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Introduction 

Physico-Chemical Properties and Activity of Drugs 

To say that the pharmacological actions ot drugs could 

be interpreted solely in terms of simple physioo-chemioal 

principles, would entail the acceptance of a mechanistic 

concept of life processes, and be an underestimation of the 

complexity ot the living organism. Nevertheless, attempts 

at translating biological and related processes in terms of 

known forces at play in the behavior of inanimate systems 

have led to successes of varying degree and have yielded use-

ful generalizations. Workers in the field have sought an 

understanding of the mechanism of distribution of drugs in 

the body and their method ot disposition at the site of 

action as well as to establish what properties are necessary 

or sufficient for any particular type of activity. 

In view of the colloidal nature of the tissues involved 

and the enzymatic character of the processes therein on the 

one hand and considering the common constitutional dependence 

of the physical as well as chemical properties of substances, 

on the other, the separation of the factors, physical and 

chemical, may be more formal than real. However, the domi-

nant role of physical properties in the function of drugs 

would justify a separate approach to their study (1 • 2) 

In the following discussion, ho oomprehensive reviev·1 

of the physico~chemical approaches to the study of the pharma-
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oological action of drugs has been attempted, but what is 

sought is only to present such aspects as are of interest in 

relation to the activity or the barbiturates, and to hypnosis 

in particular. 

The multifunctional character of the barbiturates as 

seaativas, hypnotics and general anesthetics, all of them 

related, would render it logical to draw, where possible. on 

on the gains hitherto made in the field of general anesthesia, 

a field which has been studied from the physico-chemical 

angle probably more than any other pharmacological action (3). 

The:·Meyer and Overton theory of lipid solubility re-

sulted from attempts at correlating the anesthetic activity 

of certain substances with their distribution coefficient 

between olive oil (octyl alcohol has been preferred later) 

and water ( 4 • 5) • Solubility in lipids would be a measure 

of the tendency of the drugs to pass into the lipoids of the 

centers of their action and this has been shown to parallel, 

qualitatively,· the general anesthetic activity of a wide 

series of compounds and more quantitatively, amidst closely 

related members of any single group. Thus, for the barbi-

turates, the product of the anesthetic doses and the distri-

bution coefficients, determined on the acid form, lie in a 

very close range (6, 7, a). 
Meyer and Hemmi consider that narcosis is effeoted when 

a definite oonoentration of the narcotiG is reached in the 

cell lipoid - a oonoentration, more a function of the oell 



affected rather than of the substance acting; in a limited 

series which implies common functional groupings (9). 
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Lipid solubility has also been shovm. to be a determining 

factor in the penetration of substances into cells (10). 

It is probable, with equal validity or the relations 

observed, that the site of action of the drug lies beyond the 

lipoid phase. Water-soluble substances penetrate the capil-

laries of the nervous system very slowly, while the lipoid 

soluble ones penetrate more rapidly. The small, but notice-

able interval before the onset of anesthetic action of the 

intravenously administered barbiturates could be explained 

as the time required for the penetration of the drugs into 

or through the lipoid layer (11). 

Reference might be made in this connection to more re-

cent studies in the nature of the lipoid in nerve cells in 

relation to the proteins present (12) and also to a sugges-

tion that anesthetics may displace the 11poid from a state 

of solution in. proteins (13). 

An equilibrium between the affected phase in the cell 

and the external phase with which it is in contact is the 

basis of the postulate by Fergusson that the thermodynamic 

potential of the drug in the affected phase, whatever its 

nature, would be equal to its potential in any known phase 

in equilibrium at the site which lends itself to quantitative 

investigation (14). 
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The partial molar free energy given by the relation 

F = F(ij -/- RT ln a 

where F0 is the molar free energy in the standard state and 

the mole fraction activity; the pure substances are taken 

as the standard state in each case. The activity has been 

measured by Fe~gusson by evaluating the ratio of the partial 

pressure of the respective component over the solution at the 

concentration considered and the vapor pressure of the pure 

substance at the same temperature. An alternative method 

employed is a determination of the solubility of the active 

substance, the ratio betv,een the actual concentration of the 

substance and its solubility representing the activity. 

The concentrations at which different substances are 

equally effective vary considerably, although their thermo-

dynamic activities at equitoxic level lie remarkably close 

together. The success of the concept over a series of diverse 

chemical structures has lent support to this approach (15). 
The relation of active dose level to the aqueous solubility 

is evident and may be traced back to Richet's rule as early 

as 1893 (16). 

The importance of surface tension in affecting the dis-

tribution of drugs have been long realized particularly in 

the case of surfaoe active compounds (17)o Traube•s work nn 

surface tension of hypnotios shows decrease of surface ten-

sion to parallel an increase of activity (18). Surface aoti-

vi ty of-· some monoalkyl and dialkyl barbi turic acids invest!-
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gated by Giacalone confirms the law of Traube in general and 

reveals in addition, a close inverse relation between surface 

activity and solubility (19). 

The principle is quite evident that the greater a given 

compound depresses surfaoe tension, the more it tends to 

accumulate at the surface and thus facilitates absorption by 

the phase with which it is in contact. In the study of local 

anesthetic action of Nuperoaine, the enhanced activity of the 

free base over the salt has been shovm to be in conformity 

with this principle. However, the general validity has only 

been considered qualitative at best. 

Adsorption may be expected to play a significant role in 

the distribution and activity of drugs in the body (19, 20}. 

The adsorptive capacity of finely ground aotivated charcoal 

for methylene blue is decreased by narcotics and the reduction 

in the activity of enzymes by narcotics has been attributed 

to the same mechanism (21). Tabern and Schelberg•s studies 

in the adsorption of barbiturates from solution by activated 

charcoal show a qualitative relation between adsorptive 

ability and efficiency of the hypnotic action (7). 

In biological systems, there is a relatively steady 

voltage gradient of considerable magnitude betv,een any two 

points, oharaoteristic of the species, and to some extent 

of the individual, which is altered only by changes in the 

fundamental biology of the organism. The potential difference 

has been described· as the sum of the intermediate boundary 
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potentials and as an index of stored energy (22). Studies 

have been made in the electrolyte balance, in ionic transport, 

eto., in an attempt to explain suoh potentials through known 

initial differences in electrolyte concentration and ionic 

mobilities across phase boundaries, but the actual causes re-

main still obscure (23). Attention has been directed to the 

importance of ionization equilibria in the body as affecting 

the phase boundary potentials (24). 

Regarding the part that drugs may play in this respect, 

Beutner and Barnes have attributed the stronger cholinergio 

properties of aoetyloholine to the imparting of a greater 

negative potential to the lipoid surface at the site of nerve 

contact by an increasing ion concentration (24) ~- The existence 

of oharaoteristio potential curve patterns in the course of 

barbiturate hypnosis points to analogous effect of hypnotics 

on boundary potentials (23). 

The ready reversibility of the action of the majority 

of drugs, the barbiturates included, seems to indicate that 

ionic or short range molecular forces are probably involved 

in the binding of drugs to the receptor tissues rather than 

covalent combinations, since the latter are of oonsiderable 

strength and hence less reversibly made or broken. 

The ionization of drugs and the factors affecting ioniza-

tion in vivo have received attention in recent years. The --
charge on the ionic form of the drug would influence the ease 

and rate of adsorption on charged receptor surfaces. In the 
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penetration of the substance through membranes, retardation 

may be caused by ionic groups being held by unlike charges 

on the outer surface of membranes~and repelled by like 

charges (10). 

The drug-receptor combination considered as an ionic 

equilibrium would be governed by the law of mass action and 

would be influenced by the ionization of the drug itself. 

Studies through quantitatively controlled variation of the 

extent of ionization of drugs, in several examples studied, 

have shown the dependence of activity on the ionization and 

indireotly, on the hydrogen ion concentration, if acid or base 

ionization is involved. 

Vermast noticed in 1921 the tendency of weak acids to 

exhibit their maximum activity at the pH where they were least 

ionized (26). All members of a series of thirty barbiturates 

examined by Clowes, Keltch and Krahl have been found to enter 

the eggs and larvae of the sea urchin Arbacia exclusively as 

molecules and to cause depression in cell division and respira-

tion (27). On the other hand, among the members of a series 

of aoridines, greater activity corresponds to increased ioniza-

tion (28), and a plot of antibacterial concentrations of the 

acridine cations reveals a direct competit!On of these with 

hydrogen ions. 

