THE ENDOCHRONIC PROPERTIES
OF RESUBLIMATED

THIOTIMOLINE

BY ISAAC ASIMOV

An article on a remarlkable chemical sub-

stance.

T'his onc secms to have escaped

from the J..1.C.S.—-probably by rcquest.

The corrclation of the structure
oi organic molccules with their va-
rious properties, physical and chem-
ical, has in recent years afforded
much insight into the mechanism of
organic reactions, notably in the
theories of resonance and mesomer-
isin as developed in the last decade.
‘The solubilities of organic com-
pounds in various solvents has be-
come of particular interest in this
connection through the recent dis-
covery-of the endochronic nature of
thiotimoline.?

It has been long known that the

solubility of organic compounds in
polar solvents such as water is en-
hanced by the presence upon the
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hydrocarbon nucleus of hvdrophilic
—--i.e. water-loving—groups, such as

the hydroxy (-OH), amino (-NH.),

or sulfonic acid (SO;H) groups.

Wiliere the physical characteristics
of two given compounds—particu-
larly the degree of subdivision of the -
material—are equal, then the time ot
solution—expressed in seconds per
gram of material per milliliter of sol-
vent—decreases with the number of
hydrophilic groups present. Catechol,
for instance, with two hydroxy
aroups on_the benzene nucleus dis-
solves considerably more quickly
than does phenol with only one hy-
droxy group on the nucleus. I‘ein-
schreiber and Hravlek? in their
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studies on the problem have con-
tended that with increasing hydro-
philism, the time of solution ap-
proaches zero. That this analvsis is
not entirely correct was shown when
it was discovered that the compound
thiotimoline will dissolve in  water
—in the proportions of 1 gm./ml.—
i minus 1.12 seconds. That 1s, it
will dissolve - before the water is
added.

Previous communications from
these laboratories indicated thioti-
moline to contain at least fourteen
hydroxy groups, two amino groups
and one sulfonic acid group.® The
presence of a nitro group (-NO.)
in addition has not vet been con-
firmed and no evidence as yet exists
as to the nature of the hydrocarbon
nucleus, though an at least partly
aromatic structure seems certain.

The Endochronometer—First at-
tempts to measure the time of solu-
tion of thiotimoline quantitatively
met with considerable difficulty be-
cause of the verv negative nature of
the value. The fact that the chemi-
cal dissolved prior to the addition of
the water made the attempt natural
to withdraw the water after solution
and before addition. This, fortu-
nately for the law of Conservation
of Mass-Energy, never succeeded
since solution never took place un-
less the water was eventually added.
The question is, of course, instantly
raised as to how the thiotimoline can
“know” in advance whether the wa-
ter will ultimately be added or not.
Though this is not properly within
our province as physical chemists,
wiuch recent material has been pub-
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lished within the last vear upon the
psychological and philosophical
problems thereby posed.*?
Nevertheless, the chemical diffi-
culties involved rest in the fact that
the time of solution varies enor-
mously with the exact mental state
of the experimenter. A period of
even slight hesitation in adding the
water reduces the negative time ol
solution, not infrequently wiping it
out below the limits of detection. To
avoid this, a mechanical device has
been constructed, the essential de-
sign of which has already been
reported in a previous communica-
tion.® This device, termed the endo-
chronometer, consists of a cell 2
cubic centimeters in size into which

-a desired weight of thiotimoline is

placed, making certain that a small
hollow extension at the bottom of
the solution cell—1 millimeter in
internal diameter—is filled. To the
cell, 1s attached an automatic pres-
sure micro-pipette containing a spe-
cific volume of the solvent con-
cerned. Five seconds after the cir-
cuit is closed, this solvent is auto-
matically delivered into the cell con-
taining the thiotimoline. During
the time of action, a ray of light is
focused upon the small cell-exten-
sion described above, and at the in-
stant of solution, the transmission
of this light will no longer be im-
peded by the presence of solid thio-
timoline. Both the instant of solu-
tion—at which time the transmission
of light is recorded by a photoelec-
tric device—and the instant of sol-
vent addition can be determined with
an accuracy of better than 0.019.
Ii the first value 1s subtracted from
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the second, the time of solution (T)
can be determined.

