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ter, if there be atoms, may be torn from one 
another and made to take up new and defin- 
ite relations, scj that by synthesis there arise 
new substances with new propertiee, per- 
haps exhibiting structure and capable of 
performing pnrposive action of the most 
striking and a t  present inexplicable kind;  
motion, heat, light, electricity, being mani- 
fest in certain cases among other phenom- 
ena, while there are present no arrange-
ments, conditions or apparatus such as 
would enable us to develop these indepen- 
dently of the living. Here, then, as i t  
seems to me, will be found the foundation 
not only of the principles of physiological, 
pathological and medical science, but 
of that of the whole living world as  
distinguished from the lifeless cosmos. 
Here we must look for the initiation 
of all the changes characteristic of the 
living state. Account must also be taken 
of these peculiarly vital phenomena in dis- 
cussions concerning consciousness, thought, 
and will, and the life that has been, is and 
is to be. And may we not even hope that 
by further and deeper study of the phe- 
nomena of living matter .under the new 
advantages of demonstration which we 
enjoy, and which are constantly progress- 
ing, some further light may be thrown by 
the increased skill of investigators of vital 
phenomena even upon the nature and rela- 
tionship of material atoms in that boundless 
world of the non-living which ever has 
been and must be regarded alike by learned 
and unlearned with wonder and admira- 
tion ? LIOKELS. BEALE. 

LOXDOX. 

THE MAJOR PRELVIISE IN PHYSICAL 

CHEMISTRY.* 


CHEMISTRYis essentially an inductive 
science, mathematics is essentially deduc- 
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tive, while physics holds an intermediate 
position. Yet in our own science, general- 
izations are reached from time to time, 
which serve as major premises for syllogis- 
tic reasoning. For example, the proposi- 
tion that each portion of matter has con- 
stant weight +is a t  the basis of our know- 
ledge of chemical equivalents as  deter-
mined by the balance ; the isolation of the 
metals of the alkalis and alkaline earths led 
to an insight into the nature of salts in gen- 
eral as metallic compounds; and the ' pe-
riodic law,' though not expressed in precise 
mathematical language, is a most fiuitful 
generalization of generalizations. 

Physical chemistry, following the logical 
methods already so largely adopted in phys- 
ics, is characterized by a readiness to use 
the major premise. Instead of making a 
separate experiment to answer each ques- 
tion of fact, the conclusion may often be 
reached on theoretical grounds, in the same 
sense as an engineer may demonstrate the 
stability of the structure he has designed, 
or the movements of a newly invented 
machine. What, then, is the leading major 
premise in modern chemistry? and what 
shall be the conditions of fruitfulness ? 

The doctrine of energy, as  based upon 
thermodynamics, embraces the two laws of 
conservation and correlation ; first, energy 
(while convertible from one form to an- 
other) is constant in amount ; second, while 
work may be wholly converted into heat, 
only a definite fraction of heat can be con- 
verted into work. To specify more clearly, if 
a quantity of heat, H ,  is received a t  tempera- 
ture T (from absolute zero), and if this is 
converted into work as far as possible by 
any ideal process until there remains the 
quantity H' a t  temperature T', then the 
simple theorem holds that  the two quan- 
tities of heat are proportional to the two 
temperatures ; and of course the difference 
between heat received, and heat remaining 
(that is, the work) is proportional to the 



difference in temperature. Or, in algebraic 
language, 

H : H '  : : T : T '  
H :  H-H':: T :  T-T' 

,-T-T'
Work, =H-H ---. H

T 

This equation shows what fraction of the 
heat may be converted into work, under 
the most favorable conditions; namely, the 
fall in temperature divided by the ab-
solute temperature a t  which the heat is sup- 
plied. 

My present purpose is to present this 
topic in its bare outlines, and with the 
greatest simplicity possible. Those who 
wish to follow the deductive reasoning in 
detail must use the notation of Calculus, 
in accordance with the following steps. 
Combining the formula for the total work 
(as implied in the first law) with that for 
work derived from change of temperature 
(the second law) we deduce a differential 
equation for the work obtained or required 
in isothermal changes. The change under 
consideration may involve external work, 
as  when a vapor or gas is generated against 
atmospheric pressure; or it may be internal 
work of different kinds, as when the mole- 
cules are endowed with increased kinetic 
energy in volatilizing, or when a compound 
is decomposed into its constituents, with 
increased potential energy. 