There are intermediate oases, comprising many weak acids 

and bases, where undissociated molecules as well as their ions 

have been shown to be active in relatively different degrees (29). 
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Clowes and Keltch (30) have shovm the increased efficiency 

of neutral molecules as compared to their ions in the narcotis-

ing action of barbituric acids on the worm At-.enrcol-a •. , 

The aoidio or basic ionization constant, as the case may 

be, of the drugs and the pH of the medium determine the ratio 

of acid or base to the salt<!•~•• the ions) in the various 

tissues. At a given pH this ratio depends on the pK value and 

for a given compound the pH is the determining factor (31). 

Kindler has shmvn that the speed with which barbiturates 

produce sleep decreases with increasing acidity of the acids, 

which corresponds to an increasing proportion of their ionic 

form at the pH of blood, 7.8 (32). A tenfold decrease in 

aotiYity• in the narcotizing ability of barbiturates has been 

demonstrated by an increase of pH from 7 to 9 in the medium 

(30). Both these results lead to the same conclusion that the 

barbiturates are more active in the un-ionized form. 

Attention may be drawn to the conformity of the results 

with the theory of lipoid solubility. 
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Metabolism~ activity E1._ barbiturates 

There is here presented a brief discussion of the ab-

sorption, distribution and metabolic fate ot a croup of' 

barbiturates which were selected for experimental study. 

They are treated from the standpoint of structure, clinical 

use as hypnotics and sedatives, and variation in duration 

of action. Their rapidity of' action will be viewed in re-

lation to the extent of their ionization. 

In genera1, the barbiturates are_orally administered 

as sodium salts in an adult dose of 0.1 to 0.3 gm (33, 34). 

They are usually ingested in a resting stomach which contains 

on the average, 50 ml of gastric juice at pH 1.6 to 1.7. 

These compounds may therefore be expected to be present solely 

in the acid form and, since their ionization constants are 

in the neighborhood of 1 x 10-8, they would be practically 

un-ionized in the acid medium. Absorption ooours readily 

from the stomach and the gastro-intestinal tract. It has 

been shovm that narcosis can f ollov, in tragastric administra-

tion to euinea pigs with ligature around the pylorus (35). 

Considering that the time taken for a test feed of water only 

to pass into the intestines is about half hour (33), and as 

the barbiturates take their effect within a maximum period 

of half hour and as a minimum much less, the absorption may 

be expected to take place in the main, through the stomach 

wall, by a pro~ess of diffusion, the acids being insoluble (36). 

After absorption, barbiturates enter a wide variety of 
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cells as sho·wn by distribution studies, but undergo consider-

able localization in the central nervous system, especially 

in the thalamus which is of particular significance in the 

production of sleep (37). There are discrepancies, however, 

in the reports on the ooncentration of barbiturates in the 

cerebrospinal fluid (38). Localization has been observed to 

some extent also in the liver, kidney and the spleen (39). 

The barbiturates show variation in the onset and duration 

of action, as presented in the table belm'l ( 40). 

Class onset of Duration of Compounds under 
action, hrs. activity, hrs. study 

Long o.5 - l 10 - 12 Barbital & 
Phenobarbital 

Moderate to 
Long .5 - l 8 - 10 Probarbital 

Moderate .25 - .5 6 - 8 Junobarbi tal 
Short to 

Moderate .25 - .5 4 - 6 Pentobarbital 

Short ~.25 3 - 4 Seoobarbital 

Ultrashort .5 - 1 

Doubt has been expressed as to ·whether the differences 

between the blood levels of the drugs are appreciable in the 

hypnotic state and the recovery stage. A fall from 8.4% to 

7.6 has been noted for barbital, while for amobarbital no 

difference was noticeable (level 2.9me-per oent)(41). 

There is a general trend in the direction of tall of 

blood level required for a· given activity on passing from the 
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long acting towards the shorter acting barbiturates ( 38). 

'Ihe hypnotic activity of barbiturates is closely asso-

ciated with the interference of respiratory activity of the 

nervous system and its oxygen uptake (42). 

The detoxification of the barbiturates takes place through 

the kidney and alternatively in the body, mainly in the liver. 

All barbiturates with long duration of effect are appreciably 

excreted in the urine unchanged, barbital excretion in this 

manner being 65-90% and phenobarbital about 25%. The excre-

tion of moderately acting barbiturates in the urine is less 

than 3%, and short acting ones are observable only in traces. 

The short and ultrashort acting compounds have their duration 

of action parallel to their time of destruction in the liver 

(43). It has been shown that in case of injury to the liver 

even the short acting drugs become long acting (44), and 

renal damage causes a distinct retardation of barbital excre-

tion with little change in the course of depression due to 

destructible b~rbiturates, while animals with severe kidney 

damage do not recover from the effects of any long acting 

barbiturate (45). Rabbit liver slices have been found to de-

grade seoobarbital, amobarbital and pentobarbital but not 

probarbital, phenobarbital, and barbital under similar con-

di tions ( 46,) • Thus there is direct correlation betvreen in --
!1!2 stability of barbiturates and their duration of action. 

Conversely, duration of action could be a test of 1:.a, ,!l!2 
stability (38). 



12 

The time differences in the onset of action of the 

barbiturates can scarcely be acootmted for on the basis of 

their metabolic fates and the explanation of the onset of 

action must be traced elsewhere. The stomach vrall may be 

selective for the diffusion of different compounds but in 

this case the selectivity cannot account for the time factor, 

as i» the same variations are observed also in the intravenous 

alli~inistration of these compounds (38). 

On the basis of studies in the distribution of hypnotics 

bet,,V'een ether and aqueous sodium carbonate, Klimesch has 

observed that the barbiturates which cause immediate hypnosis 

are more extensively hydroly;zed in solution than the slow 

acting ones(46). The extent of hydrolysis of the barbiturate 

ions would parallel the concentration of the corresponding 

un-ionized acid at any given pH. Thus a direct correlation 

between the rapidity of onset of action of the barbiturates 

and the relative abundance of their free acid in plasma has 

been suggeste~. 

Busch sought to obtain the values of free acid to salt 

ratio of the barbiturates at the pH of blood by deriving an 

apparent ionization constant of the acids through the measure-

ment of the pH of solutions containing knovm amount of the 

acid and the corresponding salt (47). The results are at 

variance with those of Klimesch in that long acting barbital 

nnd. medium acting, aro.obarbital are both shovm to have the same 
acid to salt ratio in blood, ,vhile the other compounds exami1ned 
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are in order. 

A more direct determination of the acid ionization oon-

stants of several barbiturates may be helpful in evaluating 

the function of undissociated acid with regard to the time of 

onset of action of the barbiturates. 

The experimental work which follows consists in an 

extended study of many physical properties of aqueous solu-

tions of a group of barbiturates (seep. 14) and their corre-

sponding free acids. Included among the properties of the 

salts studied are electrical conductance, viscosity, density, 

refractive index, solubility, and surface tension. These 

measurements in general have been carried out at 25°0 and over 

a wide range of concentrations. For the free acids the ioniza-

tion constants have been established by methods to be described. 

This extended study provides many data now completely lacking 

and, as discussed later, may throw some light on the clinical 

behavior in this class of drugs. 



Purification of Barbiturates 14 

The substituted barbiturates employed in this study y,ere 

obtained from the f ollovling sources: the mono sodium salt of 

barbital from Merck & co. ; of phenobarbital from Abbot Labora-

tories; of probarbital from Squibb & Sons; and the sodium com-

pounds of pent?barbital, amobarbital and secobarbital from 

Eli Lilly & Co.* They are identified below by their chemical 

names and s"'cructural formulae. Their trade nan.es which are 

also in conmen use are given in parentheses. 

Barbital Sodium Sodium 5, 5 diethyl 
(Vernnal:CSodiun) barbiturate 

Phenobarbita.l.· .Sodium 5-phenyl-5-ethyl 
$odium ( Lumi- barbiturate 
nal Sodium) 

Probarbital 
Sodium ( Ipral 
Sodium) 

.Amobarbital 
Sodium (.Amytal 
Sodium) 

Pentobarbital 
Sodium (Nembutal 
Sodium) 

Secobarbital 
Sodium (Seconal 
Sodium) 

Sodium 5-ethyl-5-isopropyl 
barbiturate c2H5 co - N, _ + 

'c.,,,, ~co Na 
(CH3)2CH_,,,, "-CO-NH,.... 

