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RESUMEN. Philippe-Auguste Guye (1862-1922) fue uno de los mas brillan-
tes fisico quimicos Suizos de fines del siglo xix y comienzos del siglo xx que
se dedicé al estudio tedrico y experimental de los fenémenos relacionados
con el uso de ecuaciones de estado para predecir propiedades fisicas como la
refraccién molar y el estado molecular en el punto critico, la determinaciéon
precisa de pesos atémicos, la actividad 6ptica de compuestos organicos y sus
leyes, la electrélisis de cloruros alcalinos, y la fijacién del nitrégeno atmosfé-
rico.

ABSTRACT. Philippe-Auguste Guye (1862-1922) was one of the most bril-
liant Swiss physical chemists of the end of the 19th century and beginning
of the 20th century, who devoted himself to the theoretical and experimental
study of phenomena related with the use of equations of state to predict physi-
cal properties such as molar refraction and the molecular state at the critical
point, the accurate determination of atomic weights, optical activity of or-
ganic compounds and its laws, electrolysis of alkaline chlorides, and the fixa-

tion of atmospheric nitrogen.

LIFE AND CAREER

There are almost no biographical
data about Guye, only some short
notices in his memory, mainly de-
scribing his scientific work.!*

Philippe-Auguste Guye was born
in Saint-Christophe (Vaud) on June
12, 1862. He attended the University
of Genéve where he got his doctor-
ate in 1884. Between 1884 and 1886
he served as assistant to Professor
Carl Graebe (1841-1924) (Note 1) and
as private teacher. After receiving
his doctorate he moved to Paris
where he stayed until 1892. There he
followed the courses of the Uni-
versité de Paris (Ecole des Hautes
Etudes) and prepared his thesis on
the action of hydrogen iodide on aro-
matic compounds, for obtaining the
degree of docteur-és-sciences phy-

siques.’ He returned to Geneéve in
1892 to occupy the adjunct chair of
theoretical and technical Chemistry
(Chimie Théorique et Technique) cre-
ated at the University of Genéve es-
pecially for him, and to become,
three years later, a regular chair.

In 1903 Guye established the
Journal de Chimie Physique in
Geneve and was its editor until his
death on March 27, 1922. This publi-
cation was the only Swiss journal in
the areas of chemistry, thermody-
namics, and physical chemistry.
Until that time, Swiss chemists had
to rely almost exclusively on foreign
periodicals, mainly German and
French, for the publication of their
scientific results. After the begin-
ning of the First World War in 1914,
Swiss chemists decided to become

independent of periodicals control-
led by foreign chemical societies,
especially in view of the unsure con-
ditions that were going to develop
after the war. Another inducement
for the establishment of an inde-
pendent official journal was that the
International Association of Chemi-
cal Societies, a precursor of IUPAC,
founded in 1911, had refused to ac-
cept the Swiss Chemical Society as
one of its members on the grounds
that it did not have its own journal.
It was felt that a society, which could
not afford a journal, could not claim
the same rights as other, older soci-
eties, which had one. The driving
force behind the decision to publish
a Swiss journal of chemistry was
Karl Friedrich Rudolf Fichter (1869-
1952), professor of inorganic chem-
istry at the University of Basel.
Fichter was actively supported in his
efforts to establish what was to be-
come Helvetica Chimica Acta, by
Guye, who was president of the
Swiss Chemical Society during 1917
and 1918.

Honors and positions

Guye received many honors for
his contribution to science, industry,
and the Nation. He was awarded the
Vaillant Prize of the Institute de
France (1896); the Croix de Chévalier
of the Légion d’Honneur (1907); the
Lavoisier Medal of the Société Chi-
mique of France (1908 and 1911), the
Le Blanc medal of the Société Chi-

Note 1. Graebe and Karl Lieberman synthesized alizarin, which quickly substituted the natural dye madder in the textile industry for tinting red.
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mique de France (1909); the Gold
Medal, grand module, of the Société
d’Encouragement pour ’Industrie
d’Agriculture de France (1912); and
the Davy Medal Nationale (Paris,
1911); the Olivier de Serres gold
medal of the Société Nationale of the
Royal Society of London (1921). He
was president of the Société de Physi-
que et d’Histoire Naturelle of Geneve,
member of the central committee of
the Société Helvétique des Sciences
Naturelles, and president of the So-
ciété Suisse de Chimie and the
Council de la Chimie Suisse. He
became honorary member of the
Societé Vaudoise des Sciences Natu-
relles (1902); of the Société Roumaine
de Pharmacie (1905); of the Sociedad
Fisico Quimica of Spain (1909); of
the Société Roumaine des Sciences
(1910), of the Société Neuchdteloise
des Sciences Naturelles (1910), of the
Société Chimique de France (1911),
and of the Royal Institution of Lon-
don (1911). He was correspondent
member of the Real Academia de
Ciencias de Madrid (1910), of the
Académie des Sciences (1912);
honorary member of the Chemical
Society of London (1912), of the Aca-
démie Roumaine des Sciences (1913)
and of the Academy of Sciences of
Petrograd (1914); honorary member
of the Société Baloise des Sciences
Naturelles (1917) and Foreign
associate of the Académie Royale des
Lincei (1921).