A somewhat difficult but important paper 
by J. Willard Gibbs* trea,ts of the equilib- 
rium of heterogeneous substances, giving 
deductions from the two laws of thermo- 
dynamics, which in turn become major 
premises for a host of further deductions; 
so broad, indeed, are the propositions of 
Gibbs, that the distinctions between chem- 
istry and physics do not appear; there may 
be two ' heterogeneous substances ' of like 
chemical nature, as water and its vapor; 

*Trans. Conn. Acad., 3, 108, 343 (1874-78). See, 
also, Amer. Jour. Soi. [3] 16, 441 (1877) ; 18, 277 
(1878). 
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there may be three chemical bodies, as  
limestone with the lime and the carbon 
dioxid obtained by ignition; or there may 
be several physical mixtures, as solution of 
water in ether, solution of ether in water, 
and the mixed vapor resting upon both 
liquids. Now, a little consideration will 
show the importance of knowing when 
equilibrium is established, for this is equiva- 
lent to saying that no further action can 
take place; the solution is saturated, no 
longer acting upon the salt ; or the gas 
which has been generated under pressure 
is no longer evolved. When a change takes 
place spontaneously, as when I drop a 
stone, or mix sulphuric acid with water, 
heat is developed from some other form of 
energy. To reverse the process, work must 
be done. The conversion of heat into work 
is limited by natural law; when a given 
change implies the doing of work, and that 
work is forbidden by the terms of our major 
premise, the change is impossible, equilib- 
rium prevails. 

' Osmotic pressure ' in dilute solutions is 
analogous to the pressure of gases; the Gay- 
Lussac-Marriotte law, with slight modifica- 
tion of terms, applies to molecules in the 
liquid state. I f  work is required to dimin- 
ish the volume of a gas by means of pres- 
sure, work is likewise required to diminish 
the volume of a body in dilute solution, 
whether the solvent be removed by evapor- 
ation or by freezing. Boiling point and 
freezing point of the solvent are changed 
by the presence of the dissolved body. 
The agreement of observed facts with the- 
oretical deductions has led to important 
methods of determining molecular weights, 
while the apparent discrepancies in the 
case of electrolytes have proved an im-
portant argument for the doctrine that 
these compounds are dissociated into their 
ions. 

Our Chairman has pointed out the mu-
tual indebtedness of technology and pure 
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science. Manufacturing processes afford 
many examples of change which are not car- 
ried to completion ; it is important to know 
how far the operation can be improved to 
afford a larger yield, a purer product or 
less waste. Combustible gases issue from 
the blast furnaces. There is still a great 
reducing power in this mixture of carbon 
monoxid with carbon dioxid. Can i t  be 
utilized by enlarging the furnace ? Immense 
furnaces were built in order to secure a 
larger yield of iron, but the results were 
disappointing. The law of mass action 
shows that the equation 

Fe, 0,+3 CO =2 Fe+3 CO, 

is limited by certain conditions of equilib- 
rium, and that the ratio of the two oxids 
of carbon could not be greatly improved 
over that already secured in practice. The 
expense of a technological experiment 
might have been saved, had the indications 
of mathematical chemistry been heeded. 

What hopeless confusion seems to pre- 
vail in our present knowledge of solubili- 
ties ; yet how important in the separations 
required for chemical analysis. Here, 
again, we deal with questions of equilib- 
rium. Will work be done a t  the expense 
of heat or not ? 

There are two special difficulties in the 
general Application of thermodynamical 
principles; first, the minor premise is often 
wanting; and, second, the mathematical 
form of reasoning is often difficult for the 
best laboratory workers. Among the pub- 
lished data of thermo-chemistry, some have 
been determined directly, some indirectly; 
i t  is often difficult to find the data desired 
or to judge of their accuracy. A critical 
compilation of all available thermal data, 
conveniently arranged for reference, with a t  
least some indication of the probable errors, 
would be very desirable. Many such data 
might be computed indirectly from ex-
perimental determinations of equilibrium. 
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Many empirical equations have been com-
puted, showing solubility as a function of 
temperature. Who will trace the correla- 
tion among such, and thus add a large 
chapter to thermo-chemistry? What 
genius shall discover that form of mathe- 
matical function that shall substitute ra-
tional for empirical equations with a clear 
interpretation for each constant required? 
"But this work is mathematical rather than 
chemical," you will say. Yes, it is applied 
mathematics; and mathematicians (not be- 
ing chemists) are not likely to undertake 
such a task for us, unless we ask their 
counsel and aid. Specialization is inevi- 
table; yet by too arbitrary a specialization, 
we may inadvertently lose the very help 
we need. Again would I emphasize the 
fruitfulness which follows a ' cross-fertiliza-
tion of the sciences.'* Judging from the 
advances recorded in late years, especially 
in the 'Zeitschrift fiir physikalische Chemie,' it 
is safe to predict great developments for the 
rising generation. I heartily echo the 
sentiment that we need more data; yet 
great stores of observations upon record 
have not yet been coordinated and put to 
use. Ostwald, desiring to know the influ- 
ence of free iodin upon a reduction pro-
cess, made three series of determinations 
(twenty-four in all) from which he con-
cludes that the influence is not proportional 
to the mass. I t  was no part of his purpose 
to discover what the law of retardation is; 
but others might well follow out this clue, 
using also the data supplied by Meyerhoffer, 
and supplementing these with further ex- 
periments if needed. A glance a t  the liter- 
ature of solubilities, and the lack of ra-
tional formulas to express broad generali- 
zations, may convince us that a great mine, 
with abundant ore ' in sight,' is awaiting 
development; or, rather, that ore has been 
run through a stamp mill to extract half 
the gold, while fully half still remains in  