Sodium 5-isorunyl-5-ethyl 
barbi tul"ate 

Sodium 5-ethyl-5-(1-methyl butyl) 
barbiturate C2H5 ,,,.co - N, - + 

'C CO Na 
C C / ' ,,, H3CH2 H2CH CO - NH 

Sodium 5-allyl-5-(1-methyl bu'i~} 
barbiturate 

*The generic naracs have been preferred in subsequent paGeS for 
the sake of brevity and ease of expression. 
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The salts were purified by the following procedure: 

Barbital Sodiwn was dissolved in the minimum amount of warm 

water and filtered to remove undissolved impurities. To this 

solution, an equal volume of absolute alcohol ,·1as added 

according to the method of Manov, Shulte and Kirk ( 48) • .After 

cooling the mixture in an ice bath, the solid that separated 

was filtered off and dried in an oven at 100° c. The yield 

amounted to 45%. The pH of a· 0.02 molal solution of the 

salt was 9.78, in agreement with the value quoted and used as 

a criterion of purity by the same authors. The electrical 

conductance of a 0.1 normal solution showed no change after 

a second precipitation process. 

The same method applied to phenobarbital sodium gave 

very low yields. The addition of ether to an alcoholic solu-

tion of the salt gave slightly better result. A third sample 

obtained by shaking the salt with ether successively to re-

move ether soluble free-acid impurities was found not to differ 

in conductance. from the previous tv,o samples. The last of 

these methods was employed for the purification in bulk of 

the other homologous salts, they being similar in their 

solubility characteristics to phenobarbital sodium. 

In each case the identity of the compound was confirmed 

by conversion to the respective acid following the procedure 

for assay described in the ll.• .§.• Pharmacop~ia and the~~ 

Nonofficial Remedies,~-

The method adopted for the preparation of the acids 



consisted in aoidifying aqueous solutions of the salts by 
a.">1,<( 
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the addition of pure hydrochlorio acid, extracting the or-.... 

ganic aoid that was deposited by redistilled chloroform 

( ether in the case of phenobarbital) • The ext:vaot was washed 

several times with water until free from any trace of chloride 

ion, filtered and the solvent removed by evaporation. The 

residue was kept for four hours at a temperature of 100° c. 
The meltihg points of the aoids are given below: 

Observed Literature {49) 

Barbital 190° C. 191° c. 
Phenobarbital 174-175° c. 174° c. 
Probarbital 202° C. 203° C. 

Pentobarbital 130° C. 130° C. 

Amobarbital 155-156° C. 156, 158° C. 

Secobarbital 78-80° c. 010, ,.a20 c. 

The absence of chloride and sulfate impurities was 

confirmed f.or both the salts and the aoids. 

The laok of stability of the aqueous solutiohs of these 

salts, barbital sodium excepted, was a reason for their 

purifioation from non-aqueous media. Decomposition, vd1ich 

gave a water insoluble deposit on standing overnight, was 

observed in the case of probarbital, pentobarbital, amobar-

bital and secobarbital sodium and was more evident when 

the solutions were concentrated • .Although there was no easy 

method of ensui:ing the absolute stability of solutions during 
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measurement, the non-variance of properties such as conduc-

tance and refractive index for the first eight hours, after 

solution,was considered sufficient for the purpose of the 

measurements, all measurements were made within this eight-

hour period. 

All these compounds are light powders and are white and 

odorless. They are hygroscopic to varying degrees and must 

be kept in tightly stoppered containers. For weighing out. 

the substances were heated in the weighing bottle itself and 

maintained at 100° C. in an incubator before cooling in a 

dessicator and v1eish,ing. 

The aqueous solutions were made up individually at each 

desired concentration, calibrated volumetric vessels, at 25° C., 

being employed for the purpose. Concentrations ranged from 

0.01 to 1.0 normal. Conductivity water, obtained from a 

'Barnstead' still and stored in closed pyrex vessels, was 

employed throughout the experiments. 

All work was carried out at 25° C. except where otherwise 

stated. For this purpose a thermostat was employed whose 
. . 

temperature fluctuation did not exceed 0.01° c. 
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Density 

A precise determination of the densities of the solutions 

of the sodium salts of the barbiturates was desired in order 

to calculate the molal concentrations of the solutes as well 

as to investigate the density - composition relations, which 

are of interest in view of the comparatively heavy organic 

anions involved. 

A pyknometric method of measurement of density was em-

ployed, a Parker and Parker type pyknometer being used for 

the purpose (50). The capillary graduations were calibrated 

for volume by the use of a mercury thread and the differences 

in levels of liquids in the two limbs taken into account by 

corrections for the corresponding volume. All fillings of 

the pyknometer were done in the thermostat and the tempera-

ture of weighing was only 3-4° lov1er, obviating any correc-

tion on that account. Correction for buoyancy was incor-

porated in the calculation of the densities by the relation 

( 51) 

d = Vl1 - W 
w,,.; - w 

<\v + <r (l - W1 -W) 
Ww -w) 

W = mass of pyknometer 
Ww: mass of pyknometer filled with water 
Vl1 : mass of pyknometer vri th the solution 
c\~ = density of water in gm. per ml. at 25° C 
er: density of air 

Stationary conditions of the pyknometer surface ·were assured 

by wiping the surface initially vlith damp cloth followed with 
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a dry linen and letting the pylmometer stand 1'or a half hour 

in the balance case before weieh,ing. 

The densities of the solutions have been tabulated in 

Table I and plotted against concentration in molality (52). 

The variation of density may be expressed as a function 

of molality of the solute by the general expression, 

Dm : D0 -I- am + bm2 -/- cm3 

Dm.: Density at molality mat 25° 
D0 • Density of water 
a, b, c, = Constants 
The constants have been evaluated by setting up equations 

in the three unknowns for each electrolyte and solving them 

by the use of determinants. The values of the coefficients 

are given in Table II. 

The relations express the concentration dependence of 

density with a deviation no greater than 1/10000. The change 

is continuous and follov1s a closely similar pattern for all 

the salts. 
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TABLE I 

Conoen- Density in gms. per ml. at 25°0 of aqueous solutions 
tration of sodium salts: 
Moles/ Barbital Pheno- Pro- (W.O- Pento- Saco-
liter barbital barbital barbital barbital barbital 

o.o5 1~00119 1~00138 1~00121 1.00035 1~00070 1~00068 

0.10 1~00466 1~00559 1000465 1~00394 1~00426 1~00442 

0.20 1.01217 1~01398 1~01218 1~01068 1~01130 1.01181 

0.40 1~0~672 1~03057 1.02705 1~02415 1.02527 1~02627 

a.so 1.04127 1~04714 1.04157 1~03747 1~03898 1~04030 

a.so 1.05540 1.06361 1.05614 1.05006 1.05205 1.05384 

Concentrations: 

Molar Molal 

0.05 .05046 .05057 .05050 .05060 .05059 .05062 

0.10 .10162 .10202 .10177 .10213 .10210 .10221 

0.20 .2060 .2076 02066 .2081 .2080 .2084 

0.40 .4236 .4306 .4260 .4325 .4320 .4338 

0.60 .6539 .6707 .6598 .6753 .6741 .6786 . 

0.00 .89?8 .9300 .9090 .9397 .9374 .9460 



TABLE II 

Density as a function of Molality (Temperature 25° C) 

Dm : D0 -/- am -I- bm2 -/- cm3 

D0 : 0.99707 

a b 0 

Sodium Barbital 0.076408 -0.01708 0.00503 

Sodium Phenobarbital 0.085643 -0.021505 0.00754 

Sodium Probarbital 0.075993 -0.01413 0.00222 

Sodium Amobarbital 0.068937 -0.01664 0.00503 

Sodium Pentobarbital 0.072235 -0.01865 0.00535 

Sodium Seoobarbital 0.07332 -0.01380 -0.00012 



Legend for facing graph 

A. --- --- Amobarbital Sodium 

8. -------- Barbital Sodium 

C. -------------- Pentobarbital Sodium 

D. ------ Phenobarbital Sodium 

E. ------- Probarbital Sodium 

F --- --- Secobarbital Sodium 
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Apparent l'.iolar Volumes 

Masson (52) has proposed the following relation for the 

apparent molar volume ¢ (V2), defined as V - V0 where V0 and 

V are the volumes of the solvent and of the solution containing 

l mole of the electrolyte. 
¢ (V2) : 

¢ 0 (v2 ) is a constant as also is and .£ is the concentra-

tion of the solute in moles per liter. 

A theoretical treatment of the partial molar volumes of 
. -~ " electrolytes in solution by means of the Debye-Huckel concept 

has been carried out by Redlich and Rosenfeld (53) and has 

been extended to the more readily determinable apparent molar 

volumes (54) whioh talces the form given by Masson. 