Scientific contribution

Guye wrote a little over 200 pa-
pers on the subjects he investigated
on a wide range of subjects, particu-
larly molecular constitution, optical
activity, electrochemistry, and deter-
mination of molecular weights. Here
we will only describe his most im-
portant findings.

Molecular constitution®>

In 1890 Guye established a rela-
tion between the volume b in van der
Waals’s equation of state (EOS), the
critical coefficient, and molecular
refraction, which allowed him to de-
termine the molecular weight at the
critical point and to demonstrate
that water and alcohols are still po-
lymerized. This work became the
starting point of others works of ex-
perimental nature, such as the de-
termination of the critical tempera-
ture, pressure, volume and surface
tension, and theoretical ones such as
the calculation of the constants a
and b of the van der Waals equation,
and other functions derived from
this EOS. Guye and his coworkers

established the existence of poly-
meric molecules in many series of
organic compounds, such as alco-
hols, ketones and nitriles.

According to Guye!!'® the appro-
priate use of van der Waals’s equa-
tion of state required the knowledge
of the critical constants of a sub-
stance or other parameters that
contained them. Unfortunately, the
experimental determination of the
critical constants was such a tricky
technique that it did not always yield
results that were accurate enough,
facts that restricted somehow the
use of the equation. For Guye these
difficulties could be avoided by
finding relations that connected the
constants of the EOS with other
thermodynamic relations that in-
cluded properties that could be
measured more easily and more ac-
curately.

Guye started by writing the van
der Waals EOS in the form!

(P+V%)(v-b) - (P, +V%)(v0 _b)(1+at)

° ¢Y)
where:
subscript represents the values

taken at the temperature 0 °C .

a coefficient of thermal expansion

at constant pressure

t temperature in °C .

According to Guye, van der Waals
had shown that the constant b (the
covolume) was equal to the volume
of the molecules assumed spherical,
measured at 0 °C and 1 atmosphere
pressure. Under these conditions the
law of Avogadro and Ampere stipu-
lated that all gases had the same
number of molecules, thence it was
evident that the constant b was pro-
portional to the real molar volume
of a molecule initially assumed
spherical.

As stated by Guye, the same no-
tion of the volume of a spherical
molecule could be reached using the
optical concepts developed by
Hendrik Antoon Lorentz (1853-1928;
1902 Nobel Prize in Physics), Ludwig
Valentin Lorenz (1829-1891), and Felix
Maria Exner (1876-1930). Rudolf
Julius Emanuel Clausius (1822-1888)
had proved that the dielectric con-
stant k of a compound depends on
the ratio u of the true volume of the
molecules and their volume as-
sumed spherical:”

1+ 2u

k 2
1-u @
that is,
k -1
= 3
U=172 ©

In other words, u represents the
fraction of the unit volume of the
dielectric really occupied by its mol-
ecules assumed spherical. Since
Maxwell had shown that the dielec-
tric constant of a body was equal to
the square of its refractive index n
referred to a radiation of infinite
wavelength, then eq. 3 could be writ-
ten:

n? -1
n?+2

@

Division of eq. 4 by the density d
of the compound, measured at the
same temperature as the refractive
index, yields the specific refraction R:

n?-11 u

—== 6
n+2d d ®

In theory, R should be independ-
ent of the temperature, pressure,
and the state of aggregation of the
body (gas or liquid), a hypothesis
demonstrated to be correct by the
experiments of Chappuis and Ri-
viere?! and others. Inspection of eq.
5 shows that the ratio d/u represents
the true specific weight of the mol-
ecules assumed spherical, and that
the ratio varies inversely with the
specific refraction.

Multiplication of eq. 5 by M, the
molecular mass of the compound,
yields the molecular refraction:

u n?-1M
d n*+2d

The left hand side of eq. 6 repre-
sents the true volume of a molecule
assumed initially to be spherical and
indicates that this volume is propor-
tional to the molecular refraction.
Now, since constant b in van der
Waals’s EOS is proportional to the
real molar volume of a molecule ini-
tially assumed spherical, then it
must be that”

b=MR (D

where:
f proportionality factor (constant).
In a following publication?®!?
Guye used again the van der Waals’
EOS to develop a relation between
the ratio, x, of the absolute critical
temperature to the critical pressure
(which he named critical coeffi-
cient) and the specific refraction.
Calling m, 6, and @the pressure, tem-
perature, and volume at the critical
point the EOS may be written as

=0 ®)

1+ 37p2)(1- %)
Given that the critical volume is
always a very small number (about

%m+am=
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0.2 L/mol) and that the product of
the two factors of the denominator
in eq. 8 is essentially equal to 1,
then eq. 8 can be well approximated
by

3
§(1+a6):rr¢ 9
Taking the value of the thermal

expansion coefficient as a = 1/273:

3273+0
8 273

so that the critical coefficient is

(10)

273 +0 _ 3

—— = (5)273)x

oL

F an

The critical volume and the con-

stant b are related by the equation

¢ = 3b and the latter is related to the

molecular refractive power by eq. 7,
hence®

Equation (12) shows that the
critical coefficient is proportional to
the molecular refractive power.