* Jour. Amer. Chem. Soo. 15, 601 (1893). 
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the tailings, awaiting more perfect methods 
of treatment. 

Much may be learned from the systematic 
habits of the astronomer, dividing his work 
among the several observatories in a spirit 
of helpful cotiperation, and assigning the 
labor of computation to those who are 
fitted thus to follow the lead of others. 
What better service can we do for the LTni- 
versity student than to set before him some 
of the problems in mathematical or physical 
chemistry that require patient toil, and give 
him the pleasure of assisting in their solu- 
tion by the use of logarithms and squares? 
What  is more practical than to utilize any 
service he can render ? 

I n  conclusion, I beg leave to suggest the 
appointment of a joint committee (repre- 
senting Sections A, B and C of the Ameri- 
can Association) to consider the feasibility 
of striving towards the following ends : 

1. The compilation of all reliable data of 
physical chemistry in convenient form for 
reference, distinguishing those determined 
directly from those calculated indirectly. 

2. The calculation of empirical formulas, 
to combine any series of data, when some 
better form of generalization is not already 
a t  hand. 

3. The preparation and use of rational 
formulas, wherever possible, to deduce the 
natural constants from series of observa-
tions, and to express the conditions that 
may be expected to hold between observa- 
tions of different kinds. 

4. The organization of a band of volun- 
teer compilers and computers from among 
advanced students, who (with the counsel 
and aid of their instructors) may assist in 
the work of compiling data and computing 
formulas. 

While the time did not seem ripe for 
the appointment of such committee a t  the 
late meeting of the A. A. A. S., the writer 
would be pleased to receive any further 

suggestions from those interested, regard- 
ing the points noted above. 

ROBT.B. W ~ R D E R .  
HOWARDUKIVERSITY, D. C.WASHINGTOK, 

REMARKS ON SOA?fE RECEhTT FUhTGI EXSIC- 
Ca4TI. 

ITis still a favorite mode among mycolo- 
gists to distribute exsiccati, or series of 
specimens of fungi collected from time to 
time by various persons and in different lo- 
calities. I n  times past these exsiccati have 
served a very useful end in enabling collec- 
tors to acquaint students with any new dis- 
coveries, and it has not been unusual to find 
many new species described in them. Even 
a t  the present day this habit prevails to a 
greater or less extent, and diagnoses of new 
species frequently occur in these collections. 
I n  the writer's mind, however, the custom, 
although sanctioned by long usage, is rep- 
rehensible,especially in those cases in which 
the species are not also described in some 
botanical journal. At a period when such 
journals were few, and when their circula- 
tion was limited, the distribution of exsic- 
cati with these new species was justifiable ; 
but now, with the great increase in means 
of publication and the facilities for illus- 
tration, the necessity for this has passed 
away. I t  is, indeed, questionable whether 
such species can be regarded as pubIished 
in the strict sense of the word. Exsiccati 
are from their very nature ephemeral. 
They are easily destroyed by insects and 
other pests. They have no place on the 
shelves of the library. They are very lim- 
ited in their circulation, and their limited 
numbers and relatively high price practi- 
cally place them beyond the reach of the 
majority of students. Only a small num- 
ber of persons, therefore, have access to 
them, and they must be sought for in the 
larger herbaria of the country. The ma- 
jority of botanists are therefore seldom wg- 
nizant of the new species described in 