From the experimental density data of the solutions given 

in Table I, the apparent molar volumes of the solutes at 

various concentrations have been calculated and expressed in . . 

terms of ml. per mole in Table III. T'ne values plotted against 

the square root of the respective molar concentration in 

Figure 2 show, in eeneral, a linear rise in the ranGe 0.1 to 

0.5 molar, giving rise to a gradual flat at higher concentra-

tion for barbital, probarbital and phenobarbital sodium while 

a steep rise is indicated for pentobarbital, amobarbital and 

secobarbital sodium. A possible significance of this rise will 

be considered in a subsequent section. 

~he values at hiGh dilution are susceptible:, even to the 

extent of several-fold, t~ small errors in the volume make-up 
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TABLE III 

Solute Apparent molar volumes in ml. per mole at the 
concentration in moles per liter 

0.1 0.2 0.4 o.6 o.s 
Barbital Sodium 130.08 131.03 132.41 132.89 132.93 

... .. •·· 144.48 145.08 145.68 146.48 146.68 Prol.:mrbitP.l ·Na 

Phenobarbital Na 169.60 170.15 170.98 171.21 171.54 

Pentobarbital Na 176.92 177.62 178.28 178.84 180.04 

Amobarbital Na 180.13 180.73 181.09 181.47 182.27 

Secobarbital Na 186.55 187.10 187.83 188.78 189.87 
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of the solutions and in their densities; concentrations less 

than 0.1 molar have therefore been left out as beyond the 

range of precision of the values here reported. 
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Refractive Index 

The refractive indices of the solutions of the barbiturates 

at different concentrations have been measured by the use of 

an Abbe refractometer whose prisms vrare maintained at 25° C 

by circulating water from the thermostat. Readings were taken 

with white illumination but with the usual compensation (i.e., 

to the D line). 

The usual precautions in the maintenance of clean prism 

surfaces were observed and sufficient time allowed f'or the 

establishment of thermal equilibrium before each reading. 

The observed values have been given in Table IV. 

Concentration .fil!.s!. refractive index: 

'Ib.e index of refraction has often been employed as a 

measure of the concentration of solutions by interpolation 

from empirical calibration curves. The nature of the curves 

would depend on the manner in which concentrations are ex-

pressed; in general, molarity may be ex:peoted to give rise 

to the hearest linear relationship (55). In the case of bar-

bital, probarbital and phenobarbital sodium, the plot of the 

refractive indices of the barbiturates in solution against 

their molarity in Figure 3, shov1s very close linearity, up . . 

to the highest concentration investigated (o.s molar) • .Amo-

barbital, pentobarbital and seoobarbital sodium are ?bserved_ 

to deviate from linearity at concentrations beyond 0.5 molar. 

The plots have been used as calibratio~ curves for the 

solubility and adsorption studies to follow. 
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TABLE IV 

Concen- Refractive indices of Sodium salts in aqueous solution 
tration at 25° c. 
moles/ Barbital Pheno- Pro- Amo- Pento- Seco-
liter barbital barbital barbital barbital barbital 

o.oo 1.,3325 1.3325 1.3325 1.3325 103325 103325 

o.o5 1.3344 1.3351 1.3345 1.334? 1.3350 1.3349 

0.10 1.3364 1.3377 1.3367 1.33?0 1.3372 1.337? 

0.20 1.3400 1.3429 1.3409 1.341? 1.3419 1.3428 

0.40 1.3478 1.3536 1.3488 1.3507 1.3510 1.3533 

0.60 1.3548 1.3642 1.3569 1.3596 1.3602 1.3628 



Legend for facing graph 

A. --- --- Amobarbital Sodium 

8. -------- Barbital Sodium 

C. -------------- Pentobarbital Sodium 

D. ------ Phenobarbital Sodium 

E. ------- Probarbital Sodium 

F --- --- Secobarbital Sodium 
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Apparent molar refraction 

The quantity, apparent molar refraction, has been defined 

as 

Rapp.: R - X0W0 

·where R is the total refraction of a solution containing one 

mole of solute and X0W0 is the refraction which the amount 

W gms. of the solvent present in the solution would have in 

the pure state. 

Substitution of Lorentz and Lorenz expression for R gives 

R _ n2-1 • Mi+Wa _ nn~-1 • !o, 
app• - n"'+i:! d ii ~+I d-~ 0 0 

where n and n0 refer to the specific refractive index of' the 

solution and the solvent respectivelyt d ~d d0 their densities 

and M1 the molecular ,·might of the solute. 

In terms of molality m, the expression becomes 

R _ n2-l •. l • 1000 + mM, 
app • - ii'2+2 d m 

The work of Kohner (56), Gef'fcken (57) and Kruis (58) 

in aqueous solution has shown the small linear variation of 

the apparent molar refraction ,:,•ii th concentration. Extrapo-

lation to zero concentration yields a value for the molecular 

refraction of the solute ·which may differ from its true value 

only to the extent of any refractometric effect arising from 

the change of state of the substance; and this effect has 

been shovm to ~e very small ( 55). 
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The direct determination of the refractive index of the 

solid barbiturates being difficult, an evaluation of Rapp. by 

the above method would allovr an estimation of the molecular 

refraction of these substances. The values of Rapp. have 

accordingly been obtained (Table V) and plotted acainst molar 

concentration in Figure 4. 

The molar refraction values of the barbiturates obtained 

by extrapolation of the plot to zero concentration have been 

given below and are compared with the values oo.lculated on the 

basis of refractive additivity. In these calculations, the 

eeyerimental value of bartbital sodium (from Rapp.) is taken 
as the standard, to which the further contributions by the 

additional atoms or structures present in the other sub-

stances have been added, with due allowances for double bonds 

and conjugation* where present (59). 

Barbital Sodium 

Probarbital Sodium 

Pentobarbital Sodium 

Amobarbital Sodium 

Phenobarbital Sodium 

Secobarbital Sodium 

From Rapp. 

49.9 

54.5 . 
63.6 . 
63.4 . 
64.9 

68.7 

Calculated 

•• 
54.5 

63.7 

64.8 

68.0 

It is observed that the law of additivity or refraction 

*Conjugation and ring structure contributions nearly cancel 
each other in the case of benzene. 
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TABLE V 

Solute Apparent molar refraction at the concentrations . . . . 
:{molar l 0.1 Oo2 0.4 0.6 o.s 

Barbital 
Sodium 49.74 49.21 48.80 48.15 48.40 

Probarbital 
Sodium 54.33 53.82 53.28 52.87 52.82 

Phenobarbital 
Sodium 65.0l 64.52 64.75 64.66 64.73 

Amobarbital 
Sodium 63.10 63.37 62.82 62.57 62.22 

Pentobarbital 
Sodium 63.73 63.24 62.66 62.69 62.51 

Secobarbi tal 
Sodium 68.66 6'7.74 67.94 66.98 66.45 



Legend for facing graph 

A. --- --,-- Amobarbital Sodium 

8. -------- Barbital Sodium 

C. -------------- Pentobarbital Sodium 

D. ------ Phenobarbital Sodium 

E. ------- Probarbital Sodium 

F --- --- Secobarbital Sodium 
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holds here within limits of experimental error. 

The variation of apparent molar refraction of the solute 

with increase of concentration of the solution represents de-

partures from exact composition additivity in the aqueous 

mixture~. 
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Solubility 

To determine the solubility of the salts, each, in 

estimated excess, was mixed with water in a solubility flask 

and kept stirred for 24 hours in the thermostnt. The mixture 

was filtered through a sintered filter under suction and the 

filtrate analyzed for the solute by measurement of its refra-

ctive index as well as by•a process of titration against 

standard acid (60). Since the barbituric acids have their 
-8 ionization constants in the neighborhood of 1 x 10 , their 

salts are extensively hydrolyzed in solution which permits 

estimation by titration with hydrochloric acid. In each case 

a control was run against a standard solution of the respect-

ive salt and the actual amount of solute in the saturated 

solution determined by reference to this standard. The satu-

ra.ted solutions were diluted several-fold in standard volu-

metric vessels and their strengths brought close to the con-

centration of the standard solution each time. 

For the refractive index method, the composition - refra-

ctive index plots of Figure 3 were used as calibration curves 

( by extrapolation where necessary). 

Both methods gave closely consistent values for barbital, 

probarbital and phenobarbital sodium. The solutions of amo-

barbi tal, pentobarbi tal and seco,b a.rbital sodium had a consi-

derably high viscosity making filtration slow and the filtra-

tes gave analyses which varied with the relative amounts of 

water and the salts used in the mixture. 
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The results (at 25° c.) for barbital, probarbital 

and phenobarbital si::,dium;:are,given below. 