The entire process is conducted -

in a thermostat maintained at 25.00°
C.—to an accuracy of 0.01° C.

Thiotimoline  Purity—The ex-
treme sensitivity of this method
highlights the deviations resulting
from trifling impurities present In
thiotimoline. (Since no method of
laboratory synthesis of the substance
has been devised, it may be practi-
cally obtained only through tedious
1solation from its natural source, the
bark of the shrub Rosacea Karls-
badensis rufo.”) Great efforts were
therefore made to purify the ma-
terial through repeated recrystalli-
zations from conductivity water—
twice re-distilled in an all-tin appa-
ratus—and through final sublima-
tions. A comparison of the solu-
tion times (T) at various stages of
the purification process is shown in
Table I.

It is obvious from Table I that
for truly quantitative significance,
thiotimoline purified as described

must be used. After the second re-
sublimation, for instance, the error
involved in an even dozen determina-
tions is less than 0.79% with the
extreme values being —1.119 scc-
onds and —1.126 seconds.

In all experiments described sub-
scquently in this study, thiotimoline -
so purified has been used. |

Time of Solution and Volume of
Solvent—As would seem reason-
able, experiments have shown that
increasing the volume of solvent
cnables the thiotimoline to dissolve
more quickly—i.c., with an increas-
ingly negative time of solution.
I'rom Figure 1, however, we can
sce that this increase in endochronic
propertics levels off rapidly after a
volume of solvent of approximately
1.25 ml. This interesting plateau
effect has appeared with varying
volume of solvent for all varieties
of solvents used in these labora-
tories, just as in all cases the time of
solution approaches zero with de-
creasing volume of solvent.

TABLE 1
Average *T”
Purification (12 obser-
Stage vations:) “T extremes % crror
S TEOIBIEH .. ... comior e i 4 o i e v —0.72 —0.25; —1.01 34.1
First recrystallization ....... —0.95 —0.84; —1.09 9.8
Second recrystallization ..... —1.05 —099; —1.10 4.0
Third recrystallization ...... —1.11 —1.08; —1.13 1.8
IFourth recrystallization . ..... —1.12 —1.10; ~1.13 1.7
First resublimation ......... —1.12 —1.11; —1.13 09
Second resublimation ...... : —1.122 —1.12; —1.13 0.7



TIME of SOLUTION seo»

1.25+¢ //.PHé LI3
I.O(J: ------- T
0.75} i
', - PV=
0.50_ i E.ﬁz/ |25
@25} ;
“T050 100 150 200 2.50
of SOLVENT (m1.)

VOLUME
- Fig 1

Time of Solution and Concentra-
tion of a Given Ion—In Figure 2,
the' results. are given of the effect
of the time of solution (T) of vary-
ing the volume of solvent, . where the
solvent consists of varying concen-
trations of sodium chloride solution.
It can be seen that although in each
case, the volume at which this
plateau is reached differs markedly
with the concentration, the heights
of the plateau are constant (i.e.
—1.13). The volume at which it
i1s reached, hereinafter termed the
Plateau Volume (PV), decreases
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with decreasing concentration of
sodium chloride, approaching the
PV for water as the NaCl concen-
tration approaches zero. It is,
therefore, obvious that a sodium
chloride solution of unknown con-
centration can be quite accurately
characterized by the determination
of 1ts PV, where other salts are
absent.

This usefulness of PV extends to
other ions as well. Figure 3 gives
the endochronic curves -for 0.001
molar solutions of sodium chloride,

TIME of SOLUTION (secy
2 L3

! 10 0.00I M NaC
1257 - éfll‘%%:- ~7-0.001M Nabr
.00} | [ *\
b i l3300: MKCi
0.50} giniite
Q251 ;

050 100 150 200 300
VOLUME of SOLVENT (ml)

Fig.3
sodium bromide, and potassium
chloride. Here, the PV in each

case is equal within the limits of
experimental error—since the con-
centrations in each case are eaual—
but the Plateau Heights (PH) are
different.