Guye calculated the value of f for
about 20 compounds using more
than 50 sets of values for the critical
constants available from different
sources.?!® His results indicated that
although f varied from 1.6 to 2.0, for
about 75 % of the substances it var-
ied in the more narrow range of 1.7
to 1.9, so that he felt that it was ap-
propriate to assign f the value 1.8.
This was a very satisfying result con-
sidering that for the compounds ex-
amined the range of critical pres-
sures was between 30 and 115 atm,
for the critical temperatures between
179.5 and 590.3 °C, and for the molecu-
lar refractive power between 4.4 and
35.3. An important observation was
that for a given compound the value
of the factor varied 10 to 20 % of the
average value, depending on the
source of the experimental values of
the critical data. To understand this
divergence we must realize that
measurement of critical properties is
a delicate experimental technique,
that at the end of the nineteenth cen-
tury no accurate means of measuring
high pressures were commonly avail-
able, and in addition, the purity of the
materials employed was not high
enough. In due time, this problem
would be approached appropriately
by Sidney Young (1857-1937).22

Equation 12 could now be written

X
M=1.8% 13
8F\’ 13)

thus allowing for a very simple
method for calculating the molecu-
lar weight as a function of the criti-
cal coefficient and the molecular re-
fractive power.

Guye used eq. 12 to predict the
critical coefficient of a mixture (an
unheard feat for his time) using the fact
that the refractive power of a mixture
(R)isrelated to the refractive power (R,
and concentration of the individual
pure components (c,) by

k
R= Z Rc, (14

n 1 1

— d 21 [n o 1 (15
a relation valid for a mixture in any
state of aggregation. The calculated
value of R allows determination of X..
The only precaution in using this
method is that the refractive indexes
and densities should be measured at
the same temperature. Guye re-
marked that the value of the critical
coefficient of a mixture allowed es-
tablishing if a compound remained
identical to itself in the critical state.
Thus, if one molecule of a pure com-
pound decomposed into 2, 3,..., n
molecules then the experimental
critical coefficient would be 2,3,...,nn
times smaller than the calculated
value, while in the opposite situation
where there is a condensation of
molecules at the critical point, then
the experimental value of X, would be
2,3,...,n times larger than the calcu-
lated one. In other words, the devia-
tion is a clear signal that a modifica-
tion of the compound is taking place
at the critical point.

In following publications Guye
developed a third procedure for cal-
culating the molecular weight at the
critical point, which was particularly
applicable for compounds like water
and methanol that deviated more
pronouncedly from the relations he
had derived previously. From a com-
parison of the density at the critical
point according to the laws of ideal
gases and the EOS of van der Waals,
and the fact that the latter wrongly
predicted that the critical compres-
sibility had the constant value of 3/8
for all gases, he arrived at the rela-
tion:

d-1146—=22 ()
7(1070 + @)
for the critical density relative to that
of air at 0 °C and 1 atm, where dis the
critical density (g/cm?), relative to
that of water, and © the absolute tem-
perature.

Guye used eq. 16 to calculate the
molecular weight of methanol at its
critical point and concluded that in
those conditions the alcohol seemed
to exist as a dimer.