By titrRtion By refractive index 

Barbital sodium o.884 o.883 moles/liter of 
saturated solu-
t1on 

Probarbital sodium 1.22 1.20 II 

Phenobarbital 
sodium 2.22 2.17 II 
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Surface Tension 

In order to investigate the direction and extent of 

variation of the surface tension of the barbiturate solu-

tions vii th change of concentration, measurements -rmre made 

with the use of a torsion balance after Lecomte du Nouy (61). 

The temperature of measurement was 22 !: 1 ° c. Special pre-

cautions ,-rere taken to ensure the cleanliness of the vessels 

and the platinum loop employed. Measurements were always 

made 10 minutes after the preparation of the solutions to 

obviate an observable time effect on the surface tension 

value. 
The values of surface tension of the solutions tabulated 

{Table VI) and plotted against concentration (Figure 5) show 

a marked depression and indicating positive adsorption of the 

solute on the surface, which is particularly high for runo-

barbital, pentobarbital and secobarbital sodium even at low 

concentrations. These, in addition, show a notable minimum 

in their surfac·e tension plots at concentrations 0.4 to . . 
0.6 molar. 
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TABLE VI 

Surface Tension 

Concen- Pheno- Pro- .Amo- Pento- Seco-
tration Barbital barbital barbital barbital barbi ta.l barbital 
eg_/lit. Surface tension in dyn0s per cm. at 22° c. 

OoO5 69o5 69.O 67.5 62.4 61.2 56o5 

0.1 66.7 65.9 64.2 55.? 53.3 :.';47.1 

0.2 62.6 62.2 6O.l 51.0 49.4 43.9 

0.4 61.8 55.7 57.4 47.1 43.6 42.l 

o.6 60.4 49.7 54.1 43o9 42.l 43.6 

o.a 59.3 47.4 50.2 45.5 42.4 44o9 



Legend for facing graph 

A. --- --- Amobarbital Sodium 

8. -------- Barbital Sodium 

C. -------------- Pen to barbital Sodium 

D. -- -- - - Phenobarbital Sodium 
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F --- --- Secobarbital Sodium 
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Adsorption 

Adsorption of the barbiturates from dilute aqueous 

solution on charcoal was studied using activated vegetable car-

bon 'Nuchar', grade C-190-N, as the adsorbant. The carbon 

was heated to 110° C for one hour and cooled in a dessicator. 

50 cc. of 0.1 molar solutions of the barbiturates were added 

to 2 gms. of the activated charcoal in a stoppered vessel and 

placed in the thermostat for two hours with occasional stirring. 

Equilibrium was found to be rapidly established. The contents 

were rapidly filtered through a cotton plug and the filtrate 

analysed by both the refractive index and titration procedures 

described under solubility studies. 

Control analyses were run v1ith the solutions prior to ad-

sorption and the percentage of adsorption referred to these 

solutions. 

Method: 

Barbital Sodium 

Probarbital Sodium 

Phenobarbital Sodium 

Pentobarbital Sodium ""' .· 

Amobarbital Sodium 

Secobarbital Sodium 

%·or solute adsorbed from 
0.l molar solutions 

Titration Refractive index . . 
18.8 18.9 . 
22.2 21.5 . . 
25.6 25ol . 
26.5 27.4 

26.4 26.7 

28.5 28.9 
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Viscosity 

An Ostv1ald type capillary viscometer was employed for 

the measurement of the viscosities of the barbiturate solutions. 

The time of flov,r of the liquid through the capillary caused by 

a constant initial head of the liquid was registered by a stop . . 
watch reading to 0.2 sec. Due attention was paid to the cleanli-

ness and the vertical allignment of the cap~llary. The instru-

ment was calibrated with ·water and the viscosity of the solu-

tions deduced from their respective times of flow for the same 

volumes of the liquids by the relation 
::Ot 

"t'J = 1w ])..,t.., 

where 'Y] is the absolute viscosity, Q the density and ! the time 

of flow of the liquid while these with the subscript!! refer to 

the corresponding terms for water at the temperature of measure-

ment, viz. 25° C 

'>] \V for water is obtained from literature ( 62). 

<VJ', the reiative viscosity is defined as ~f~w• The ab-

solute and the relative viscosities or the barbiturates in 

solution at different concentrations have been listed in 

Table VII. 
Extensive studies have been made on the viscosity of 

electrolytes in solution (63). One of the earliest but not 

too favored relations is that of Arrhenius 

'>J' : Ac 

where !J: is a constant and.£ is the concentration. 
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TABLE VII 

Viscosity 

Pheno- Pro- .Amo- Panto- Seoo-
Barbital barbital barbital barbital barbital· barbital 

Viscositt in milli~oises at 25° c. ('fl':lter:8. 949 _) 

9.217 9.289 9.244 9.423 9.405 9.441 . 
*(l.030) (l.038) (1.033) (1.053) (1.051) (1.055) 

9.549 90647 9.593 9.727 90692 9.781 

(1.067) (1.078) ( 1.072) (1.087) (1.083) (l.093) 

10.02 10.41 10.26 10.61 10.60 10.65 

(1.120) (1.163) (1.146) (l.186) (1.184) (l.190) 

11.43 12.11 11.91 12.73 12.72 12.77 . 
(1.277) (1.353) (1.33.1) (1.423) (l.421) (1.427) 

13.23 14.32 13.84 15.48 15.46 15.66 

(1.478) (l.600) (1.547) (1.730) (l.728) (1.750) 

15.33 17.18 16.79 19.45 19.37 19.72 

(1.713) (l.920) {l.876) (2.173) (2.165) (2.204) 

* The numbers in parenthesis represent the relative 
viscosity. 
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Plot of log 'VJ' acainst concentration of the barbiturat~s has 

been found to yield rather close linearity in Figure 7. Tnis 

result may be conpared with the variation of the relative vis-

cosity with concentration in Figure 6, where there is a very 

rapid rise in viscosity with increase of concentration. 
Onsager and Fuess have deduced theoretically the rela-

.... 

tion (64) 

,.,,. : 1 -/- Ac½ -/- Bo -I- De log c 

for dilute solutions of electrolytes. Attempts to test this 

relation as also the simpler one 
.J.. ·17' : l + Ac2 -,I- Be 

showed no validity of these relations for the solutions of bar-

biturates. The closest fit was obtained by the use of the 

equation 

"1' : 1 -1- Ao½ -I- Bo -/- nc2 

in the case of barbital, phenobarbital and probarbital sodium • 

.Amobarbi tal, pentobarbi tal and secobarbi tal sodium ,·,ere found 

to agree more closely with the e.quation 

"1' = 1 ../- Ac -/- Bo2 -/- nc3 

involving a cubic term. 

The coefficients in the terms of these equations have 

been evaluated by the use of determinants and are given on 

page .46. 
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Relative Viscosity as 

a Function of Molar Concentration 

'1J 1 = 1 -/.. AC½ -/- BC -/- nc2 

A B C 

Barbital Sodium 0.1167 0.2319 o.6899 

Probarbital Sodium 0.01636 o.e240 0.4445 

Phenobarbital Sodium 0.06434 0.50865 0.6808 

'1/ = 1 -/.. AC-/- BC2 -/- nc3 

A . B ·c 
Pentobarbital Sodium o.7711 o.5504 003817 

Amobarbital Sodium 0.9959 o.03415 o.56696 

Secobarbital Sodium 0.9052 0.06157 0.86012 



Legend for facing graph 

A. --- --- Amobarbital Sodium 

8. -------- Barbital Sodium 

C. -------------- Pentobarbital Sodium 

D. ------ Phenobarbital Sodium 

E. ------- Probarbital Sodium 

F --- --- Secobarbital Sodium 
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Conductivity Measurements 

The electrical conductivity of solutions or the bar-

biturates were measured by the Kohlrausoh method. The source 

of alternating current was a 1000 cycle audio-oscillator. The 

slide wire set-up was of Leeds and Northrup make, w·ound over a 

balcelite cylinder with a contactor mounted on the inner surface 

of a hood, also of balcelite. A standard non-inductively wound 

resistance box, calibrated by the National Bureau of Standard~, 

formed one arm of the Wheatstone bridge arrangement. A variable 

condenser connected parallel to the resistance served to mini-

mize capacitance effects. Henry type cells with platinized 

electrodes were employed to measure the conductivity of the 

solutions. A pair of ear phones were used as the detector 

to determine the balance point indicated by a sharp minimum of 

sound. 

