

0~~~~~~~~~~~~

7.0c 0 0.0.645 0.433 67.1

8.0C 0 0.65

6.5 46.8 0.627 0.119 19.0 25.7 26.9

7.0 46.7 0.643 0.284 44.2 77.5 54.9

7.5 46.5 0.617 0.304 49.3 104.6 112.2

8.0 46.5 0.654 0.386 59.0 250.3 229.1

a Total triphenylcarbinol is free triphenylcarbinol plus combined triphenylcarbinol, both
expressed as tritylmorpholine.

b Corrected for extinction of blank.
c Samples were analysed before adjusting the pH.
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RtSUMt

Dans les conditions d'utilisation sur le terrain, les
molluscicides peuvent etre hydrolyses en composes inac-
tifs. Des recherches ont et6 faites sur le N-tritylmorpho-
line (Shell WL 8008) dans le cadre d'une etude de labo-
ratoire sur l'hydrolyse. Ce produit est hydrolyse en
triphenylmethanol et en morpholine qui sont sans action
molluscicide et d'une solubilit6 superieure a celle du
tritylmorpholine. Les auteurs en decrivent les methodes
de dosage.
Le taux d'hydrolyse augmente en raison inverse du

pH et l'hydrolyse est rapide au-dessous de pH 7. Une
emulsion preparee a partir d'un concentr6 6mulsionnable
s'est montree beaucoup plus stable qu'une solution
aqueuse du compose, sans doute en raison de l'action
protectrice des gouttelettes d'huile. La stabilite du
compose utilise en appat aux germes de b1l a aussi ete
etudiee; la concentration a decru d'environ 10% en
22 heures. La fraction qui s'est dissoute dans l'eau a e
presque completement hydrolysee tandis que celle qui
restait dans l'appat l'a et6 beaucoup moins.
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