Guye’s findings on the possible
polymerization of a substance at its
critical point and a paper by William
Ramsay (1852-1916) and J. Shield?
led him to investigate this phenom-
enon further.!51%1% Ramsay and
Shields had studied the molecular
complexity of 55 different liquids
and found that most of them had the
same degree of polymerization in the
liquid and vapor phases. The phe-
nomenon of polymerization was par-
ticularly strong in compounds such
as methanol, fatty acids, acetone,
propionitrile, nitroethane, and water.
The degree of polymerization was
found to decrease with increased
temperature. Another interesting
finding was that the ratio of the criti-
cal density, determined by the law
of rectilinear diameter of Louis Paul
Cailletet (1831-1913) and Emile
Mathias (1861-1942),* to that of the
density calculated using the ideal
gas law, was about 3.85 for a large
variety of substances (i.e. halo-
benzenes, carbon tetrachloride,
diethyl ether, and many methyl and
ethyl fatty esters). Further investiga-
tion byYoung? had demonstrated
that at low temperatures the law of
the rectilinear diameter failed to be
true for substances known to polym-
erize like water, methanol, ethanol,
and propanol, but continued to be
true for acetic acid. To Guye this ob-
servation meant that the presence of
polymerized molecules was not a
sufficient condition for curving of
the diameter. Analysis of the avail-
able information indicated that al-
though water and the lower alcohols
were strongly polymerized in the lig-
uid phase, this was not true for the
vapor phase; at temperatures ap-
proaching that of boiling the density
of the vapor was slightly larger than
that predicted by the ideal gas law.
At higher temperatures both densi-
ties became essentially identical.
Acetic acid behaved different;
Ramsay and Young?® had found it to
be strongly polymerized in the vapor
phase. Guye concluded that the law
of rectilinear diameter was true for
simple liquids and for those in which
both phases were polymerized to
more or less the same degree. Bend-
ing of the diameter was then a clear
demonstration that the liquid phase
had a higher degree of polymeriza-
tion than that of the vapor phase. In
addition, if both phases had the same
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degree of polymerization then the
latent heat of vaporization expressed
only the work necessary to carry the
phase change and would decrease
with increased temperature and be-
come zero at the critical point. If the
degree of polymerization was larger
in the liquid phase, then the heat of
vaporization represented not only
the vaporization work but also the
work of dissociation. Although the
heat of vaporization would decrease
steadily as the temperature in-
creased, the sum of both heats could
very well pass through a maximum
value, depending on the relative
value of both works. In other words,
amaximum in the value of the nomi-
nal heat of vaporization was a clear
sign that the liquid phase was more
polymerized than the vapor one.

A further proof of this conclusion
was Victor Regnault’s (1810-1878)
finding?" that if the vapor pressure
curves of many compounds are ar-
ranged in order of increasing boiling
temperatures up to the critical one,
these curves generally do not cross
one another. The only known excep-
tions were water, the alcohols, and
acetic acid. In other words, the cross-
ing was a result of polymerization in
the liquid phase. For liquids that
polymerized the measured vapor
pressure was actually a weighed
pressure representing the vapor
pressure of a mixture of “pure” lig-
uids having different degrees of po-
lymerization, extending between the
totally polymerized species and the
non polymerized one, the first one
having a boiling temperature higher
than the second.

Guye used the van der Waals EOS
to give a quantitative expression to
the above conclusion.!® In his thesis
van der Waals® had developed the
expression:

T

logP, — logP = fLT_— an

to relate the vapor pressure P of a
compound to its critical constants.
The constant f had a value of near 3
for all substances; nevertheless, the
experimental findings of Ramsay
and Young?® had indicated that the
value of f was not constant, it varied
from substance to substance, al-
though within a narrow range near
the value 3. Guye also calculated the
values of f for a series of substances
and found that, except for water,
they were substantially larger than
3 for polymerized substances. This
experimental finding could be justi-
fied by writing eq. 17 in the form

_ (logP, —logP)T
- T,-T

and recalling that a polymerized lig-
uid has a boiling temperature (T)
larger than the non polymerized one.

Guye and Baud?’also used the
capillary constant

f

(18)

o LMV )P - My )
t—t,

19

where:

y, surface tension,

v, the specific volume at tempera-
ture ¢,

to determine the degree of polymeri-

zation of a given pure compound as

a function of the temperature.

The product of asymmetry 3%

In 1860 Louis Pasteur (1822-
1895)%¢ suggested the tetrahedral ar-
rangement of atoms in the molecule
as a possible means of explaining the
optical activity of tartaric acids.
Twelve years later, Achille Le Bel
(1847-1930)°" and Jacobus Henricus
van’'t Hoff (1852-1911)% independ-
ently demonstrated the correctness
of Pasteur’s hypothesis. Four differ-
ent radicals attached to a carbon
atom constituted a tetrahedron;
since they could not exchange their
positions and their centers of grav-
ity were not located in the same
plane and they originated the rotary
power. In other words, the phenom-
enon originated from the existence
of an asymmetric carbon. The only
requirement of this hypothesis was
that the tetrahedron be regular.