The cell constants were determined by the use of Bakers 

OP Analyzed potassium. chloride heated for one hour to about 

400° C and cooled in a dessioator. The solutions of potassium 

chloride were made up by weight to conform to the Parker's 

standards (65) and their specific conductivities at the tempera-

ture coefficients given by Parker and Parker (66). 

The conductivity ·water used in preparing all the solutions 

had the following mean specific conductances at the tempera-

tures indicated. 
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25° C 1.22 10-6 Mhos. em. 2 

30° C 1.33 10-6 It " 
42.7° C 1.89 10-6 " " 

The solutions for the measurement of conductivity were 

made up by volume to lmmn1 molar concentration at 25° c. 
'Iheir concentrations at higher temperatures have been obtained 

by the relation, C x dt/d25, where .Q. is the molar concentra-

tion at 25° c.; dt and d25 , their densities at ! and 25° c. 
respectively. Since the solutions vrhose conductances were 

measured at the higher temperatures vrere dilute, the ratio 

dt/ d25 was talrnn to be. approximately equal to that of water 

for these calculations. 

The conductivity data for solutions or the sodium salts 

at various concentrations are given in Tables IX and IXa. 

The studies at 25° C. covered the concentration range 0.005 . . 

to o.a molar. Those at 30° C. and 42. 7° c. \·1ere used only to 

estimate the equivalent conductivity at infinite dilution of 

the salts at these temperatures and \iere therefore confined 

to a few values in the region or lov1 concentration, it being 

assUiil.ed that their variation with concentration at higher con-

centrations would follow a pattern similar to that at 25° c. 
Plots of the equivalent conductance values against the 

square root of normality of the solutions yielded curves 

with nearly steady slopes at higher concentrations and •with 

increasing steepness at hieh dilution. Extrapolation of the 

latter portion to zero concentration gave the limiting equi-
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Valent conductances of the salts tabulated on page 60. 

Subtraction of the equivalent conductance of sodium ion 

at each temperature gave the limiting conductances of the 

anions which are included in the same table. The values of 

the equivalent conductance of sodium ion at each temperature 

employed were obtained directly or were calculated with the 

aid of the references indicated and are shovm belm•,r. 
r/.vi;;. 

Limiting equivalent c~n~tanoe of sodium ion at 

25° C. 50.1 m.ho cm2 (67) 

30° c. 56.2 

42.7° C. 71.5 

In order to obtain the limiting equivalent conductance 

of the hydrogen barbiturates the hydrogen ion conductances 

were added to the anionic conductance at the respective tem-

perature. The hydrogen ion conductances were calculated for 

the higher temperatures by the use of_the temperature coeffi-

cients given by Owen and Sweeton (68). 

Limiting equivalent co~ductan~a o~ hydrogen ion at 

25° C. 349.B mhos. cm. 2 

431.4 
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TABLE IX Conductance 

Conoen- Pheno- Pro- Amo- Penta- Seco-
tration Barbital barbital barbital barbital bar8ital barbital 
eq/lit. Specific and equivalent conductances at 25 C. 

o.s o.029ss 0.02542 0.02847 0.02541 0.02552 0.,02573 
37.4 31.8 35;5 31.8 31.9 32.2-

006 0.02532 0.02219 0.02421 0.02240 0.02197 0002226 
42.2 37.0 40.4 37.3 36.6 37.1 

Oo4 0.01917 0.01702 o.01se4 0~01737 0.01723 Oe01744 
4709 42.6 4606 43.4 43.1 43.6 

0.2 0.01103 0.009972 0.01092 0.01018 0.01002 0.01023 
55.2 49.9 54e6 50.9 50.1 51.2 

0.1 0.006016 0.005551 o.005989 0.005684 0.05582 0.005719; 
60.2 55.5 59.9 5608 5508 57.2 

0.05 0.003233 0.002930 0.003142 o.003010 0.002962 0.003012 
64.7 58.6 6208 60.2 59.2 60.2 

0.02 0.001368 0.001237 0.001356 o.001269 0.001259 0.001290 
68.4 61.9 67.8 63.5 63.0 64.5 

0.01 0.0007033 0.0006314 0.0006942 0.0006558 0.0006466 0.0006601 
70.3 63.l 69.4 65.6 64.7 66.0 

0.005 o.0003595 0.0003253 0.0003527 0.0003317 o.0003338 0.0003338 
71.9 65.1 70.5 66.3 66.8 66.8 
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T.ABLE IXa 

Equivalent conductance of aqueous sodium barbiturate solutions 

at 30° C. 

Molarity Molarity r.rolarity 
Barbital Sodium 0.0499 74.70 0.00499 81.73 

Probarbital Na 0.01997 78.27 0.00499 80.84 . 
Phenobarbital Na 0.01997 70.25 0.00499 73.14 . . 

Amobarbital Na 0.02497 69.14 0.00499 73.27 

Pentobarbital Na 0.0499 69.38 0.01997 72.78 . . 
Secobarbital Na 0.0499 68.21 0.01997 71.02 0.00499 74.66 

Equiva~ent cond~ctance_£!! 42.7° .g. 
Barbital Sodium 0.0497 92.32 0.01988 98.75 0.00497 106.15 

Probarbital Na. 0.0497 91.16 0.01988 97.86 0.00497 105.8 . 
Phenobarbital Na 0.0497 84.56 o.019as 90.02 0.00497 96.63 

Amobarbital Na 0.02485 86.79 0.00497 97.76 

Pentobarbital Na 0.0497 84.25 0.01988 92.80 0.00497 98.71 . 
Secobarbital Na 0.0497 85.66 0.01988 92.17 0.00497 99.33 
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Barbital 

Pro barbital 

Phenobarbital 

Amobarbital 

Pentobarbital 

Secobarbital 

TABLE X 

Limitins ~uivalent conductances 

Ao of sodium salt A- Anionic conductance Ao of the acid 
25° c. *306 C. ~42. 7° C. 2!:? C. 3<5"c. 42@ 'f/0 0. 25" 0. 30°0. 42.7°0. 

75.5 85.3 113.1 25.4 29.l 41.6 375.2 403.0 473.0 

74.0 84.5 112.2 23.9 28.3 40;._7 373.7 402.2 472.l 

68.2 76.8 102.5 . 18.l 20.6 31.0 367.9 394.5 46204 

69.3 77.2 106.0 19.2 21.0 34.5 369.0 394.9 465.9 

70.4 79.8 107.0 20.3 23.6 35.5 370.1 397.5 466.9 

70.2 78.5 106.2 20.1 22.3 34.7 36909 396.2 466.1 

* The values at 30° and 42.7° C. are precise to t0.3 units 
CJ'\ 
f.J 
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Diffusion 

'J,'he law of diffusion of electrolytes and the relation 

between the diffusion coefficient and ionic mobilities due 

to Nernst (69) have received considerable attention in recent 

times (70) experimentally as well as theoretically. Reference 

may be made in this connection to the works of Onsager and 

Fuess (71) and later workers in this field (72). 

The diffusion coefficient for an infinitely dilute 

aqueous solution of a 1:1 electrolyte is given by 

D - 17.863 10-10• T. A"" A-
- i\-+ + A.-

By the use of this equation, the diffusion coefficients 

of the sodium salts of the barbiturates at infinite dilution 

have been calculated and listed in Table XI. 

TABLE XI 

Diffusion coefficients in cm2 per sec. 

x106 

25° C. 30° c. 42.7° c. 
Barbital Sodium 0.90 1.04 1~48 

Probarbital Sodium 0.86 1.02 1.46 

Phenobarbital Sodium 0~68 o.s1 1.22 

Amobarbital Sodium 0.74 0.83 1.31 

Pentobarbital Sodium o.77 0.90 1.34 

Secobarbital Sodium o.76 0.86 1.32 
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Ionization constants of the hydrogen barbiturates 

According to Arrhenius dissociation theory the degree of 

ionization of a weak electrolyte is g~ven by the conductance 

ratio A/A0 , if the mobilities of the ions are assumed not to 

change with concentration. 

The hydrogen barbiturates under study were prepared as 

described on page i6• Their low solubilities in water, which 

are in the range o.5 to 2 grams per liter ( 7) except for 

barbital, restricted the measurements to very dilute solutions, 

all solutions being well below saturation. As the substances 

dissolved in water slowly, dissolution was effected at a tem-

perature of so-100° c., and the solution cooled before making 

it up to the desired volume in eaoh case. 