A tentative conclusion that might
be reached from this experimental
data is that the PH is characteristic
of the nature of the ions present in
solution whereas the PV is charac-
teristic of the concentration of these
ions. Table II gives the values of
Plateau Feight and Plateau Vol-

128



ume for a wide variety of salts in
equal concentrations, when present
alone. |

‘The most interesting variation to
be noted in Table II is that of the
I’V with the valence type of the salt
present. In the case of salts con-
taining pairs of singly-charged ions
--1.e. sodium chloride, potassium
chloride, and sodium bromide—the
P’V is constant for all. This holds
also for those salts containing one
singly charged ion and one doubly
charged ion—i.e. sodium sulphate,
calcium chloride, and magnesium
chloride—where the PV, though
equal among the three varies mark-
edly from those of the first set. The
I’V is, therefore, apparently a func-
tion of the ionic strength of the
solution.

This cffect also exists in connec-
tion with the Plateau Height, though
less regularly. In the case of singly
charged ions, such as in the first
three salts listed in Table II, the
PH is fairly close to that of water
itself. It falls considerably where
doubly charged ions, such as sul-

phate or calcium are present. And
when the triply charged phosphate
ion or ferric ion is present, the value
sinks to merely a quarter of its
value in water.

Time of Solution and Mixtures
of Tons—Experiments currently in
progress in these laboratories age
concerned with the extremely im-
portant question of the variation of
these endochronic properties of
thiotimoline in the presence of mix-
tures of ions. The state of our
data at present does not warrant
very general conclusions, but even
our preliminary work gives hope of
the further development of the en-
dochronic methods of analysis. Thus,
in Figure 4, we have the endochronic
curve where a mixture of 0.001M
Sodium Chloride and 0.001 Ferric
Chloride solutions is the solvent.

‘Here, two sharp changes in slope

can be seen: the first at a solution
time of —0.29, and the sccond at
-—1.13, these being the PH’s charac-
teristic of Ferric Chloride and
Sodium Chloride respectively—see

TABLE 11

Solvent (Salt solutions in
0.001 M concentration)

Water - & ® 8 & " 8 4 & & & & * P e s "o sR o L

Sodium Sulphate solution
Calcium Chloride solution .........
Magnesium Chloride solution
Calcium Sulphate solution

Sodium Phosphate solution
IFerric Chloride solution
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...........

Plateaun I7oluine
(PI7) milliliters

Plateau Height
(PH) seconds

| —1.13 1.25
. —1.13 1.37
: —1.10 1.37
; —1.08 1.37
. —0.72. 1.59
: —0.96 1.58
: —0.85 1.59
' —0.61 1.72
: —0.32 1.97

—0.29 1.99
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Table II. The PH for a given salt
would thus appear not to be affected
by the presence of other salts.

This is definitely not the case,
however, for the PV, and it is to a
quantitative elucidation of the vari-
ation of P\" with impurities in the
solvent that our major ettorts are
now directed.
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Summary—Investigations of the
endochronic qualities of thiotimoline
have shown that: _

a—~Careful purification of the
material is necessary for obtaining
quantitative results.

b—Increasing the volume of sol-
vent results in increasing the nega-
tive time of solution to a constant
" value known as the Plateau Height
(PH), at a volume of solvent known
as the Plateau Volume (PV).

c—The value of the PH is char-
acteristic of the nature of the ions
present in the solvent, varying with
the ionic strength of the solution
and not varyving with the addition of
other ions.

d—The value of the PV is char-
acteristic of the concentration of

. for the

the ions present in the solvent, be-
ing constant for different ions in
solution of equal ionic strength, but,
varying markedly with the admix-
tures of second varieties of ions.
As a result of all this, 1t 1s sug-
gested that endochronic methods of-.
fer a means of rapid—2 minutes or
less—and accurate—within 0.1¢¢ at
least—analysis of inorganic, water-
soluble materials.
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THE END.
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