Although examination of the
structural formula of a compound
allowed predicting its optical activ-
ity and the number of isomers, it did
not permit calculating the magni-
tude and sign of the deviation of the
polarization plane. The hypothesis
of the product of symmetry, pro-
posed by Guye, was destined to fill
this lacuna. It attributed to the
masses of the groups attached to the
asymmetric carbon the principal
role in optical activity phenomena.
Admitting, on a first approximation,
that the centers of gravity of the four
groups attached to the carbon are
located at the vertices of a regular
tetrahedron, the development of the
theory becomes very simple: When
the masses attached to the carbon
are very similar, the center of grav-
ity of the molecule is located on at
least one of the six symmetry planes
of the regular tetrahedron. Now, if
the carbon atom is asymmetric, the
center of gravity will be located out-

side these planes. Calling d, d,, d.,
d,, d., and d, the distances of the
center of gravity to each of the sym-
metry plans, then the product of
these distances P=d d,d,d,d, d,
which Guye named the product of
asymmetry, will be zero as long as the
carbon is symmetric (at least one of
the six factors will be zero) and dif-
ferent from zero when the carbon
becomes asymmetric. Agreeing arbi-
trarily to account as positive the dis-
tance to a certain side of the plane
and negative that to the other side,
P will be positive or negative, de-
pending if the number of negative
distances is even or odd. Guye pos-
tulated that P not only measured the
asymmetry of the tetrahedral
scheme, but also its optical activity.
In Guye’s words:?** “Si ’'on admet,
avec MM. Le Bel et van t’Hoff, que les
valences du carbone sont dirigées vers
les quatre sommets d’un tétraedre
régulier, et si 'on appelle plans de
symétrie du carbone les six plans de
symétrie qui caractérisent le compose
CR,, it est évident que, tant que le
carbone restera symétrique, le centre
de gravité de la molécule se trouvera
dans un au moins de ces six plans de
symétrie, et qu’au contraire ce centre
de gravité sera situé en dehors de
chacun de ces six plans des que le
carbone deviendra asymétrique” (If
we admit with le Bel and van t’Hoff
that the valences of carbon are di-
rected towards the four vertices of a
regular tetrahedron, and we call
symmetry planes of carbon the six
planes of symmetry that character-
ize the compound CR,, it is clear that
as long as the carbon remains sym-
metric the centre of gravity of the car-
bon will be located on at least one of
these six planes and that the centre
will be below each of the six planes
when the molecule becomes asym-
metric).

In order to verify this hypothesis
Guye derived some conclusions,
which could be easily controlled by
experience, for example: (a) Every
time that as a result of replacing one
element or radical the center of grav-
ity remains on the same sides of the
planes of symmetry of carbon, the
rotatory power will retain its sign, (b)
If, as a consequence of the substitu-
tion, the center of gravity moves
away from the planes of symmetry,
then the rotatory power will be larger
than that of the original molecule. It
will be smaller if the center of grav-
ity approaches the planes of symme-
try and larger if it moves away from
them, and (c) If as a result of a sub-
stitution the center of gravity of the
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molecules moves from one side of
the plane of symmetry to the other,
then the rotatory power will change
sign.

Guye was able to verify the va-
lidity of his conclusions for the cases
where the rotatory power had been
determined experimentally for
many derivatives of a same group,
particularly amyl alcohol and its halo
derivatives, amyl cyanide and ac-
etate, amyl amines and their
chlorohydrates, asparagine and as-
partic acid and their combinations
with bases and acids, d-tartaric acid
and its derivatives, malic acid and
derivatives; in total, for about 50 or-
ganic different compounds.

Initially, the qualitative verifica-
tions of Guye’s law seemed to prove
the validity of his principle: When a
substitution on an active body led to
a displacement of the center of grav-
ity relative to one of these planes, the
rotatory power changed its sign, but
retained it if as a result of the sub-
stitution the center of gravity re-
mained on the same side of the
plane. In his first publications on the
subject, Guye examined more than
100 optically active compounds be-
longing to seven different series;
these confirmed, with very few ex-
ceptions, the proposed hypothesis.

Guye’s theory was hotly con-
tested by Albert Colson® who claimed
that it did not consider the fact that
the relative position of the four
groups would result in a different
sign of the rotatory power. Colson
gave as an example tartaric acid, as-
suming the basis of the tetrahedron
abd to be horizontal with the groups
COOH, OH, C,H,0,, and H being lo-
cated at the vertices a, b, ¢, and d,
respectively. In this geometry the
plane passing through the edge cd
and the middle point m of ab is verti-
cal and contains the resultant of the
masses d = H and ¢ = CH,O,. The
resultant weight of OH and COOH
passes to the right of the plane cdm
since H = 17 is smaller than COOH
= 45, and so does the resultant
weight of the four masses at a, b, c,
and d. Colson then said that admit-
ting with Guye that the above con-
figuration was dextro then if the
group OH was replaced by C,H.O,
(acetate), having a weight of 59
(larger than that of COOH) then the
resultant weight would now pass to
the left of plane cdm, and, conse-
quently, the new compound would
be levo instead of dextro.

Guye’s results attracted much
attention and led to a large number
of publications on the subject and

the number of exceptions found
began to increase. Guye looked for
an explanation, admitting a defor-
mation of the tetrahedron caused by
chemical affinity and to the fact
that the masses were not strictly
concentrated at the vertices of the
tetrahedron but at a distance, which
depended on their molecular vol-
ume.