The specific conductances of the hydrogen barbiturates 

were measured at knovm concentrations. Subtraction of the 

specific conductance of water, which was of comparable magni-

tude and therefore necessitated constant check, eave the 

specific conductance of the solute. 

The degree of ionization at the specified concentrations 

were calculated by the use_ of '/\ 0 values of the hydrogen bar-

biturates given on page 61. 

The ionization equilibrium of' the acids HB, where B 

represents the barbiturate radical, has accordinG to the law 

of mass action 

c2:x:2 = Ka, the ionization constant 
c(l-x) 
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where c is the concentration and x the degree of ionization. - -
The activity coefficients have not been considered. 

The ionization constants of the hydrogen barbiturates, 

so derived, have been tabulated on page 65, as also their 

pKa: ( -log10 Ka) values. 
The free energy of ionization for the process 

J. -HB(aq.): H· + B 
is given by the relation AFo : -RT ln Ka : 2.3026 RT PKa (73). 

The values for the free energy of ionization of the hydrogen 

barbiturates have been recorded in the same table .. 



TABLE XII 

Ionization of Hydrogen Barbiturates 

Temperature 25° C 

eq/lit. sp.cond. aq.cond. X Ka pKa ~F0 in 
X 108 Kilooali. 

Barbital 0.0100 0.00000381 o.381 0.001015 1.03 7.99 10.89 . 

Probarbital 0.0040 0.00000223 o.558 0.001494 0.89 8.05 10.98 . . 

Phenobarbital 000030 0.00000312 1.04 o.002s3 2.66 7.58 10.33 . . 

Amobarbi tal '._;. - 0~0016 0.00000123 0.769 0.0020a 0.70 8.16 11.13 

Pentobarbital 0.0040 0.00000202 o.505 0.00135 o.74 a.13 11.oa . 

Seoobarbital 0.0020 0.00000117 0.585 0.0015a o.5o 8.30 11.32 

Temperature 30° c 

Barbital 0.00998 0.0000040a 0.409 0.00101.4 1.03 7.99 1.1..07 

Probarbital 0.00399 0.00000243 o.sog 0.001514 0.91 s.04 11.14 

Phenobarbital 0.00299 0.00000350 1.17 0.00295 2.63 7.58 10.51 

Amobarbital o.001597 o.0000013e 0.864 0.00219 o.76 a.12 ll.25 
0\ 

Secobarbital. 0.001597 0.00000126 o.789 0.00199 0.63 a.20 11.37 U1 
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Discussion 

Structural features affeotin~ ph,ysical state -2 hypnotic 
activity 2!, burbiturates. 

The compounds which have been the subject of this study• 

belong to a closely related class characterized by an identical 

trioxypyrimidine portion, polar in character, at one end of 

the molecule, while at the other positions are differing 

substituents in the 5,5 position. It may be noticed (page 14) 
that barbital and probarbital differ only by a -CH2 group in 

the substituents and pentobarbital and a.mobarbital are iso-

meric with difference in the position of branching in the sub-

stituent chain. Phenobarbital has an aromatic substituent 

while the other members of the series contain only aliphatic 

chain substituents. Secobarbital contains an ethylenic bond 

in its chain. It has been observed that a minimum of four 

carbon atoms is necessary among the substituents in the 5,5 

position for the members of this class to eYJ1ibit hypnotic 

activity, the activity increasing up to eight carbon atoms. 

A further increase in the number of carbon atome (beyond eight) 

produces a decrease in activity (74). Introduction of polar 

groups such as hydroxyl, amino or carbonyl, in the substituents 

generally deprive the barbiturates of their hypnotic activity. 

The presence of a lipotropio portion ,.,i thin certain size limits 

and a hydrotropic portion constituted by the pyrimidine ring 

thus seem to be common features of the members of this series . . 

which possess hypnotic activity. 
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With no suggestion of any direct relation, it may be 

stated that the same "amphipathic" nature (75) viz. a non-

polar hydrocarbon portion and a comparatively small polar 

group, distinguishes the class of compounds called colloidal 

electrolytes. It has been observed that among the salts of 

fatty acids, at least seven carbon atoms are necessary in the 

hydrocarbon chain for colloidal properties to be exhibited . ' 

in solution (76). SUch solutions are stable and fulfill all 

the strict thermodynamic requirements as do solutions of 

ordinary electrolytes. They are, however, especially at 

higher concentrations, heterogeneous in character, from the 

point of view of the phase rule (77). structurally some of 

the sodium barbiturates studied here come close to satisfying 

the conditions above stated with the exception of the chain 

length. In such cases it may be open to ·question, to what 

extent the configuration of the pyrimidine moiety malces addi-

tional contribution, if any, to the paraffinic character of' 

the substituents in the 5,5 position. 

Hydrolysis _2!, sodium barbiturates in solution 

The sodium salts of barbiturates are hydrolyzed in aqueous 

solution, the barbiturmc acids being wealrly acidic. The pH 

of the solutions lie in the vicinity of 8-9. The possibility 

of the acids formed by hydrolysis saturatin~ the solution and 

causing their own deposition has been considered but it has 

been calculated that the free acids produced would be con-

siderably belO'W the concentration required for saturation. 
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Physical properties .!a solution 

Only the more salient features arising out of the study 

of some of the physical properties of sodium barbiturates 

in solution will be revielved here. 

The low density of a4ueous solutions of sodium barbitur-

ates even at hich concentration is evident. This low-•densi ty 

corresponds to a high molar volume in comparison with salts 

like sodium halides in solution. A regular increase in apparent 

molar volume of the substances at any given concentration is 

noted i'lith increase in the number of carbon atoms and this 

conforms to our knov,ledge of molecular volume as an additive 

property. 

Departures are noted in the forms of apparent molar 
":f1'T1>">1 

volume vs. composition curves and the general forms possessed 

by ordinary electrolytes, marked rises of apparent molar 

volumes at concentrations occurin~ at concentrations close to 

0.5 normal in the case of amobarbital, pentobarbital and seco-

barbital sodium. In this respect their behavior is sirn.ilar to 

that of potassium n-octoate, one of the short chain soaps 

studied by Davies and Bury who have recorded a quite marlced . 
increase in partial mo~al volume of this substance over the 

concentration reeion o.5 normal v1hich has been attributed to 

aggregation of the molecules ( 78). .Alexander and Johnson have 

advanced a suggestion in this comiection that the lack of 

afi'ini ty between hydrocarbon chain and water leads to a curlinc; 
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up of the molecules to reduce the hydrocarbon/ water inter-

face to a mini:nnll1l, subjecting them to great compressive force. 

On ageregation, the surface energy is lessened and the pres-

sure is released causing an increase in partial molal volume 

( 79). 

It has been pointed out in the experimental section that 

amobarbital, pentobarbital and secobarbital sodium tend to 

deviate from linearity of refractive index vs. molarity plots 

at medium concentrations. This deviation need not necessarily 

imply any change of state of the solute nor may the latter 

influence the apparent molar refraction ·1;0 any appreciable . . 

extent ( see P• 32 ) • 
McBain and collaborators describe three types of sur-

face tension vs. concentration curves in v1ater solution (80). 

'l\10 of these typify the concentration dependenne of surface 

tension of sodium barbiturates. One of these types of be-

havior indicates general positive adsorption of the solute in 

ac;reenent with Gibbs adsorption isotherm i.•1herein surface tension 

is lov,erad eradually by increasing concentration of the solutQ. 

Barbital, probarbi tal and phenobarbital apparently folloi:v this 

pattern. The other type, exemplified by the data of this 

study in amobarbital, pentobarbital and secobarbital ~odium, 

belong to the pattern of soap and deter~ent solutions. These 

substances are characterized by a great lm·terinB of surface 

tension in dilute solution, the surface tension remaininc 

constant thereafter or pansinG through a minimum. McBain 
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soucht to explain the rise of surface tension after passage 

through a minimum as due to decrease in the effect of a sub-

merged electrical double layer, while Miles and Shedlovslcy-

attribute such minima to the presence of foreign organic 

impurities. (81). Irrespective of any minimum, it is to be 

noticed that the surface tension lm·,ering by amobarbi tal, 

pentobarbital and secobarbital are even greater than that due 

to a cooplete coating of insoluble oleio acid on a water sur-

face (surface tension 40 dynes/cm.). The surface behavior of 

sodium barbiturates in this respect may be contrasted Yri th an 

increase of surface tension caused by increasing concentration 

of a solution of sodium chloride. 