In a following publication® devel-
oped more detailed formulas for cal-
culating the product of asymmetry
for the cases where the masses of the
four groups were located at the ver-
tices of the tetrahedron, at variable
distances, or capable of lateral
displacements. For the first case the
expression of P was

b Ha-b)(a-c)(a-d)(b-c)(b-d)(c

_d)g

individuals. Guye demonstrated
these principles by determining the
rotatory power of active diamyl ether:

HC_ . O
/C*H‘CHQ*O-CHz' H\CZH: (22)
HsCy )

In order to find the approximate
value of the each active carbon
(marked *) Guye and Gautier pre-
pared a similar amyl ether, having
only one active carbon,*’

l—gC\ /CH‘
CH—CH,—O—CH—CH,CH_ 23)
HC, o

by reacting amyl bromide with the
sodium amylate of
HOCH,-CH,CH(CH,),.

The rotatory power of com-

H (a+b+c+d)

{/sina)’

20)

where:

a, b, c, and d were the masses,

l their distance to the center of the
tetrahedron,

a angle that the lines joining the
centerwith the vertices formed with

a given symmetry plane (54° 44’).

Although this equation de-
pended on a too large number of
unknowns to be possible to verify
it, it was useful for some especial
situations, for example, for a group
of compounds belonging to a ho-
mologous series.

For the general case were the four
masses were located at different dis-
tances (I, m, n, p) from the center, the
expression for P became eq. (21)(see
below).

Guye then proceeded to demon-
stratef! that for the case where the
tetrahedron was slightly deformed,
the value of P given by eq. (21) would
necessarily go through a maximum.

In a following work*™* Guye
studied the optical effects of com-
pounds possessing more than one
active carbon and the laws regulat-
ing the phenomena. He concluded
that in a molecule having multiple
asymmetric carbons, each behaved
independently, that is, as if the rest
of the asymmetric carbons were in-
active. In addition, the total optical
effect of several active carbons was
equal to the algebraic sum of the

H pound (23)was a, = +0.27° for
L = 0.5 dm . According to
Guye and Gautier this should
be approximately the optical
effect of one of the active carbons of
compound (22) having the structure
given in eq (23). Now, the optical ac-
tivity attributable to one of the active
carbons in compound (22) can be
measured exactly by masking the op-
tical activity of the second. This was
done by reacting active amyl bromide
with dl-sodium amylate. The reaction
product was shown to have a, = +0.25°
for L. = 0.5 dm . Measurement of the
optical activity of compound (22) gave
a, = +0.49° for L = 0.5 dm, indicating
the correctness of the principles.
The superposition effect was
proved again by measuring the op-
tical activity of amyl amyl acetate:#34°

H3C\ /Csz
C H—CH;~CH,;—CO0—CH,~CH(_
/ CH
HC, ’
24

that of a mixture of d-amylacetic acid
and dl-amyl alcohol (a, = +4.36),
and of a mixture of dl-amylacetic
acid and l-amyl alcohol (a, = +1.54°).
Hence, according to the superposi-
tion principle the rotatory power of
compound (24) should be approxi-
mately a, = +0.27 + 1.54 = +5.90°,
which compared very favorable with
the measured value +5.64°.
Similarly, the experimental value
of the optical activity of amyl
amylmalonate, a, = +9.68°,

p  A—B+k)A -G +K)(A —D;s + k)B, ~C, + K, )B; —Ds +k5)(G —D5 k)

(@a+b+c+d)

where:
alsina, = A, ...,dpsind; = D, etc.

@D
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and participated,

HC . */C2H5 hence, in the con-
CH—=CH~CH— 00C—CH;—C H\ 25)  duction of the cur-

HsC, CH, rent.
2 In 1906 Guye

compared very well with the results
of the superposition principle, ob-
tained by adding the optical activ-
ity of the reaction product of d-
amylmalonic acid and dl-amyl] alco-
hol (a, = +6.10°) and of the reaction
product of dl-amylmalonic acid and
l-amyl alcohol (a, = +3.48°).

It was during these studies that
Guye discovered in 1893, independ-
ently of Edward Frankland (1825-
1899), the property that the rotatory
power of certain homologue series
goes through a maximum value. In
this case, the function of the prod-
uct of asymmetry also passed
through a maximum value. This
finding led Guye to new researches
during which he examined the influ-
ence of dissociation, polymerization,
nature of the solvent, temperature,
superposition of the optical effect of
several asymmetric carbons in one
given molecule, etc. Guye’s findings
oriented stereochemistry in a new
direction, as was recognized by Paul
Walden (1863-1957) in these terms
during alecture given to the German
Society of Chemistry: “La théorie du
produit d’asymétrie a agi en son
temps comme un puissant cataly-
sateur” (The theory of the asymmet-
ric product acted, on its time, as a
powerful catalyst).?

Electrolysis of alkaline chlorides®*%

Beginning 1900 industrial inter-
est led Guye to study the electroly-
sis of alkaline chlorides; he tried to
establish an elementary theory of
diaphragm electrolytic cells. Start-
ing from the notion of instant cur-
rent yield and simplifying the
method of calculation of this param-
eter, Guye proved that in practice the
yield of the process could be consid-
ered to be a function of only one in-
dependent variable, that of alkali
concentration, and not of three in-
dependent variables (alkali con-
centration, salt concentration, and
temperature), as was generally ac-
cepted before. This simplification
allowed Guye to establish a whole
series of relations that permitted an
apriori calculation of the production
of diaphragm cells under different
operating conditions. The verifica-
tion of this elegant theory was re-
markable and showed that it was
very general and applicable to all
cases where one of the products of the
electrolysis was an electrolyte itself

published a very detailed of the physi-
cochemical aspects of the electrolysis
of alkaline chlorides taking place in
a diaphragm cell.® This paper con-
tained a discussion of the main phe-
nomena: (a) physical diffusion of the
alkali, (b) ion migration, (c) transfer
of anodic liquid by endosmosis
through the diaphragm into the ca-
thodic compartment, and (d) physi-
cal flow of the cathodic liquid due to
level difference, into the anodic com-
partment. Guye demonstrated that
ion migration was independent of
the diaphragm, of diffusion phenom-
ena, of electric endosmosis phenom-
ena, and the flow of cathodic liquid.
The paper included a detailed ex-
perimental study of the diaphragm,
as well as measurement of its poros-
ity, permeability, and electrical re-
sistance.

Atomic weights -7

The starting point of this activ-
ity was the divergence between the
atomic weight of nitrogen deter-
mined by purely chemical methods
and by physicochemical methods
based on the density of the gas. For
the first (six methods) Jean Servais
Stas (1813-1891) had determined the
average value of 14.044™ while for
the chemical methods, envisaged at
that time by Guye, the value found
was 14.005. The atomic weight of ni-
trogen was fundamental, it was inad-
missible to have such a deviation in
the atomic weight of a substance
used for calibrating others.

Since chemical purifications
could only eliminate known impuri-
ties, the gas after this chemical pu-
rification, was always subject to a
physical purification by liquefaction
and fractional distillation and
fractional solidification. The best
criterion for purity was based,
according to the Geneva school, in
the verification of a characteristic
property (such as density, which was
the departing point for calculating
atomic weights) that should be
found to be identical to that from
samples of different chemical
origins and subjected to a given
physical purification routine. After
four years of hard work, Guye was
able to prove that the atomic weight
for nitrogen reported by Stas was
incorrect. During a conference given
on June 10, 1905 to the Société
Chimique de France, Guye conclud-

ed as follows: “Il y a concordance
aussi parfaite que possible entre
les méthodes physico-chimiques et
les méthodes chimiques directes,
car les premiéres conduissent a une
moyenne de 14.008 et les secondes a
une moyenne de 14.009. On est en
droit par conséquent d’abandonner
définitivement le nombre de Stas
obtenu par les six methods indirec-
tes” (there is perfect concordance
between physical chemical methods
and direct chemical methods be-
cause the first lead to an average of
14.008 and the second to an average
of 14.009. It is then correct to
definitely abandon the value of Stas
obtained by six indirect methods).2

But it was not enough to make
these verifications, it was also nec-
essary to explain the reasons for the
deviations obtained by both re-
searchers. By a very detailed analy-
sis of the working conditions Guye
proved that contrary to was admit-
ted until then, none of the indirect
methods employed by Stas was ca-
pable of giving exactly the second
decimal of the atomic weight of ni-
trogen, and that the origin of the er-
ror was imputable to the atomic
weight of silver. According to Guye,
the atomic weight of the latter should
be reduced to 107.89.™

It took almost nine years for
Guye’s results to be accepted. In 1907
the International Committee on
Atomic Weights decided to accept the
rounded-off value of 14.01 for the
atomic weight of nitrogen, and only
in 1909, to adopt the value of 107.88
for the atomic weight of silver.

Guye did also extensive work on
the determination of the atomic weight
of chlorine, bromine, carbon, sulfur, etc.,
revision of the critical points of pure
gases, and a systematic study of the er-
ror sources affecting the determination
of atomicweights. The net consequence
of these researches is the fact that
Guye’s results led to the revision of
more than half of the atomic weights
accepted then.

Mechanism of chemical reactions™”

August Kekulé (1829-1896) and
van’'t Hoff had admitted that a sub-
stitution reaction must be preceded
by the formation of an addition prod-
uct between the reacting substances.
Due to the formation of intermedi-
ate products the formulas of chemi-
cal kinetics were not applicable to a
reaction but only after a more or less
pronounced induction period, pre-
ceding the steady state and only ac-
cessible by simple interpretation of
chemical mechanics. It had been
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impossible to prove by means of cur-
rent chemical methods the existence
of these intermediate combinations,
which were necessarily unstable be-
cause they had to decompose easily
under the same conditions they
originated.