Studies in the distribution of various hydrogen barbiturates 

between water and charcoal surface by Tabern and Shelberg have 

shovm the percentage adsorption of the substances on char-

coal follows the order of' increasing hypnotic activity of the 

barbiturates. The results of adsorption studies on sodium 

barbiturates e;iven on page 42 reveal that the salts follow 

the same order qualitatively. 

The rate of increase of viscosity ,·ri th increase of con-

centration of sodium barbiturates is higher than that of ordi-

nary electrolytes and less ~han that of soap solutions of 

cor.1.parable molecular weight. Among the salts studied here, 

there is a more rapid increase in the case of amobarbital, 

secobarbital and pentobarbi~al analogous to the pattern of 

colloidal electrolytes (82). 
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The empirical formula of Arrhenius 

71' : Ao 

is a relation which has been found to represent the behavior 

both ordinary and colloidal electrolytes (82), the difference 

being mainly in the exponential factor which represents the 

slope in log~• vs • .£ graph and this value is relatively 

greater for colloidal electrolytes. In viel'T of the complexi-

ties of conoentrations it is perhaps accidental that an equation 

of this kind should fit the results for o. variety of solutes; 

and the sodium barbiturates are no exception. 

A11 examination of the equivalent conductances at various 

concentrations of the sodium barbiturates show their maGni-

tudes to be of the same order as sodium salts of organic acids 

of comparable molecular weights. Their variation with in-

crease of concentration follows an approximate linearity with 

the square root of concentration, the slopes beinc smaller 

than that required by the Onsager equation. Undoubtedly, 

hydrolysis of the salts is bound to contribute to the total 

conductance and cause a small error inherent in all conduc-

tance i1orlc with salts of vieak acids. It is estimated that the 

conductance values may not be in error on this accom1t by 

over 1%. Moreover, it is noted that the anionic conductance 

of barbital at 25° C obtained bf extrapolation (viz. 25.4) is 

actually less than the value 27.? derived from an estimated 

s.em.iempirical value for the limitinc conductance of barbital 

given in the International Critical Tables (83). 
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Colloidal electrolytes are kno,m to reveal the transi-

tion from simple ions to micelles by characteristic breaks in 

conductivi t~r curves. These brealcs are sharp for lonG chain 

compounds (of the order of 12 carbon atoms and above) and be-

come less pronounced with decreasing number of carbon atoI11..s 

in the chain. In the case of sodium barbiturates nowhere is 

a sharp braak noticeable although secobarbital, pentobarbital 

and amobarbital seem to indicate a gradual inflexion at hicher 

concentrations. It is possible, as suggested by the consider~ 

tion of their structural features, that the compounds lie in 

the border region wherein the break in conductance may not be 

expected to be conspicuous. 

AlthouBh the general physical properties discussed 

earlier seelill to point to the colloidal behavior of pento-

barbital, amobarbital and seconal sodium in particular, more 

fundamental and detailed investigation of the thermodynamic 

properties such as the lowering of vapor pressure, depression 

of freezine point or the magnitude of osmotic pressure -

colligative properties which indicate the nuraber of·particles, 

ionic, nolecular or colloidal - is considered necessary to 

trace the proc;ress of ionic or molecular association in solu-

tion to cive rise to a colloidal system. 

Extrapolation of equivalent conductance vs.JNormality 

curves of the sodium barbiturates to infinite dilution has 

provided values of the limiting conductances of the salts, 

their anions and of the corresponding hydrogen barbiturates. 
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Information on most of these are not on record. Taft and 

Patton have c;iven the value for the limiting conductance of 

barbital anion at 30° C as 26.3, a value lower than the value 

29.l obtained in the present ,·,ork on the same compound.( 83 a) 

The ionic conductances have been helpful in determining 

the values of the diffusion coefficients of sodium barbi-

turates. The diffusivities shov.r no correspondence to the 

hypnotic activity of barbiturates. It may be 0Al,)ected - and 

this has been sho,·m b~r conductivity measurements* - that in 

the medium of gastric juice• i:ihich has a mean pH of 1. 6 ,the 

orally administered soditllll barbiturates would be present almost 

completely as undissociated acid and therefore ionic <liffusion 

may have no part in diffusion throU£;h stomach walls. Its role 

in transference of the drug from blood plasma to the sites 

of action also seems to be minor in the lie;ht of the principles 

discussed in an earlier section. 

Ionization constants of hydrocen barbiturates: Relation to 
their rapidity £! actTon. 

The ionization constants of hydrocen barbiturates which 

have been deternined with an estimated p1 .. ecision of 2~i reveal 

the follovdne; features. The value v.rhich lies close to 1 x 10-8 

*For example, a medium was ma.de up of hydrochloric acid and 
sodium chloride, 0.025 molar v,ith respect to each, to approxi-
mate the principal electrolyte content of eastric juice. This 
solution had a pH 1.67. Tne addition or an exact amount of 
sodium barbiturate to this solution also o.o:Pwi th respect to 
the barbiturate {a concentration value resulting from a normal 
dose of barbiturate) eave a -solution whose conductance i·ras al-
most identical ,·iith that of a·mixture 0.015 moles of HCl and 
0.035 moles of NaCl per liter. 
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for barbital is more than doubled by the substitution o-.r a 

phenyl croup in place of an ethyl as is shm·m in the case of 

phenobarbital. The lengtheninc of the substituent in the 5 

position causes a consistent fall in the value of ionization 

constant. The 5,5 substituents thus seem to have a direct 

effect on the ionization process. 

Several workers have sought to determine the pK value 

of Jjarbi tal. \'load in 1906 measured the conductance of acid 

barbital and reported a value '7.43 for its pK (84). The 

limiting conductance value employed appears to have been the 

one quoted in International Critical Tables (see P• 71). The 

following ~K values have bee~ obtained by later vro~kers, all 

by E. I.I. F. measurements: 7.4 by Kolthoff' (85), 7.86 by 

I,Iichaelis (86), 7.89 by Britton and_Robinson (87), 7.93 by 

Bush (47), 7.?l by Krahl (88) ~d 7.980 by Manov,Scheutte 

and Kirk ( 48) • The value of 7. 99 obtained in this work is 

considered in good agreement with the last of these. (Reported 

values have been corrected to 25° C) 

Bush has obtained pK values for phenobarbital, pento-

barbital and am.obarbital by pH measurenents in acid-salt 

mixtures. The values are shm·m belov, in comparison vri th the 

results of' this v;ork. 

By conductance by :pH (Bush) . 

Pentobarbital 8.13 s.04 . 
Phenobarbital 7.58 7.34 . 
Am.obarbi tal 8.16 7.89 
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The values obtained by conductance are uniformly higher 

in the three cases. 

The general physico-chemical features which have plausible 

validity in the hypnotic action of the barbiturates have been· 

covered in the introduction to this work. Although the opera-

tive factors determining their activity are undoubtedly inter-

related, it appears, a.a a. result of this investigation, that the 

ionization constant· of acid barbiturates, which oetermine5the 

proportion in which the lipid soluble free acid barbiturates are 

present in plasma, is a dominant factor and determines the rapidi-

ty of onset of hypnotic action of the barbi tur~.tes. An examina-

tion of the pK values of the acid barbiturates show their incre-

ase in the following order: Phenobarbital< Barbital ( Probarbi-

tal ( PentobRrbi tal ( Amobarbi tal < Secobarbi tal. 'rhis order 

corresponds to increasing abundance of undissociated acid bar-

biturates at the same concentration in any medium, other condi-

tions being equal. This result may be compared with the order 

of rapidity of their onset of action presented in p. 10. to 

which it remarkably corresponds, 

Similar conclusions hRve been reached by Klimesch under 

other premises by his studies on a number of barbiturates ( 46). 

The barbiturates investigated by Bush also yield results which 

would support this contention save for the lower pK value of 

7,89 recorded for amobarbital (47). This also corresponds to 

the observation of Kindler mentioned on pRge 8. 

The present work provisionally offers a better under-
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standinc of the probable cause of the differences in the time 

of onset of hypnotic action of the barbiturates. It becomes 

meaninc;ful when we recall that a creater concentration of the 

lipid soluble undissociated acid barbiturate in plasma rieans 

faster transport across the nerve cell membranes and a more 

rapid build u:p of the minimum concentration, requis~te for 

hypnosis, at the site of action of the barbiturates. Only an 

extension of a sbnilar approach to a far creator number of 

barbiturates - or for that matter to druc action in general -

nay justify any claim for real validity or otherwise of the 

ussutj.ptions involved. 
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