Itis to Guye that we owe the pos-
sibility of detecting very easily, us-
ing thermal analysis, the addition-
combination at its lower limit, often
very low, in the liquid state. In this
manner Guye contributed to give a
solid basis to the modern ideas of the
reaction mechanism of substitution
reactions that admit in every system
capable to producing similar reac-
tions there are three zones: an indif-
ferent zone at low temperatures, fol-
lowed by a zone of addition at a
higher temperature, and finally, a
zone of substitution.

Nitrogen fixation™"

In 1893 Guye began studying the
question of fixation of atmospheric
air with Aloys Naville and C.E. Guye.
It is important to note (to acknowl-
edge) that the principles stated in
Guye’s patents™ are the guide for
all the inventors in this domain; re-
frigeration of the fraction of the gas
traversing the arc by means of an
excess of air, and narrowing of the
gaseous vein between the electrodes.
This technique was completed in
Guye’s procedure, by utilizing arcs
in series, thus assuring the auto
regulation between the arcs and al-
lowing the total elongation of the
arcs for a given current, by the use
of nonferrous self-inducting coils,
thus reducing to the minimum the
duration of extinction flutters det-
rimental to the arc stability, by the
addition of oxygen to increase the
yield, and finally, the recuperation by
means of cold, of the nitrogen oxides
generated by the arc.

Guye realized soon that the prob-
lem of nitric acid was not limited to
its synthesis. Fertilizers constituted
the principal use of combined nitro-
gen; the nitrous vapors of the fur-
naces permitted the direct formation
of an acid with no more than 30 %
weight. On the other hand, calcium
nitrate had the disadvantage of be-
ing hygroscopic. Guye and collabo-
rators investigated the possibility of
obtaining sodium or potassium ni-
trate from their chlorides and nitric
acid and determined the practical
conditions under which it was pos-
sible, in this reaction, to avoid the
formation of nitrosyl chloride, which
was the main obstacle. They also
studied the solubilization of phos-

phates, alone or mixed with potas-
sium salts, by means of nitric acid.
During the systematic study of the
concentration of diluted nitric acid,
Guye was able to establish a proce-
dure permitting the production of
acid of 98 % concentration, starting
from nitrogen peroxide obtained
during the recuperation of nitrogen
oxide by means of cold.

Finally, Guye studied the utiliza-
tion of nitrogen peroxide and nitrous
oxide, which he prepared by the ac-
tion of nitric oxide over the first of
these compounds. He also studied
nitric oxide, which he prepared treat-
ing nitrogen peroxide with ozone;
and also solutions of nitric oxide in
nitric acid, which he appropriately
named nitric oleum.

According to Guye nitrogen in
the form of ammonium chloride or
sodium nitrate represents one of the
vital products of civilization; at his
time, its employment was so large
that it constituted one of the most
important economical factors of
modern times. Use of nitrogen de-
rivatives for chemical purposes was
substantially lower than that for fer-
tilization uses. In 1906 Europe im-
ported about one million tons per
year of sodium nitrate from Chile, of
which about 80 % were consumed by
agricultural uses. At the same time,
Europe was producing about 350 000 t
per year, of which, again, the largest
fraction was consumed by agricul-
ture. Since the Chilean reserves
were limited, it was clear that in or-
der to maintain the phenomenal
growth of intensive agriculture it
was necessary to find alternative
sources of nitrogen and the obvious
way seemed to be its fixation from
the atmosphere.

In a paper published™ in 1906,
Guye summarized the information
available regarding the fixation of
atmospheric nitrogen using an elec-
tric arc, in particular, the conflict
between increased yields of NO at in-
creased temperatures, and the reverse
result when quenching the resulting
mixture. Reaction at 3200°Clead to a
product containing about 5 % in vol-
ume of NO, which decreased to
about 1 % when the mixture was
cooled to 1 000 °C . Hence the need
to perform the cooling as fast as pos-
sible in order to freeze the reverse
reaction. The best results obtained
pointed to a possible production of
800 to 900 kg of nitric acid per kW-
year. Taking into account the effi-
ciency of the dynamos, the partial
recuperation of the oxides of nitro-
gen, etc., Guye believed that a con-

servative estimate was of 500 kg per
kW-year. This translated into a cost of
production per ton of nitric acid,
which was substantially lower than
that the price being paid for the ni-
trate imported from Chile and from
distillation of carbon.

The principal problem in recu-
perating NO was the fact that NO is
essentially insoluble in wax, acids,
and alkalis. It was necessary to
transform it first into higher oxides
such as N,O,, N,O,, etc.
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